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WATER-SUPPLY POTENTIAL OF THE COASTAL PLAIN
AQUIFERS IN CALVERT, CHARLES, AND ST. MARY"’S
COUNTIES, MARYLAND, WITH EMPHASIS ON THE
UPPER PATAPSCO AND LOWER PATAPSCO AQUIFERS

by

David D. Drummond

EXECUTIVE SUMMARY

A study was conducted of the water-supply potential of the aquifer system in Calvert, Charles, and St. Mary’s
Counties. The water needs of this area are supplied by the Piney Point, Aquia, Magothy, Upper Patapsco, and
Lower Patapsco aquifers. Declining water levels and elevated arsenic concentrations in the Aquia aquifer have
prompted water-supply managers to consider shifting some ground-water withdrawals from the Aquia aquifer to
the deeper Upper Patapsco and Lower Patapsco aquifers. This report presents an assessment of the potential for
these aquifers to meet future water demands of the area, given several scenarios for ground-water development.
Emphasis was placed on the Upper Patapsco and Lower Patapsco aquifers, for which critical information has been
lacking, to assess their water-bearing properties throughout the region.

Data were collected from existing sources and from six test wells drilled during this project, on lithology,
hydraulic parameters, geophysical logs, pumpage, water levels, and water quality. Hydrogeologic maps were
constructed that show the structure, transmissivity, and head distribution of the Upper Patapsco and Lower
Patapsco aquifers throughout Southern Maryland, and data for pumpage and water quality were tabulated.
Connectivity of individual sand bodies within the Upper Patapsco and Lower Patapsco aquifers was demonstrated
using sand-percentage analysis and hydraulic continuity relations. Hydrogeologic cross sections were also
constructed to show the vertical distribution of aquifers and confining units in the region.

A ground-water flow model was developed that simulates water levels in five major aquifers in Southern
Maryland. The flow model was calibrated using historical pumpage and water levels, and was then used to
estimate future water levels through 2030 based on future pumpage scenarios compiled in conjunction with
county planning departments. Flow-model scenarios were evaluated primarily based on the Maryland
Department of the Environment regulated 80-percent management level, which restricts regional heads from
declining to the tops of aquifers. Consideration was also given to the possibility of land subsidence; and of
ground-water withdrawals in the deeper confined parts of aquifers reducing heads in the shallow unconfined parts
of those aquifers, which may create the potential for stream-flow depletion, wetlands degradation, and river-water
intrusion.

Flow-model simulations indicate that projected water demand in Calvert and St. Mary’s Counties through
2030 could be met by increased pumpage from the Aquia aquifer without reducing water levels below the 80-
percent management level. Shifting a portion of public-supply withdrawals from the Aquia aquifer to the
Patapsco aquifers would result in an increase in available drawdown in the Aquia aquifer in many areas of Calvert
and St. Mary’s Counties, with minimal impact on future water levels in the Patapsco aquifers in Charles County.

In Charles County, withdrawals from the Magothy aquifer in the Waldorf area cannot be increased
significantly above 2002 amounts without lowering water levels below the 80-percent management level by 2030.
The relatively shallow depth of the Patapsco aquifers and the proximity of major pumping centers to
outcrop/recharge areas limit productive capacity. Future pumpage scenarios result in drawdowns exceeding the
80-percent management level at several locations, such as Indian Head and La Plata.
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Simulated future drawdowns indicate the potential for river-water intrusion into the Upper Patapsco and
Lower Patapsco aquifers from the Potomac River in the Indian Head area. Simulated drawdowns also indicate the
potential in shallow portions of the Patapsco aquifers for lowering the water table, which could reduce base flow
to streams and reduce the amount of water available in wetlands where ground-water inflow provides moisture for
plants. These issues could not be specifically addressed in the context of a large regional study, but require
additional examination. Alternative water-supply options should be evaluated in Charles County, such as
utilizing the Patuxent aquifer, or replacing current production well fields with new wells in the Patapsco aquifers
located farther southeast.

INTRODUCTION

The water needs of Calvert, Charles, and St. Mary’s Counties (referred to in this report as Southern Maryland)
(fig. 1) are predominantly supplied by five major aquifers. From shallow to deep, these are the Piney Point,
Aquia, Magothy, Upper Patapsco, and Lower Patapsco aquifers (tab. 1). Declining water levels and water-quality
issues in the Aquia aquifer have prompted water-supply managers to shift a portion of ground-water withdrawals
from the Aquia aquifer to the deeper Upper Patapsco and Lower Patapsco aquifers. As of 2002, cones-of-
depression have formed in the Aquia aquifer centered at Lexington Park (200 feet [ft] below sea level), the
Magothy aquifer at Waldorf (90 ft below sea level), the Upper Patapsco aquifer at La Plata (136 ft below sea
level), and the Lower Patapsco aquifer at La Plata (200 ft below sea level). Because of these concerns, a study
was undertaken to assess the water-supply potential of these aquifers, and to provide water-supply managers with
information necessary for long-term planning.

PURPOSE AND SCOPE

The purpose of this report is to present the conclusions of a 5-year study that focused on the water-supply
potential of the Piney Point, Aquia, Magothy, Upper Patapsco, and Lower Patapsco aquifers (the five major
aquifers in Southern Maryland) (fig. 2). Information is included on the hydrogeology, population trends, and
pumpage trends in Southern Maryland. A ground-water flow model was developed to simulate future ground-
water conditions, and estimate the impact of projected pumpage on water levels in the study area. The Patuxent
aquifer is described briefly, but is not included in the flow model. The bedrock units underlying the Coastal Plain
aquifers are not addressed in this report. The results of the study are summarized and discussed with respect to
the water-management issues of the major aquifers in Southern Maryland.

In addition to this Report of Investigations, a Basic Data Report is in preparation that will provide data
collected from six exploratory test wells drilled into the Patapsco aquifer as a part of this study (fig. 3). An
Administrative Report (Drummond, 2005) presented the background and conclusions of the study; some of the
material from the Administrative Report is included in this report.

LOCATION OF STUDY AREA

The study area comprises three counties in Southern Maryland: Calvert, Charles, and St. Mary’s Counties.
This area is bounded by the Chesapeake Bay to the east, the Potomac River to the south and west, and Anne
Arundel and Prince George’s Counties to the north (fig. 1). The Commonwealth of Virginia lies across the
Potomac River, and Washington, D.C. is about 15 miles (mi) to the north. The total area of the three counties is
1,044 square miles (mi?). The area of the ground-water flow model extends from 76°00' to 77°30" longitude, and
37°50' to 39°00' latitude, and is 6,642 mi?.



METHODS OF INVESTIGATION

The hydrogeology of the study area was investigated in three phases: data collection for six deep test wells
drilled through the Patapsco Formation; interpretation of test-well data and incorporation of the data into a
regional aquifer framework; and development of a ground-water flow model. Well-construction information for
selected wells cited in this report is tabulated in Appendix A. Six test wells were drilled in cooperation with the
U.S. Geological Survey (USGS) as a part of this study to obtain hydrogeologic information on the Upper Patapsco
and Lower Patapsco aquifers in Southern Maryland. Well-construction information is summarized in table 2.
Two wells were drilled in each county; four were screened in the Lower Patapsco aquifer, and two were screened
in the Upper Patapsco aquifer (fig. 2). Each well was drilled to a depth of about 1,650 ft, into the Lower Patapsco
aquifer, and sediment samples were collected at 10-foot or 20-foot intervals to describe lithologies and to
investigate the age and depositional environment of the sediments using microfossil analysis. Geophysical
logging (gamma-radiation, spontaneous potential, single-point resistance, and multi-point resistivity) was
conducted on the uncased boreholes, and screen depths were chosen based primarily on geophysical logs.

An aquifer test, consisting of a 24-hour pumping phase and 24-hour recovery phase, was conducted to
determine transmissivity and specific capacity for each well. Water samples were obtained near the end of each
pumping interval for chemical analysis. Continuous water-level recorders were installed on the six wells to
determine short-term fluctuations and long-term trends. The recorders were removed in late 2005; periodic
measurements will be taken to document future water-level trends.

Drill cuttings from the test wells were described in the field and selected samples were further examined with
a binocular microscope. Selected subsamples were sent to Dr. Gilbert Brenner of the State University of New
York at New Paltz for analysis of pollen and spore assemblages (palynomorphs) and stratigraphic analysis.
Lithologic data, pollen data, and geophysical logs were used to determine the contacts of stratigraphic units and
hydrogeologic units. These contacts were incorporated into a series of regional cross sections, based on
geophysical logs, that show the structural relations of the hydrogeologic units in the area. Structure-contour maps
for the Upper Patapsco and Lower Patapsco aquifers were developed to correlate data within the study area to the
surrounding area. Water levels for the test wells and other observation wells were plotted as hydrographs to show
short-term and long-term trends. Water levels were also used to plot potentiometric maps, which in turn were
used to develop and calibrate the ground-water flow model. Data from the aquifer tests were plotted on semi-
logarithmic graphs and transmissivity values were estimated using the straight-line method of Cooper and Jacob
(1946). A Geographic Information System (GIS) was used for storage and analysis of many types of
hydrogeologic data. It was also used to create flow-model input data sets and to display model output maps.

A ground-water flow model was constructed and used to simulate ground-water flow and hydraulic heads in
all major aquifers in the study area (except the Patuxent aquifer). Visual Modflow (Waterloo Hydrologic, Inc.,
2000) was used for the simulations. The flow model was calibrated using historical pumpage and head data, and
was then used to simulate a range of future conditions. A series of eight major future pumpage scenarios was
developed in conjunction with county planning officials, and ground-water conditions were simulated through
2030 to provide an estimate of future ground-water levels in response to projected ground-water withdrawals.

PREVIOUS INVESTIGATIONS

Darton (1896) provided the first description of the aquifers of the Atlantic Coastal Plain region, and listed
information for some of the deepest wells in Maryland for that time. Clark and others (1918) studied the ground-
water resources of Maryland, as well as Washington, D.C. and Delaware. Martin and Ferguson (1953) described
the ground-water and surface-water resources of St. Mary’s County. Otton (1955) conducted the first
comprehensive study of the hydrogeology in Southern Maryland, and provided the first potentiometric maps for
the region. Hansen (1968) developed a cross-sectional network of the subsurface in Southern Maryland using
geophysical logs. Slaughter and Otton (1968) reported on the availability of ground water in Charles County.
Glaser (1969) studied the petrology and depositional environment of the Potomac Group and Magothy Formation
in Maryland and Virginia. Weigle and others (1970) published hydrologic atlases that compiled data on ground-
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water and surface-water resources in Southern Maryland. Mack and Mandle (1977) simulated water levels in the
Magothy aquifer in Southern Maryland through 2000, based on projected population growth and pumpage
increases. Williams (1979) simulated water levels in the Piney Point aquifer in Southern Maryland and the
Eastern Shore. Chapelle and Drummond (1983) simulated water levels in the Piney Point and Aquia aquifers in
Southern Maryland, and described the geochemistry of these aquifers. Hansen and Wilson (1984) summarized
the data from a test well drilled to basement at Lexington Park. Mack (1988) described the hydrogeologic
characteristics of the Patapsco aquifers at Chalk Point. McCartan (1989a, 1989b) mapped the surficial geology of
Charles County and St. Mary’s County.

Wilson and Fleck (1990) assessed the hydrogeology of the aquifers in the Waldorf area of Charles County.
Trapp (1992) developed a hydrogeologic framework for the Atlantic Coastal Plain from North Carolina north to
New York. Glaser (1994) mapped the surficial geology of Calvert County. Fleck and Vroblesky (1996), as part
of a Regional Aquifer-system Analysis, simulated ground-water flow in all of the Coastal Plain aquifers of
Maryland, Delaware, and the District of Columbia. Hansen (1996) refined the hydrostratigraphic framework of
the Piney Point and Aquia aquifers in Calvert and St. Mary’s Counties. Achmad and Hansen (1997) evaluated the
water-supply potential of the Piney Point and Aquia aquifers in Calvert and St. Mary’s Counties, and simulated
future water levels through 2020. Hiortdahl (1997) investigated the hydrogeology of the Potomac Group aquifers
in the Indian Head area of northwestern Charles County. Andreasen (1999) evaluated the water-supply potential
of the Lower Patapsco and Patuxent aquifers in the Indian Head—Bryans Road area of Charles County.
Andreasen (2003, 2004) conducted optimization analyses of ground-water withdrawals in the Lower Patapsco
aquifer at Waldorf, and the Lower Patapsco and Patuxent aquifers at Bryans Road Service area (both in Charles
County).
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HYDROGEOLOGY

The Southern Maryland study area (fig. 1) is located within the Atlantic Coastal Plain Province, and is
underlain by a wedge-shaped body of sediments, which generally thickens and deepens to the southeast. These
sediments include layers of gravel, sand, silt, and clay, and were deposited on a subsiding basement surface
underlain by diverse bedrock formations (Hansen and Edwards, 1986). Bedrock emerges at land surface along the
Fall Line, which approximately follows Interstate 95 in Maryland and Virginia (fig. 1). The bedrock surface in
the study area attains its greatest depth in southern Calvert and St. Mary’s Counties, where it was encountered in a
test well at Lexington Park at a depth of 2,515 ft below sea level (Hansen and Wilson, 1984). Based on limited
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seismic-survey data, the basement surface dips eastward and may be 100 to 200 ft deeper at the Chesapeake Bay
shoreline (Hansen, 1978; Hansen and Edwards, 1986).

HYDROGEOLOGIC FRAMEWORK

Sand and gravel layers form aquifers, which transmit and produce water to wells, and silt and clay layers form
confining units (or aquicludes), which inhibit the movement of ground water. Seven aquifers underlie the study
area, all of which are used for water supply (to varying degrees) in different parts of the study area (fig. 2, tab. 1).
From shallowest to deepest, these aquifers are the Surficial (or Water-table), Piney Point, Aquia, Magothy, Upper
Patapsco, Lower Patapsco, and Patuxent aquifers. The crystalline and rift-basin sedimentary rocks (Hansen and
Edwards, 1986; Hansen, 1988) that underlie the Coastal Plain sediments are not considered potential sources of
water. Although in places aquifers are in direct contact with other aquifers, they are generally separated by
confining units.

This report focuses mainly on two aquifers in the Patapsco Formation, which are referred to as the Upper
Patapsco aquifer and the Lower Patapsco aquifer. These aquifers are generally separated by a layer of
predominantly silty and clayey material, which is referred to as the Middle Patapsco confining unit. The aquifers
above the Patapsco Formation have been described extensively in previous reports (see Previous Investigations),
and only brief descriptions for these aquifers are included here. New data and interpretations for these shallower
aquifers are included in this report. The Patuxent aquifer, which underlies the Patapsco aquifers, is not included
in the ground-water flow model, but may be developed more extensively in the future as an alternative to
shallower aquifers. Information on the depositional environment, water levels, and water quality of the Patuxent
aquifer is included in this report.

CROSS SECTIONS

Four hydrogeologic cross sections were constructed to show the structure and geometry of the major
hydrogeologic units in Southern Maryland (figs. 4, 5, 6, and 7). The sections are based on gamma-ray
geophysical logs obtained from existing deep wells and from the six test wells drilled for this project. Locations
of the cross sections are shown in figure 3, along with additional data points used to construct structure-contour
maps. Section A-A’ (fig. 4) trends east to west through northern Charles County, southern Prince George’s
County, and central Calvert County. Cross sections B-B' (fig. 5), C-C' (fig. 6), and D-D’ (fig. 7) trend generally
north to south, through central Charles County, northern Charles County to southern St. Mary’s County, and
southern Anne Arundel County through Calvert County, respectively.

Formation and hydrogeologic-unit contacts were determined using previous hydrogeologic studies, lithologic
and palynologic data from the six test wells, and regional structure-contour maps, as well as geophysical-log data.
These contacts do not always conform to inferred lithologic changes in the gamma logs, because some
generalization was necessary in order to determine contacts that conform with the diverse sources of data.
Formation designations based on palynologic data from the test wells are shown on the sections. Hydrogeologic
unit contacts generally conform to formation contacts, but in some instances hydrogeologic units comprise
multiple formations. For instance, the Piney Point aquifer includes sediments of the Piney Point, Nanjemoy, and
Calvert Formations. In other instances, formations are subdivided into several hydrogeologic units, such as the
division of the Patapsco Formation into two aquifers. Shallower aquifers above the Potomac Group were not the
focus of the study, but were included in the ground-water flow model, and brief descriptions are provided in the
following section. The Upper and Lower Patapsco aquifers are described in more detail in the subsequent section,
along with the Patuxent aquifer, which is the deepest member of the Potomac Group.



AQUIFERS ABOVE THE POTOMAC GROUP
Surficial Aquifer

The Surficial aquifer is exposed at the land surface, and receives recharge directly from precipitation.
Hydrogeologic processes such as evaporation, transpiration to plants, and base flow to streams occur within the
Surficial aquifer. It provides recharge to deeper aquifers, either as leakage through intervening confining units or
as direct infiltration where it directly contacts an underlying aquifer. The Surficial aquifer is tapped by some
irrigation wells and older farm and domestic wells, but is not widely used for potable water supply because of its
vulnerability to contamination and reduced dependability during droughts. Water is also withdrawn from the
Surficial aquifer to dewater gravel pits in mining operations.

The Surficial aquifer comprises a variety of geologic materials, which have been variously characterized in
different reports and maps (McCartan, 1989a, 1989b; Glaser, 2003). For modeling purposes, the Surficial aquifer
is defined in this report as the Holocene, Pleistocene, and Pliocene deposits that blanket much of the region; and
the shallow portions of older sedimentary deposits where they exhibit unconfined hydraulic conditions. This
definition includes all unconfined materials in a single aquifer, irrespective of stratigraphic relations.

The altitude of the water table (potentiometric surface in the Surficial aquifer) was estimated from
topographic contours and perennial streams using a GIS (ARCGIS 8.3) analysis (fig. 8). Where a topographic
contour crosses a perennial stream, that intersection was used as a control point to contour the water-table
elevation. In the interfluves, the water-table elevation was constrained to be higher than the stream elevation, but
lower than the land-surface elevation.

Water levels in the Surficial aquifer fluctuate seasonally due primarily to cyclic variations in
evapotranspiration (figs. 9 and 10). Precipitation is fairly constant throughout the year in Maryland. During the
growing season, plants consume water within their root zones, and the water table declines. When the growing
season is over, recharge from precipitation goes into storage, and the water table rises. The water table also varies
from year to year, with a higher water table in years with abundant precipitation. Hydrographs from shallow
wells open in the Surficial aquifer do not show a long-term decline in the water table, which suggests that
pumpage withdrawals from deeper confined aquifers are not exceeding the recharge capacity of the shallow
system.

Piney Point Aquifer

The Piney Point aquifer, as described in this report, includes sandy sediments of the upper parts of the
Nanjemoy Formation, the Piney Point Formation, and the lower, sandy units of the Calvert Formation. In some
publications it is referred to as the Piney Point-Nanjemoy aquifer (Chapelle and Drummond, 1983; Achmad and
Hansen, 1997). The Piney Point aquifer was named by Otton (1955), and was further investigated in Southern
Maryland by Williams (1979), Chapelle and Drummond (1983), Hansen (1996), and Achmad and Hansen (1997).
Only a brief description and new information on its hydrogeology are included in this report.

The Piney Point aquifer is overlain by the Chesapeake confining unit in Calvert and St. Mary’s Counties. The
Nanjemoy Formation is exposed at the surface in central Charles County where it is chiefly a silty, clayey, fine
sand, but the Piney Point aquifer exists only in the subsurface in Maryland, and is recharged entirely by leakage
through confining units. Although a few major users in southern Calvert and St. Mary’s Counties pump from the
Piney Point aquifer, it is primarily used for domestic water supply. The Piney Point aquifer is present in eastern
Charles County, but is not a major water producer there.

The northwestern extent of the Piney Point aquifer (fig. 11) is based on a map in Achmad and Hansen (1997)
that shows approximate cumulative sand thicknesses at selected well sites. This line represents the northwestern
extent of most sandy, water-bearing units in the Nanjemoy, although a few domestic wells may be screened in
minor sands northwest of this line. The altitude of the top and bottom of the Piney Point aquifer were derived
from Achmad and Hansen (1997). The altitude of the bottom of the aquifer was calculated by subtracting the
total thickness from the altitude of the top (Achmad and Hansen, 1997). The altitude of the top ranges from about
100 ft above sea level in northern Charles County to 310 ft below sea level in southern St. Mary’s County.



Transmissivity of the Piney Point aquifer within the study area ranges from 100 to 700 feet squared per day
(ft*/d), and up to 5,000 ft?/d on the Eastern Shore (Achmad and Hansen, 1997).

Water levels have declined in the Piney Point aquifer in most of the study area since the 1970’s, caused by
steadily increasing ground-water withdrawals as population has increased. For example, the water level in well
CA Fd 51 at Calvert Cliffs State Park dropped from about 12 ft above sea level in 1980 to about 2 ft below sea
level in 2005 (fig. 12). The decline has leveled off somewhat since 2000. Near Lexington Park, however, water
levels reached a low of about 33 ft below sea level in the late 1980’s, then recovered to about 20 ft below sea level
by 2000. This recovery was caused by a reduction in public-supply withdrawals from the Piney Point aquifer in
the Lexington Park area.

The potentiometric surface in the Piney Point aquifer in 2002 shows a cone-of-depression, 74 ft below sea
level centered at Cambridge, in Dorchester County, where it is pumped heavily for the town water supply (fig.
11). In Southern Maryland, a broad cone-of-depression, 20 to 30 ft below sea level, extends from southern St.
Mary’s County to southern Calvert County. The Piney Point aquifer is used extensively in this area for domestic
and small commercial water supplies. In northern Calvert County, the Piney Point aquifer is used primarily for
domestic supply.

Production well SM Ef 89, screened in the Piney Point aquifer at Great Mills (in St. Mary’s County), has an
anomalously high yield (455 gallons per minute [gpm]) and specific capacity (22.75 gallons per minute per foot
[gpm/ft]) (Achmad and Fewster, 2003). Originally thought to be screened in the Aquia aquifer because of its high
production capacity, the well’s screened interval recorded on the driller’s completion report was confirmed to be
in the Piney Point aquifer. Chemical analysis for silica and potassium yielded values of 24.1 and 12.6 milligrams
per liter (mg/L), respectively. Concentrations of these constituents are generally higher in the Piney Point than in
the Aquia (Drummond, 1984), and the analysis is consistent with water derived from the Piney Point aquifer. A
water-level measurement taken in this well on June 17, 2004 of 33 ft below sea level conforms to the
potentiometric surface of the Piney Point aquifer (fig. 11), but not the Aquia aquifer.

Aquia Aquifer

The Aquia aquifer includes sandy sediments of the Aquia Formation in eastern Charles County, all of Calvert
County, and most of St. Mary’s County (fig. 13). It undergoes a transformation (facies change) to predominantly
finer-grained sediments in southeastern St. Mary’s County, where it is not used for water supply. It outcrops or
subcrops in a southwest to northeast trending band, roughly 10 mi wide, from Virginia through northern Charles
County to Prince George’s and Anne Arundel Counties, and the Eastern Shore of Maryland. The generalized
outcrop/subcrop area for the Aquia aquifer shown in this report was derived from Chapelle and Drummond
(1983) for Anne Arundel and Queen Anne’s Counties; and from geologic maps of Charles and Prince George’s
Counties (McCartan, 1989a; Glaser, 2003) for those counties. The Aquia aquifer also extends into Delaware,
where it is named the Rancocas aquifer (Cushing and others, 1973). The hydrogeology of the Aquia aquifer has
been described by Otton (1955), Chapelle and Drummond (1983), Hansen (1996), and Achmad and Hansen
(1997). Only a brief description and new information on its hydrogeology are included in this report.

The Aquia aquifer is generally separated from the overlying Piney Point aquifer by the Marlboro Clay and
lower, clayey parts of the Nanjemoy Formation, referred to as the Nanjemoy confining unit. The Aquia aquifer is
separated from the underlying Magothy aquifer (where it exists) by clayey and silty sediments of the Brightseat
and Severn Formations, and clayey units of the upper part of the Magothy Formation. Where the Magothy
aquifer is absent (southern Calvert County and most of St. Mary’s County), the Aquia aquifer is separated from
the underlying Upper Patapsco aquifer by clayey units of the Brightseat Formation and upper, clayey units of the
Patapsco Formation. The clayey material separating the Aquia aquifer from underlying aquifers is referred to as
the Brightseat confining unit.

The Aquia aquifer is used extensively for domestic and major-user supplies in Southern Maryland, as well as
in Virginia and the Eastern Shore of Maryland. It is not generally used for water supply west of U.S. Route 301
in Charles County. Transmissivity of the Aquia aquifer within the study area ranges from 400 to 2,000 ft?/d, and
up to 5,000 ft?/d on the Eastern Shore (Achmad and Hansen, 1997).

Since 1975, water levels have declined in the Aquia aquifer by about 100 ft at Solomons in Calvert County
(well CA Gd 6) and by 65 ft and 90 ft at Leonardtown (well SM Dd 50) and Lexington Park (well SM Df 71),
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respectively, in St. Mary’s County (fig. 14). These are all areas where the Aquia aquifer is heavily pumped for
public supplies and other uses. A deep cone-of-depression (as much as 200 ft below sea level) has formed in the
Aquia aquifer in the Lexington Park/Solomons area of St. Mary’s and Calvert Counties, where it is heavily
pumped for public, commercial, and military supplies (fig. 13). Domestic wells are also screened in the Aquia
aquifer in this area, and declining water levels have caused failures in some wells due to outmoded construction
techniques (telescoping wells).

Water quality in the Aquia aquifer is generally good (for an extensive discussion, see Chapelle and
Drummond, 1983). However, arsenic concentrations in some places exceed the U.S. Environmental Protection
Agency Maximum Contaminant Level (MCL) of 10 micrograms per liter (ug/L) for public water supplies.
Because of these considerations, water-supply managers in Calvert and St. Mary’s Counties are seeking to shift
some ground-water usage from the Aquia aquifer to the deeper Patapsco aquifers. This shift of pumpage from the
Agquia should also reduce (and perhaps reverse) water-level declines, and ameliorate problems for domestic-well
users.

Magothy Aquifer

The Magothy aquifer underlies the Aquia aquifer, and is separated from it by the Brightseat confining unit.
The Magothy aquifer primarily comprises the sandy portion of the Magothy Formation. In this report, the
Magothy aquifer in the Waldorf area also includes overlying Upper Cretaceous sands that Fleck and Wilson
(1990) referred to as the Monmouth aquifer. The Magothy aquifer pinches out (decreases to zero thickness) in
central Charles County, northern St. Mary’s County and southern Calvert County (figs. 6, 7, and 15), but is used
extensively for domestic and public supplies in northeastern Charles County, northern Calvert County,
southeastern Prince George’s County, and southern Anne Arundel County. The Magothy aquifer crops out only
in central Anne Arundel County, and does not receive recharge directly within the study area.

Test well SM Bc 39, in northern St. Mary’s County, penetrated about 10 ft of dark gray lignitic clay (640 to
650 ft below land surface) and 20 ft of medium to coarse light-colored, pyritic sand (650 to 670 ft below land
surface). These sediments have been tentatively assigned to the Magothy Formation. This well is about 5 mi
south of the southern extent of the Magothy aquifer drawn by Mack and Mandle (1977), and indicates that the
Magothy extends at least a few miles into northern St. Mary’s County. Maps of the Magothy aquifer in this report
show the revised extent of the Magothy aquifer.

Within the study area, the top of the Magothy aquifer ranges from about 50 ft below sea level in northwestern
Charles County to about 700 ft below sea level in southeastern Calvert County, and the thickness ranges from 0 ft
at the edge of the aquifer’s extent to a little over 50 ft at Waldorf (Mack and Mandle, 1977). The bottom of the
Magothy aquifer ranges from about sea level in northern Charles County to about 720 ft below sea level in eastern
Calvert County. The Magothy attains its maximum thickness of 200 ft in the Annapolis area of central Anne
Arundel County.

The transmissivity of the Magothy aquifer in the study area ranges from zero where it pinches out, to about
7,000 ft?/d in northern Calvert County (Mack and Mandle, 1977; Mack and Achmad, 1986). The Magothy attains
its maximum transmissivity of 12,000 ft>/d, where it is thickest, in central Anne Arundel County (Mack, 1974).
Mack and Mandle (1977) did not report measured values of storage coefficient for the Magothy aquifer, but used
a value of 0.0003 for the confined part of the aquifer. Hansen (1972) reported a storage coefficient of 0.0001 for
the Magothy aquifer north of the study area, and Andreasen (2002) used this value in a flow model in southern
Anne Arundel County.

The potentiometric surface of the Magothy aquifer in 2002 shows a cone-of-depression in the Waldorf area,
which was 90 ft below sea level (fig. 15). The Magothy is heavily pumped in this area for the public-supply
system. Elsewhere in the study area, heads range from about 50 ft above sea level near the outcrop area in Anne
Arundel County to about 40 ft below sea level in central Calvert County.

Hydrographs of two wells screened in the Magothy aquifer show significant head declines over the past
several decades (fig. 16). Heads in well CA Dc 35, at Scientists Cliffs, declined from about 10 ft above sea level
in 1975 to about 35 ft below sea level in 2005. Although a few major users withdraw water from the Magothy
aquifer in northern Calvert County, the head decline at Scientists Cliffs is probably caused primarily by
cumulative pumpage increases throughout the extent of the Magothy aquifer. Heads in well CH Bf 134, at
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Waldorf, declined from about 10 ft above sea level in 1975 to about 80 ft below sea level in 2005. The decline at
Waldorf was caused by significant population growth and increased pumpage for the public-supply water system
in central Charles County. In recent years, increased water demand has been met by increasing withdrawals from
the Upper Patapsco, Lower Patapsco, and Patuxent aquifers; as a result, heads in the Magothy aquifer have tended
to stabilize at Waldorf (fig. 16).

POTOMAC GROUP AQUIFERS

Sediments of the Patapsco Formation are divided into four hydrogeologic units in this report. From shallow
to deep, these units are the Upper Patapsco confining unit, the Upper Patapsco aquifer, the Middle Patapsco
confining unit, and the Lower Patapsco aquifer (fig. 2). This division was used by Mack and Achmad (1986) in a
study of the Potomac Group aquifers in northern Anne Arundel County. They noted that sands in the Patapsco
Formation form two distinct aquifers that are hydraulically separated. Andreasen (1999) generally followed this
classification in researching the hydrogeology of northwestern Charles County, although that study was restricted
to the Lower Patapsco and Patuxent aquifers. No attempt was made in the previous studies to correlate the units
between Anne Arundel County and Charles County. In this study, additional data were collected at six sites in
Calvert, Charles, and St. Mary’s Counties, which has helped clarify the relation of these aquifers throughout the
region. This section describes the regional depositional setting of Potomac Group sediments, geometry of
individual sand bodies within the formation, lithologic and hydraulic characteristics of the units, and descriptions
of the aquifers.

Regional Setting

Coastal Plain sediments of Maryland were deposited on the subsiding margin of the Atlantic plate. Richards
(1948) documented a structural depression in the Middle Atlantic area, with an axis trending southeastward
through the Delmarva Peninsula, which he named the Salisbury Embayment. Deposition within the Salisbury
Embayment created a wedge-shaped body of sediments, which generally deepens to the southeast with a gentle
slope of about 25 to 65 feet per mile (ft/mi) (Glaser, 1969). North of the embayment axis, structure contours
generally trend northeast, indicating a deepening of the formations to the southeast. On the southern flank of the
embayment, structural contours swing to the south and southeast, and the formations become shallower to the
southwest (Hansen, 1978).

Hansen and Edwards (1986) presented evidence of a buried rift basin beneath Southern Maryland, extending
northeast through the Eastern Shore of Maryland and Delaware. It may be the northeast extension of the
Taylorsville and Richmond Basins, which are exposed at the surface in Virginia (Hansen, 1988). High-angle
reverse faulting associated with these rift basins was documented in northern Charles County and Prince George’s
County by Jacobeen (1972), and in central St. Mary’s and Calvert Counties by Hansen (1978). The latest
significant activity of these faults was probably late Cretaceous or early Paleocene. These faults may influence the
hydrogeology in places by partially offsetting aquifer and confining-unit layers, or by warping more competent
beds.

Lower Cretaceous sediments of the Maryland Coastal Plain were deposited in a fluvial-deltaic environment,
which extended throughout the mid-Atlantic region. Hansen (1969) determined that the delta system in Maryland
was dominated by a major axial river in the Baltimore area, and smaller distributary channels to the northeast
(Harford County) and southwest in Southern Maryland. Proximity to the major channel near Baltimore gave rise
to high-energy braided-channel stream types, dominated by sand and gravel point-bar deposits. Toward the
southwest in Southern Maryland, Potomac Group sediments are dominated by lower-energy deposits of
floodplain and meandering stream environments. These sediments in Southern Maryland have a higher
percentage of clay/silt lithologies than in the Baltimore area, and a lower percentage of sands and gravels. These
trends are reflected in the lower transmissivities of the Patuxent and Patapsco aquifers in Southern Maryland,
compared with areas in Baltimore and northern Anne Arundel County.

The source area for Potomac Group sediments was primarily the Piedmont rocks of Maryland and Virginia, to
the northwest of the Coastal Plain (Glaser, 1969). Additional material was contributed by the Appalachian region
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during later Patapsco deposition, and possibly from reworked older Potomac Group sediments. Marginal marine
sediments, such as glauconitic and calcareous sands, may also have been deposited by the sporadic, progressive
encroachment of the sea during Patapsco time, particularly in eastern Maryland (Anderson and others, 1948).

Streams that supplied sediment for the Potomac Group in Maryland generally flowed eastward to
southeastward (Glaser, 1969). Channel sands that form the aquifers in the Potomac Group therefore are probably
elongated in the eastward to southeastward direction, although insufficient subsurface data are available to
corroborate the orientation of individual sand bodies.

Geometry of Potomac Group Sands

The geometry of individual sand bodies that comprise the Patapsco aquifers affects the hydraulic
characteristics of the aquifers in several ways. The extent and degree of connectedness of the sand bodies at the
local scale will have a strong influence on the results of aquifer pumping tests. Most aquifer-test analysis
techniques assume that the aquifer has constant thickness and infinite lateral extent, or that simple boundary
conditions exist within the sphere of influence of the test. Examples of simple boundaries would be a straight
recharge boundary such as a river, or a linear no-flow boundary, such as an impermeable valley wall. More
complex aquifer geometries, such as gradual thinning and irregular boundary conditions, complicate the
interpretation of aquifer-test results.

Sand-body geometry can also affect development of the ground-water flow model. Elongate sand bodies
oriented in the same direction may impart a regional anisotropy on the transmissivity field. The degree of
connectedness of individual sand bodies may also influence the method of dividing the geologic section into
aquifer layers.

Empirical solutions derived from modern fluvial analogs have been developed to estimate the dimensions of
ancient sand deposits, such as widths of channel-belt sands (Bridge and Mackey, 1993; Bridge, 2003). An
example is provided by Fielding and Crane (1987), who developed bivariate regression equations to relate bank-
full channel depth to channel-belt width for various types of modern and ancient fluvial channel deposits (fig. 17).
Their Case 2b applies to point-bar deposits in meandering channels. Hansen (1969) postulated that the Southern
Maryland area occupies the upper flood plain and lower flood plain environments of a deltaic sequence, and that
meandering streams predominated in most of the area. Fielding and Crane’s (1987) equation for meandering
streams is:

CBW,,=64.6H,,-** (1)
where
CBW,, = channel-belt width (in meters)
Hm = channel depth (in meters).

They theorize that, because channel deposits accrete vertically as well as laterally, channel depth is a fraction of
sandstone thickness that, on average, is 0.55. Entering this fraction into equation (1) yields:

CBW,,=64.6(0.55ST,) “** (2)
where
STm = sand thickness (in meters).

Table 3 shows calculated values for sand-body widths for typical values of sand thickness observed in the
Patapsco Formation in Southern Maryland. Sand-body thicknesses of 20 to 30 ft would indicate sand-body
widths for meandering streams of about ¥ to ¥ mi (Case 2b, table 3). Table 3 also shows calculated sand-body
widths for braided stream channels (Case 3), and an average of all stream types (Case 2a) (Fielding and Crane,
1987). Case 3 calculations would apply to areas closer to Baltimore, such as northern Prince George’s and Anne
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Arundel Counties, where Hansen (1968) speculates that higher energy depositional environments gave rise to
braided-channel stream types. Case 2a encompasses all stream types, including straight non-migrating streams of
laterally restricted fluvial environments.

Lorenz and others (1985) relate bankfull channel widths to depths using a relationship from Leeder (1973):
BCW,, = 6.8h,,">* (3)
where
BCW,, = bankfull channel width (in meters)
hm = bankfull channel depth (in meters)
and an equation from Leopold and Wolman (1960):
CBW,, = 7.44 BCW,, *®  (4)

to relate meander amplitude (channel-belt width) to channel width. Ignoring the exponent of the nearly linear
equation, and substitution of equation (3) yields

CBW,,=50.6 h** (5)
where
CBW,, = channel-belt width (in meters)

which is similar to equation (2) derived from Fielding and Crane (1987). Lorenz and others (1985) do not correct
sand-body thickness for the vertical accretion factor of Fielding and Crane (1987), but they do employ a factor of
0.9 to correct for compaction in the conversion of channel depth (original sand thickness) to sandstone thickness.
Compaction of sands in the Patapsco Formation may have occurred, but this factor was not included in
calculations in table 3. Bridge and Mackey (1993) summarize mathematical relationships between various
channel dimensions for numerous studies, and note the wide variance in the derived parameters.

It should be noted that the above analysis estimates sand body widths for “ideal” depositional conditions.
Sand bodies that comprise the Potomac Group aquifers may have different dimensions because the ideal channel-
sand deposition may have been aborted before reaching full size, or may be truncated by subsequent avulsions
(abrupt changes in the course of a stream). On the other hand, sand bodies observed in the field may be the result
of stacked meander sequences (Andreasen, 1999), and have greater thicknesses and widths than those determined
above. Figure 18 is a schematic cross section that shows individual sand bodies that are generally interconnected
within aquifer layers, but disconnected within confining units. Although some sand bodies appear to be
disconnected in the two-dimensional cross section, they are likely to be connected in the three-dimensional
matrix. Other types of sand bodies, such as natural levees and crevasse splays, may also be present beside the
point-bar sequences that probably comprise the bulk of the Potomac Group aquifers.

The estimated widths of sand bodies (¥4 to %2 mi) indicate that aquifer tests are likely to be affected by
localized boundaries. Gradual reduction in sand thickness and truncation of sand bodies would produce partial
no-flow boundaries that are within the sphere of influence of some pumping tests.

Lithology

Lithologic characteristics of Patapsco sediments were determined by examining drill cuttings from six test
wells drilled for this study (Calis and Drummond, in preparation). Lithologic descriptions were made on-site of
washed, undried samples using a hand lens. Selected intervals were examined later in more detail on dried
samples using a binocular microscope.
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Because samples were taken from drill cuttings (no cores were obtained), sediments from shallower intervals
were apparently mixed with sediments of the specified intervals. In particular, glauconite was observed in many
samples from the Patapsco Formation. Glauconite is abundant in the shallower marine units (Nanjemoy, Piney
Point, and Aquia Formations) but is not expected to occur widely in the fluvial-deltaic depositional environments
of the Patapsco Formation. Glauconite has not been documented in outcrop or core samples of the Potomac
Group in Maryland. However, as Hansen and Wilson (1984) noted, it is possible that sporadic marine incursions
could have introduced rare glauconite into the fluvio-deltaic environments of the Potomac Group. Brenner’s
identification of several species of Lower Cretaceous dinoflagellate cysts in a sample from well SM Dd 72 (1,130
to 1,150 ft) provides evidence for shallow marine sediments in the Patapsco Formation (Calis and Drummond, in
preparation; Appendix C).

Recovery of representative fine-grained samples was also problematic. Clays and silts were often
disaggregated by the drill bit, and incorporated into the drilling fluid. Some fragments of intact clay samples were
recovered, and these were used to describe clayey intervals. However, clay lithologies are probably
underrepresented in the lithological descriptions, based on comparison with geophysical logs.

Sands of the Patapsco Formation in the six test wells range from very fine to very coarse, and except for some
accessory minerals (for instance, pyrite and goethite), are detrital in origin. They are generally gray or greenish-
gray in appearance, but in some cases are yellowish to reddish brown. These colors are typical of paleosols, and
may represent fossil soil profiles imprinted on fluvial sediments that accumulated and weathered in a setting
characterized by varying drainage conditions (Retallack, 1986; Bridge, 2003; Kraus and Hasiotis, 2006). Sorting
characteristics could not be determined due to mixing of sediments in drill cuttings. Gravel and pebbles up to 35
millimeters (mm) in diameter are sporadically present, and may be underrepresented in sample descriptions due to
settling in the drilling-fluid column and difficulty in bringing them to the surface. Sands are predominantly
subangular to subrounded quartz grains, with minor amounts of accessory minerals. Quartz grains are mostly
clear and colorless (occasionally with black inclusions), with some frosted white grains, and some with yellowish
to dark-brown iron coatings. Some clear grains are stained green, yellow, lavender, and blue.

Common accessory grains include pyrite, lignite, and muscovite. Rare accessory grains include chert, biotite,
goethite, and feldspar. Fragments of several types of cemented sandstone are common. Cement in these
fragments variously includes hard, yellow to dark reddish brown iron oxide; hard white to gray calcareous matrix
(exhibited effervescence when wetted with dilute hydrochloric acid); and soft, friable non-calcareous matrix. The
sand fraction from several intervals in different test borings included spherical, sand-sized grains of grayish-white
sandstone. Although the origin of the accessory grains and fragments is uncertain, the presence of pyrite, lignite,
and goethite, and non-calcareous aggregates is consistent with a paleosol origin (Bridge, 2003).

Clays of the Patapsco Formation are extremely variable, in both color and texture. The predominant clay
lithology encountered in the test holes is medium to dark gray silty clay. Other common colors include light
greenish gray, light to dark reddish brown, and mottling with gray, brown, yellow, white, pink and purple. Most
clays are silty and/or sandy, but some samples appear to be nearly pure clay, hard and crumbly. Some of these
clays have a waxy, slickensided aspect, which, along with variegated coloration and mottling, is typical of alluvial
soils (Bridge, 2003). Common accessory grains in the clays include pyrite, lignite, and muscovite. Glauconite
was commonly observed in clay samples from the Patapsco Formation, but it is uncertain if any was in-situ
material.

Aquifer Tests

Aquifer tests were performed on the six test wells drilled during this project. Each test consisted of a 24-hour
pumping phase, followed by a 24-hour recovery phase. During the pumping phase, the well was pumped at a
constant rate; discharge was monitored with an orifice meter, and checked periodically with a 55-gallon drum and
stopwatch. During the pumping and recovery phases, water levels were measured using an electric tape, and for
five of the six wells, a pressure transducer and digital recording device were used.

Results of the tests were analyzed using the method developed by Cooper and Jacob (1946). In this method,
measured water levels are plotted against time on semi-logarithmic axes (figs. 19 to 24). If the assumptions of the
method are met, drawdowns plot in a straight line, and transmissivity is calculated from the slope of the line and
discharge rate, according to the formula:
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T=353xQ/As (6)
where
T = transmissivity, in ft*/d,
Q = pumping rate, in gallons per minute,

As = drawdown in one log cycle, in ft.

Assumptions of this method are that: 1) the aquifer is homogeneous and infinite in lateral extent with constant
thickness; 2) the well screen fully penetrates the aquifer; 3) the well is completely developed; and 4) there are no
other influences on water levels, such as tidal or barometric effects, recharge events, or nearby pumpage. All test
wells are located at least five miles from other pumping wells, and the Patapsco aquifers are fully confined, so
pumpage and recharge did not affect test results. Well SM Dd 72 is about % mi from Breton Bay, and a semi-
diurnal tidal fluctuation is superimposed on pumping and recovery data in the test of that well. The pumping and
recovery phases of the test each covered two complete tide cycles, and the effect was visually corrected.
Although none of the well screens penetrated the entire aquifer thickness, most screens included the full thickness
of the sand body that forms the aquifer at each location, and partial penetration is not considered a factor in data
analysis.

Incomplete well development may be a factor in analysis of the aquifer tests because of well-construction
techniques. Drilling continued below the depth intervals that were eventually screened, and drilling fluid had
several days to several weeks to invade the aquifer sands. The problem was particularly acute in wells CA Db 96
and CH Cg 24, which were screened in the Upper Patapsco aquifer, but drilling continued to the Lower Patapsco
aquifer, and the screen intervals were open to drilling fluid for several weeks. Because of construction problems,
the screened interval in well CH Bg 17 was also open to drilling fluid for several weeks before the well was
developed. These factors make it difficult to remove all drilling fluid from the aquifer sands during well
development. Aquifer tests performed in wells that have not been completely developed will underestimate
transmissivity. In addition, changes in fluid density of water in the well bore, caused by changes in water
temperature, may also cause water-level fluctuations during the tests.

The extreme variability of Potomac Group sands leads to significant difficulties in interpreting aquifer-test
data. As discussed previously, the individual sand bodies that make up the aquifers are limited in lateral extent,
have complex localized boundaries, and are lithologically heterogeneous. Furthermore, individual sands may
coalesce to form stacked sandy sequences. These factors create variable hydraulic boundaries that are impossible
to characterize with the sparse data available, but may strongly influence aquifer-test results if they are
sufficiently close to the test wells. The concept of a unique transmissivity value, where neither a constant
thickness nor a hydraulic conductivity can be defined, may not be valid.

Nevertheless, transmissivities were calculated from aquifer tests for the six test wells. For flow-modeling
purposes, transmissivity values must be mapped and entered throughout the modeled extent of each aquifer. A
“composite” transmissivity value was assigned for the aquifer screened at each test-well site, based on various
slopes of the drawdown and recovery phases of each test, and circumstances for each test. Data from all six tests
showed nonlinearities in Cooper-Jacob plots. In the tests for wells CH Cg 24 (fig. 22) and SM Bc 39 (fig. 23), the
nonlinearities are minor, and transmissivity values (1,000 and 640 ft*/d, respectively) were based on averages of
pumping and recovery results.

In the aquifer tests for wells CA Db 96 (fig. 19) and CH Bg 17 (fig. 21), curves in the data are reflected in the
pumping and recovery data, and show similar trends; that is, slopes increased with later time, indicating a
decrease in transmissivity as the test progressed. Composite transmissivities of 380 ft%/d and 200 ft?/d were
calculated for these two wells, respectively. This curvature is interpreted as a decrease in transmissivity with
distance from the test well. Wilson (1986) noted a similar steepening of data plots in the aquifer test for well CH
Bf 146, screened in the Lower Patapsco aquifer near Waldorf. He attributed this effect to a hydrologic boundary
caused by either a change in texture to finer sediments or a lateral truncation of the sand screened in the test well.
Andreasen (1999) also noted this effect in test wells CH Bc 75 and CH Bc 78, screened in the Patuxent aquifer
near Chapmans Landing. He attributed the steepening of slope to either updip thinning of the sandy interval, or
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vertical offset of aquifer beds caused by faulting. A sharp break in the slope of test data would indicate a no-flow
boundary; however, a gradual curvature in test data indicates a gradual thinning or change to finer sediments.

Aquifer-test data for wells CA Fd 85 (fig. 20) and SM Dd 72 (fig. 24), both screened in the Lower Patapsco
aquifer, also show significant nonlinear responses, but the data show differences between the drawdown and
recovery phases of the tests. The recovery test for well CA Fd 85 shows a downward curvature, in which
transmissivity appears to increase in the later stages of the test. This pattern resembles results for a nearby
recharge boundary, although no such boundary is likely to exist in this strictly confined hydrologic setting. The
curvature may also be caused by an increase in transmissivity with distance from the well, such as a thickening of
the sandy interval, or a gradual coarsening of the sediments. The downward curvature seen in the recovery data is
not reflected in the data for the drawdown phase of the test, which is difficult to explain. Short-term water-level
changes, on the order of % ft, are caused by barometric fluctuations, which may partially account for the
irregularities. The composite transmissivity value of 2,700 ft*/d determined for this site is based on a generalized
average of slopes from different stages of the aquifer test.

Aquifer-test data for well SM Dd 72 (fig. 24) also show dissimilarity between the drawdown and recovery
phases of the test. Water levels at this well exhibit semi-diurnal fluctuations of less than a foot caused by tidal
loading from Breton Bay, which is about 2 mi away. These fluctuations, in addition to barometric fluctuations,
may account for some of the dissimilarity. The drawdown phase of the test shows a moderate steepening of the
curve, indicating a decrease in transmissivity with distance from the well. This curvature is not reflected in the
recovery data, which is essentially linear when corrected for tidal fluctuations. The composite transmissivity
value of 4,000 ft%/d determined for this well is based on a generalized average of slopes from different stages of
the aquifer test, although more weight was given to the recovery test.

Differentiation of the Upper and Lower Patapsco Aquifers

The division of the Patapsco Formation into the Upper and Lower Patapsco aquifers is based on hydraulic
characteristics and structural relations. The two aquifers are lithologically similar, and cannot be routinely
distinguished by examining drill cuttings from the units. Similarly, the units within the Patapsco Formation cannot
be distinguished on the basis of pollen assemblages or other paleontologic evidence, although the Patapsco
Formation can be distinguished from the deeper Arundel and Patuxent Formations using pollen. The Patapsco
Formation was subdivided into palynozones (lla, I1b, lic, and I11) based on fossil pollen and spore assemblages in
a few wells (Calis and Drummond, in preparation); however, these palynozones probably do not correspond with
the hydrogeologic units delineated in this report.

Potentiometric surfaces of the Upper and Lower Patapsco aquifers are similar, but show some distinctive
differences. Both surfaces show cones-of-depression centered in the Waldorf-La Plata area where ground-water
withdrawals are greatest. However, the deepest head in the Lower Patapsco aquifer is 191 ft below sea level,
whereas in the Upper Patapsco aquifer, the deepest head is only about 130 ft below sea level. Heads in the two
aquifers are also significantly different near the Morgantown power plant in southern Charles County, and at
Annapolis.

Water levels in wells screened in the Upper Patapsco and Lower Patapsco aquifers at the same location also
indicate that the aquifers are hydraulically disconnected. Hydrographs for wells in four of these clusters show
distinct trends that would not be evident if the units functioned as a single aquifer (fig. 25). Water levels in well
CH Be 60, screened in the Upper Patapsco aquifer at Smallwood West, declined steadily from about 20 ft below
sea level in 1987 to 42 ft below sea level in 2007, while water levels in well CH Be 58, screened in the Lower
Patapsco aquifer at the same location, dropped from 20 ft below sea level to nearly 200 ft below sea level during
the same time period. Water levels in well QA Eb 111, screened in the Upper Patapsco aquifer at Chester in
Queen Anne’s County, declined steadily from 1980 until 1999, then recovered a few feet when much of the
pumpage from the Upper Patapsco aquifer at Stevensville, a few miles away, was shifted to the Lower Patapsco
aquifer. Water levels in well QA Eb 112, screened in the Lower Patapsco aquifer at Chester also declined steadily
during that period, but were a few feet above water levels in the Upper Patapsco aquifer until the shift in pumpage
occurred. At that time, water levels in well QA Eb 112 quickly dropped to a few feet below levels in well QA Eb
111, then continued to decline. Water-level trends in well clusters at St. Paul (in central Charles County) and
Bowie (in northern Prince George’s County) also show differences between the Upper and Lower Patapsco
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aquifers. These differences in water-level trends indicate that the two aquifers are hydraulically disconnected, at
least locally, and function as separate aquifers.

Hydraulic connectivity of individual sand bodies within the Upper Patapsco and Lower Patapsco aquifers was
corroborated by analysis of sand percentages. Mathematical models have been developed to simulate the
distribution, dimensions, and connectivity of channel-belt sand bodies that comprise fluvial aquifers. Process-
based models simulate the fluvial processes that control the distribution and geometry of channel-belt sands, and
can be used to generate theoretical distributions of sand bodies in alluvial sequences (Mackey and Bridge, 1995).
Bridge and Mackey (1993) show that alluvial sand bodies generated by a process-based model are largely
unconnected in cross section when sand percentage is less than 40 percent. They report that connectivity
increases with sand percentage up to 75 percent, where all channel-belt sand bodies are connected. Stochastic
models using “percolation theory” to determine the probability of randomly distributed sand bodies being
connected show similar results. King (1990) and Berkowitz and Balberg (1993) show that sand bodies randomly
distributed in a three-dimensional lattice become increasingly connected when sand percentage reaches a
threshold of 27.6 percent and 31.2 percent, respectively. These studies suggest that aquifer layers in the Patapsco
Formation should have minimum sand percentage values of at least 27 percent to 40 percent for the assumption of
hydraulic connectivity to be valid. Conversely, confining units should have sand percentages below these values
for the assumption of aquifer separation to be valid.

Sand percentages were calculated for the hydrogeologic units in the Patapsco Formation from multi-point
resistivity logs. These were used to estimate the connectivity of aquifer intervals and confining-unit intervals.
Sand percentages were estimated using the inflection method of Lynch (1962) for 16 multi-point resistivity logs
(where available) for the wells shown on cross sections in figures 4 through 7. Sand thicknesses of individual
beds were corrected for bed-thickness effects (Keys and MacCary, 1971), and averaged for each of the units.
Logs that partially penetrated hydrogeologic units were included if they penetrated a significant portion of the
unit. This method may underestimate total sand thickness of some units because the resistivity deflection
disappears or reverses for sand beds thinner than the tool electrode spacing (1.3 ft for the 16-inch tool and 5.3 ft
for the 64-inch tool [Keyes and MacCary, 1971]).

The Upper Patapsco aquifer averaged 46.4 percent sand for 16 well-log intervals, which indicates general
hydraulic connectivity of the individual sand bodies within the aquifer. The Lower Patapsco aquifer averaged
40.8 percent sand for 12 well-log intervals, which indicates borderline connectivity based on the process-based
model (Bridge and Mackey, 1993), but general connectivity based on stochastic models (King, 1990; Berkowitz
and Balberg, 1993). Sand percentages for the Upper Patapsco and Middle Patapsco confining units averaged 4.2
and 10.9 percent, respectively, indicating poor connectivity of the isolated sand bodies within these units, and
general disconnectivity between the Upper and Lower Patapsco aquifers.

The delineation of top and bottom structure-contour maps for the Upper Patapsco and Lower Patapsco
aquifers was based on geophysical logs, lithologic logs, and regional structural relations. Unlike shallower
aquifers, such as the Aquia, which was deposited in a shallow marine environment and predominantly comprises
a single sand layer, the Patapsco aquifers are composed of multiple interconnected sand bodies that do not form
continuous surfaces. Delineation of top and bottom surfaces for the Patapsco aquifers is somewhat arbitrary in
places because aquifer boundaries do not always coincide with boundaries of sand bodies. For example,
hypothetical test borings A, B, and C, shown in the conceptual cross section (fig. 18), intercept different sand
bodies within the Upper Patapsco and Lower Patapsco aquifers. It would be impossible to define continuous top
surfaces for these aquifers based on the shallowest sand layer encountered in each boring, and some regional
generalization is necessary to delineate structure-contour maps. It is even possible that a boring would not
encounter any sand layers within an aquifer’s boundaries, such as hypothetical boring C in the Lower Patapsco
aquifer (fig. 18). Similar relations apply to the bottoms of aquifers.

The basis for aquifer delineation may be important in managing ground-water withdrawals in the Upper
Patapsco and Lower Patapsco aquifers. As explained in the section of this report entitled Ground-Water
Management, ground-water withdrawals are managed to prevent water levels from declining below the 80-percent
management level, which is based on the prepumping potentiometric surface and the top-of-aquifer surface. If the
aquifer top were defined by the top of the shallowest sand layer (such as hypothetical boring A in fig. 18), a well
located at that site would appear to have more available drawdown than if the aquifer top were defined by
regional structure, as shown.

15



Upper Patapsco Aquifer

The Upper Patapsco aquifer underlies the Magothy aquifer where the Magothy is present, and is separated
from it by clayey units in the top of the Patapsco Formation and bottom of the Magothy Formation (fig. 2). These
clayey units are referred to collectively as the Upper Patapsco confining unit. Where the Magothy aquifer is
absent, the Upper Patapsco aquifer is overlain by the Aquia aquifer, and is separated from it by the Brightseat
confining unit, and clays in the top of the Patapsco Formation. The Upper Patapsco aquifer includes sandy beds
in the upper part of the Patapsco Formation, which is the upper unit of the Potomac Group. Individual sand units
of the Upper Patapsco aquifer are impossible to delineate with the data currently available; however, they appear
to be sufficiently interconnected at the regional scale to form a single aquifer.

The Upper Patapsco aquifer extends to the northeast through Prince George’s and Anne Arundel Counties,
and beneath the Chesapeake Bay to the Eastern Shore of Maryland. It extends southwest across the Potomac
River, but in Virginia, the Potomac Group is not subdivided into the Upper Patapsco, Lower Patapsco, and
Patuxent aquifers as it is in Maryland. The bluffs along the Potomac River in northwestern Charles County
contain outcrops of the upper part of the Potomac Group, and the Upper Patapsco aquifer outcrops and subcrops
in this area. It also subcrops beneath the Potomac River, and river-water intrusion has occurred in the Indian
Head area from the tidal part of the river (Hiortdahl, 1997). Outcrop and subcrop areas provide recharge to the
deep, confined Potomac Group aquifers, but have not been mapped explicitly. The generalized outcrop/subcrop
areas of the Upper Patapsco and Lower Patapsco aquifers shown in this report were derived by extrapolating the
structure contours of top and bottom surfaces to the land surface. These outcrop/subcrop areas include areas that
are overlain by thin layers of other units, and are not shown on geologic maps (McCartan, 1989a; Glaser, 2003).

Within the study area, the top of the Upper Patapsco aquifer ranges from 50 ft above sea level in northwestern
Charles County to about 750 ft below sea level in central Calvert County (fig. 26). It is 1,024 ft below sea level at
Cambridge on the Eastern Shore. The -600 ft contour shown in figure 26 swings eastward in southern St. Mary’s
County to accommodate values in the Leonardtown and Lexington Park area that are shallower than suggested by
regional relations. These beds are noted in wells SM Bc 39, SM Dd 72 and SM Ef 56 in cross-section C-C' (fig.
6) and in wells CA Fd 85, SM Df 100, and SM Df 84 in cross-section D-D’ (fig. 7). This trend suggests additional
sandy beds in the Upper Patapsco aquifer not present elsewhere in the region. Hansen and Wilson (1984)
tentatively assigned these beds to the Mattaponi (?) Formation, a name Cederstrom (1957) assigned to non-marine
and shallow-marine units that occur between the Aquia Formation and the Potomac Group in the Northern Neck
of Virginia. In this report, the Mattaponi(?) Formation is included in the Upper Patapsco aquifer.

Within the study area, the bottom of the Upper Patapsco aquifer ranges from about 100 ft below sea level in
western Charles County to about 1,000 ft below sea level in eastern Calvert County (fig. 27). The bottom altitude
is 1,640 ft below sea level at Cambridge. The thickness of the Upper Patapsco aquifer in the study area ranges up
to 330 ft at Cedar Point on NAS (Naval Air Station) Patuxent River. On the Eastern Shore, it is over 600 ft thick.

Transmissivity distribution of the Upper Patapsco aquifer in Southern Maryland was determined by
assembling data from previously published reports and other sources on file at MGS. These data were
supplemented by transmissivity calculations for test wells CA Db 96 and CH Cg 24. Transmissivity of the Upper
Patapsco aquifer in the study area ranges from less than 500 ft*/d in western Charles County to more than 3,000
ft?/d in Calvert and St. Mary’s Counties (fig. 28). In northern Anne Arundel County, transmissivity of the Upper
Patapsco aquifer attains a maximum of over 10,000 ft/d. Because of the complex boundaries previously
discussed, and wide variation in measured values, it may not be possible to accurately map transmissivity on a
regional basis. Some modifications of the transmissivity distribution were made during calibration of the ground-
water flow model.

The Upper Patapsco aquifer is used extensively for public supply in central Charles County. It is also
pumped heavily by major users in Prince George’s and Anne Arundel Counties north of the study area, and by
domestic users in Charles County. A few major users pump the Upper Patapsco aquifer in Calvert and St. Mary’s
Counties, and it is used on the Eastern Shore of Maryland as far south as Crisfield, in Somerset County. The
Upper Patapsco aquifer is also used on the Northern Neck of Virginia.

Water levels have declined significantly in the Upper Patapsco aquifer since pumping began in northwestern
Charles County. A cone-of-depression has formed in the Upper Patapsco aquifer, centered in the La Plata area,
which was 136 ft below sea level in 2002 (fig. 29). This cone-of-depression probably extends northwest to the
Potomac River, where it may induce river-water intrusion. It may extend southeast to the Lexington Park area,
where withdrawals for public supply began in the early 2000’s.
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Hydrographs of observation wells screened in the Upper Patapsco aquifer show a steady decline in heads,
even in areas where major withdrawals have not occurred. At La Plata, where the Upper Patapsco is heavily
pumped, water levels have declined from about 22 ft below sea level in 1969 to about 140 ft below sea level in
2004 (fig. 30). At Randle CIiff, in Calvert County, where the aquifer has been minimally developed, the water
level has declined from about 15 ft above sea level in 1975 to 17 ft below sea level in 2004. At Lexington Park,
in St. Mary’s County where the aquifer had not been used until the early 2000’s, the water level declined from
about 8 ft below sea level in 1983 to about 45 ft below sea level in 2004. These water-level declines are probably
caused by distant pumpage, and indicate hydraulic continuity of the aquifer on a regional scale.

Hydrographs for test wells CA Db 96 and CH Cg 24 show a seasonal fluctuation superimposed on a general
decline of about 1 foot per year (ft/yr) (fig. 31). Although the seasonal fluctuation corresponds to the fluctuation
in the Surficial aquifer, the Upper Patapsco aquifer is strictly confined, and is not strongly influenced
hydraulically by the water table. The fluctuation is more likely the result of seasonal variations in pumpage from
water-supply wells at La Plata, and the Chalk Point Power Plant, located halfway between wells CA Db 96 and
CH Cg 24.

Water quality in the Upper Patapsco aquifer is generally good, based on analyses of 19 wells in the study area.
Chemical analyses of water from the Upper Patapsco, Lower Patapsco, and Patuxent aquifers are shown in
appendix B, and the locations of sampled wells are shown in figure 32. Total dissolved solids (TDS) (based on
residue on evaporation at 180° Celsius [C]) are low, ranging from 126 to 349 mg/L. The pH in water from most
wells ranges from 7.0 to 8.5, but well SM Ff 36, in southern St. Mary’s County, had a pH of 9.8. This pH is
anomalously high, and may be a result of sampling error, or may be caused by invasion of cement grout in the
water sample. No MCLs were exceeded in water from the Upper Patapsco aquifer (although not all regulated
constituents were tested), but Secondary Maximum Contaminant Levels (SMCLs) were exceeded for iron (4 of 11
samples) and manganese (1 of 11 samples).

Piper diagrams were prepared for water analyses from the Upper Patapsco, Lower Patapsco, and Patuxent
aquifers. These diagrams display the chemical character of the water on two ternary diagrams—one for cations
and one for anions—and a central diamond, which combines the ionic types. Hydrochemical facies are shown as
areas on the diagrams that have distinct water chemistries. For instance, water samples of the sodium-bicarbonate
hydrochemical facies plot in the lower right section of the cation triangle, the lower left area of the anion triangle,
and the bottom part of the central diamond.

Samples that were not analyzed for calcium, magnesium, sodium, potassium, sulfate, or chloride were
excluded from the Piper diagrams. Samples that included these constituents but were missing alkalinity analyses
were included in the diagrams, and bicarbonate was calculated from the other ions to achieve a charge-balance
error of zero. Analyses in which the charge-balance error was greater than 5 percent were excluded from the
Piper diagrams.

Water samples in the Upper Patapsco aquifer are primarily classified as sodium/potassium-bicarbonate
hydrochemical facies (fig. 33). However, about half of the samples show a trend away from sodium/potassium,
toward a ratio of 40 to 50 percent calcium and 60 to 40 percent magnesium. This trend suggests a primary source
of sodium and potassium, and a secondary source that is approximately equal in calcium and magnesium. A
nearly identical trend is displayed by water from the Upper Patapsco aquifer in Kent County (Drummond, 1998),
and Queen Anne’s and Talbot Counties (Drummond, 2001). Drummond (2001) cites the dissolution of
aluminosilicates, such as albite and anorthite, as possible sources of calcium; however, these minerals do not
contain magnesium, so the source of this constituent is uncertain. Biotite is a possible source of magnesium, but
was rarely observed in drill cuttings from the six test wells, and Glaser (1969) noted muscovite as the only mica
observed in outcrop of the Potomac Group sands. The water samples with elevated levels of calcium and
magnesium do not show a clear trend in spatial distribution.

The calcium/magnesium component could be derived from leakage from confining units. If interstitial water
in the overlying or underlying confining unit is a calcium/magnesium-bicarbonate facies, the mixing of water of
this type with sodium/potassium-bicarbonate water indigenous to the aquifer would produce the observed trend in
cations. Marine units such as the Aquia and Brightseat Formations, overlie the Upper Patapsco aquifer in some
parts of the study area. These units contain shell material, and could supply the calcium/magnesium component
to water chemistry in the Upper Patapsco aquifer. Chemical analyses of pore water squeezed from Potomac
Group clays (Hansen and Wilson, 1984) show a similar trend toward a calcium/magnesium component, and
suggest that clays from confining units or interbedded fine-grained material may supply this component. Cation-
exchange processes could also produce this trend, where sodium and potassium in the water would exchange for
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calcium and magnesium on exchange sites in intercalated clays or iron oxide coatings on sand grains of the
aquifer matrix.

Lower Patapsco Aquifer

The Lower Patapsco aquifer underlies the Upper Patapsco aquifer, and is separated from it by clayey units in
the middle part of the Patapsco Formation, referred to as the Middle Patapsco confining unit. The Lower
Patapsco aquifer comprises sandy units in the lower part of the Patapsco Formation. Like the Upper Patapsco
aquifer, the Lower Patapsco aquifer is composed of humerous sandy beds, which may be hydraulically separated
locally, but coalesce on a regional scale to form a single aquifer.

Potomac Group sediments extend to the southwest of the study area into Virginia, but correlation to aquifers
from Maryland is uncertain. The Lower Patapsco aquifer also extends northeast to northern Anne Arundel
County, but correlation across southern Prince George’s County, where data are scarce, is also uncertain. It
extends across the Chesapeake Bay to Queen Anne’s and Kent Counties on the upper Eastern Shore of Maryland,
but, because of sparse data, its hydraulic character on the lower Eastern Shore is uncertain.

Within the study area, the top of the Lower Patapsco aquifer ranges from about 100 ft below sea level in
western Charles County to about 1,400 ft below sea level in eastern Calvert County (fig. 34). The top is 1,795 ft
below sea level at Cambridge. The bottom of the Lower Patapsco aquifer ranges from about 200 ft below sea
level in western Charles County to about 1,700 ft below sea level in eastern Calvert County, and 2,055 ft below
sea level at Cambridge (fig. 35). It attains its greatest thickness of about 380 ft in the Hollywood area of St.
Mary’s County.

Transmissivity of the Lower Patapsco aquifer in the study area ranges from less than 500 ft?/d in northwestern
Charles County to 4,000 ft?/d in St. Mary’s County (fig. 36). Transmissivity ranges up to 5,000 ft%d in northern
Anne Arundel County, and 4,000 ft?/d in Queen Anne’s County. On the Northern Neck of Virginia, the middle
Potomac aquifer was simulated with a transmissivity of up to 12,000 ft*d by Harsh and Laczniak (1990) based on
model calibration. The middle Potomac aquifer of Virginia is tentatively correlated with the Lower Patapsco
aquifer of Maryland in this report, and these transmissivity values were assimilated into the contour map.
Because of the fluvial-deltaic depositional environment of Patapsco sediments, transmissivity values calculated
from aquifer-test data vary widely, sometimes over relatively short distances.

Water levels have declined significantly in the Lower Patapsco aquifer, especially in the northwestern Charles
County area where a cone-of-depression has formed that was nearly 200 ft below sea level in 2002 (fig. 37). This
cone-of-depression extends northwest to the Potomac River, and probably to the outcrop area in Virginia and
Prince George’s County.

Hydrographs of wells screened in the Lower Patapsco aquifer in Charles County show rapid head declines
from the late 1980’s through the mid-1990’s, followed by slower declines until present (fig. 38). In Charles
County, water levels in the Lower Patapsco aquifer have declined about 150 ft at St. Charles (well CH Be 58)
from 1986 to 2005, and about 50 ft at Potomac Heights (well CH Bc 24) near Indian Head from 1988 to 2005.
The Lower Patapsco aquifer is used extensively in central and northwestern Charles County, but not elsewhere in
the study area, and no long-term water-level data are available for the Lower Patapsco aquifer in Calvert or St.
Mary’s Counties.

Hydrographs of four test wells screened in the Lower Patapsco aquifer show steady declines over several
years of available record, even in Calvert and St. Mary’s Counties where the aquifer is not used for water supply
(fig. 31). These declines are caused by increased withdrawals from the Lower Patapsco aquifer in Anne Arundel
and Prince George’s Counties, and indicate that the aquifer is hydraulically connected on a regional scale. Wells
CA Fd 85 and SM Dd 72 show nearly identical responses to barometric effects, and a decline of about 1.2 ft/yr.
Wells CH Bg 17 and SM Bc 39, which are closer to the pumping center, show greater declines of 2.2 and 1.5
ft/yr, respectively. These wells show similar barometric fluctuations seen in wells CA Fd 85 and SM Dd 72.
Well CH Bg 17 may show a seasonal fluctuation similar to that seen in the Upper Patapsco test wells, although
less than 2 years of data is available for this well, and the fluctuation is not as apparent.

Water quality in the Lower Patapsco aquifer is generally good (app. B). The pH of 60 water samples from
wells in Southern Maryland ranged from 6.8 to 8.7, and TDS range from 122 to 768 mg/L. No MCLs were
exceeded in these samples, although not all regulated constituents were tested. SMCLs were exceeded for iron
(12 out of 40 samples) and manganese (5 of 41 samples). Arsenic concentrations were below detection levels in
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water from all seven wells sampled (detection levels range from 0.2 to 1.0). Gross alpha- and gross beta-particle
analyses from four samples ranged from 1.4 to 6.4 and 2.0 to 5.6 picocuries per liter (pCi/L), respectively, and
were well below MCLs.

A Piper diagram (fig. 39) shows that water from the Lower Patapsco aquifer is primarily in the
sodium/potassium-bicarbonate hydrochemical facies. Four samples show a trend in cation composition away
from sodium and potassium and toward a mixture of calcium and magnesium, similar to that seen in the Upper
Patapsco aquifer. The reason for the trend in the Lower Patapsco aquifer is probably the same as in the Upper
Patapsco; that is, leakage of calcium/magnesium water from confining units, or cation exchange processes within
the aquifer. All four samples with elevated calcium and magnesium levels in the Lower Patapsco aquifer are in
the updip portion of the aquifer, close to the Potomac River.

Although most samples plot in the bicarbonate water type for anions (as in the Upper Patapsco aquifer), a
significant trend toward chloride is also apparent. Elevated chloride concentrations occur mostly in the extreme
northwestern part of Charles County, and probably relate to river-water intrusion from the Potomac River.
Hiortdahl (1997) attributed high chloride concentrations in this area to river-water intrusion, citing high pumpage
rates at the Indian Head Naval Ordnance Station, and shallow, semi-confined hydraulic conditions in the vicinity
of the Potomac River. A few elevated chloride samples occur farther downdip in the Lower Patapsco aquifer.
These may be attributable to leakage from the underlying Patuxent aquifer, or relic parcels of brackish water from
former high stands of sea level, as discussed for the Patuxent aquifer.

Patuxent Aquifer

The Patuxent aquifer underlies the Lower Patapsco aquifer, and is separated from it by the Arundel confining
unit. The Patuxent aquifer is the deepest Coastal Plain aquifer in the study area, and rests on the bedrock surface.
It is pumped by a few wells in northwestern Charles County, but is not used elsewhere in the study area. The
Patuxent aquifer is a potential future water source in Charles County where the shallower aquifers have been
extensively developed, and its depth is not prohibitive. In Calvert and St. Mary’s Counties, however, it probably
will not be used for water supply until the shallower Patapsco aquifers are developed.

The Patuxent Formation probably extends throughout the entire Maryland Coastal Plain, but downdip data are
too sparse to map the presence of the Patuxent aquifer southeast of Charles County. The top of the Patuxent
aquifer ranges from about 400 ft below sea level in northwestern Charles County to 1,846 ft below sea level at
Chalk Point, in southernmost Prince George’s County (Andreasen, 1999). Hansen and Wilson (1984) did not
differentiate between the Arundel and Patuxent Formations in test well SM Df 84 at Lexington Park; however,
examination of their reconstructed geologic log and geophysical logs for the well suggests that the top of the
Patuxent aquifer is between 1,950 and 2,050 ft below sea level. The bottom of the Patuxent aquifer cannot be
mapped with currently available data, but the top of basement rock ranges from about 600 ft below sea level in
northwestern Charles County to 2,453 ft below sea level at Chalk Point, in southernmost Prince George’s County
(Andreasen, 1999) and 2,515 ft below sea level at Lexington Park (Hansen and Wilson, 1984). The basal 30 ft of
the Coastal Plain at Lexington Park was tentatively assigned by Hansen and Wilson (1984) to the “Waste Gate
Formation”, the updip edge of an Early Cretaceous unit that thickens eastward beneath the Eastern Shore of
Maryland (Hansen, 1984). The Patuxent aquifer outcrops along the inner edge of the Fall Line in Virginia,
Washington, D.C., and northwestern Prince George’s County.

Transmissivity values estimated by Andreasen (1999) for the Patuxent aquifer in Charles and Prince George’s
Counties and northern Virginia range from 80 to 4,400 ft’/d. Water levels measured in the Patuxent aquifer in
2002 range from 4 ft below sea level to 35 ft below sea level in northwestern Charles County (fig. 40). Water
levels measured in Prince George’s, Anne Arundel, and Queen Anne’s Counties are within 6 ft of sea level.
Water-level declines in four wells screened in the Patuxent aquifer in Charles and Prince George’s Counties range
from about 0.5 ft/yr in well CH Da 18 to 3 ft/yr in well CH Bc 77 (fig. 41).

Analyses of water from seven wells screened in the Patuxent aquifer in Charles County show good water
quality, with pH ranging from 7.3 to 7.9 and TDS ranging from 214 to 602 mg/L (app. B). No MCLs were
exceeded in these analyses, but SMCLs were exceeded in one well for iron, and in one well for manganese. No
analyses are available for arsenic concentrations in the Patuxent aquifer in the USGS database, but samples from
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two production wells in northwestern Charles County (wells CH Bd 58 and CH Cc 36) were below the detection
level of 2 pg/L.

A Piper diagram indicates that water in the Patuxent aquifer is of the sodium bicarbonate hydrochemical
facies (fig. 42). However, the anions show a trend toward chloride, similar to that seen in the Lower Patapsco
aquifer. All analyses have elevated chloride concentrations, ranging from 16 to 96 mg/L. Elevated chloride
concentrations do not appear to be clustered near the Potomac River, as they are in the Lower Patapsco aquifer.
The highest concentration is near La Plata (96 mg/L), which is about 10 mi downdip from the river.

The Patuxent aquifer was not screened or sampled for water quality at well SM Df 84 in Lexington Park, but
Hansen and Wilson (1984) estimated TDS and specific conductance using the Dual Induction-SFL electric log for
several sandy intervals in the Patuxent and Waste Gate Formations. They determined that these intervals contain
brackish water with specific conductance estimated to range from about 2,500 to 4,300 microsiemens per
centimeter (uS/cm), and TDS concentrations estimated to range from about 1,500 to 2,650 mg/L. They also
report that pore water squeezed from clayey core samples from the Patuxent and Waste Gate Formations is also
brackish, with estimated TDS concentrations ranging from 887 to 2,176 mg/L.

The source of brackish water in the Patuxent aquifer in Southern Maryland is uncertain, but it may be the
updip portion of a wedge of salty water from the Atlantic Ocean that extends beneath the Eastern Shore of
Maryland. Hansen and Wilson (1984) note that sodium and chloride concentrations generally increase with depth
at well SM Df 84. Brackish water is also present at the base of the Potomac Group aquifers on the upper Eastern
Shore of Maryland (Otton and Mandle, 1984). Drummond (1998) speculated that this might be a relic of a
previous high stand of sea level, in which the aquifers were inundated by seawater, but not yet entirely flushed out
with fresh water. A similar situation may occur in the Patuxent aquifer of Southern Maryland. If the presence of
brackish water is confirmed in the downdip areas of the Patuxent aquifer, it may constrain development of the
aquifer for water supply.

Thick, dense clays and silts of the Arundel confining unit separate the Patuxent aquifer from overlying
aquifers (predominantly the Lower Patapsco aquifer), and probably do not allow much leakage. The Waste Gate
Formation and bedrock underlie the Patuxent aquifer, and are not considered potential sources of water.

GROUND-WATER MANAGEMENT

Effective management of ground-water resources requires the consideration of several important factors that
may limit the amount of water that can be safely withdrawn from the aquifer system. These water-management
criteria may affect production wells, or may affect other users and resources many miles from the production
wells themselves. Five water-management criteria were identified that could constrain future development of the
ground-water supply: the 80-percent management level, impacts on other ground-water users, brackish-water and
river-water intrusion, a lowered water table, and land subsidence.

WATER-MANAGEMENT CRITERIA
80-Percent Management Level

Currently, the primary criterion for evaluating water-appropriation permit applications in the confined
aquifers of the Maryland Coastal Plain is the 80-percent management level. The Maryland Department of the
Environment (MDE) defines this level at a given location as 80 percent of total available drawdown, measured
from the prepumping water level to the top of the aquifer (Code of Maryland Regulations [COMAR]
26.17.06.D(4)) (fig. 43). MDE regulates ground-water users to prevent the regional potentiometric surface from
declining below this level. A new user (or existing user applying to increase its withdrawal) would not be granted
a permit if the proposed withdrawal rate is predicted to cause the regional head to fall below the management
level. This regulation is intended to prevent water levels from declining below the top of an aquifer, and thus
causing partial dewatering of the aquifer near large ground-water users. Dewatering of confined aquifers is also
prevented by COMAR 26.17.06.D(5), which prohibits the installation of a well pump below the top of the aquifer.
The 80-percent management level is not applied in the outcrop area nor the shallow confined portions of an
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aquifer because the regional head is near the top of the aquifer even without the influence of pumping. The
cumulative effect of many production wells on water levels in the shallow portions of confined aquifers is not
considered in application of the 80-percent management level.

The 80-percent management level for each aquifer can be mapped as an 80-percent management surface
throughout the extent of the aquifer from maps of prepumping head and altitude of the aquifer top. Measured and
simulated heads can be compared with the 80-percent management surface to determine remaining available
drawdown for specified times. In areas where the top of an aquifer is poorly defined, the 80-percent management
surface will also be poorly defined.

The 80-percent management surface for the Piney Point aquifer (fig. 44) ranges from about sea level in
northern Calvert County to 250 ft below sea level in southern St. Mary’s County. The 80-percent management
surface for the Aquia aquifer (fig. 45) ranges from about 50 ft above sea level in northwestern Charles County to
about 400 ft below sea level in southern St. Mary’s County. The 80-percent management surface for the Magothy
aquifer (fig. 46) ranges from about sea level in northern Charles County to 500 ft below sea level in southern
Calvert County. The 80-percent management surface for the Upper Patapsco aquifer (fig. 47) ranges from about
100 ft above sea level in northern Charles County to about 600 ft below sea level in eastern Calvert County. The
80-percent management surface for the Lower Patapsco aquifer (fig. 48) ranges from about 100 ft below sea level
in northwestern Charles County to about 1,150 ft below sea level in southeastern Calvert County.

Impacts on Other Users

Excessive drawdowns may create other undesirable effects that should be taken into consideration, but are
difficult to evaluate on a regional basis. In some areas, wells have been constructed with 4-inch diameter casing
near the land surface that reduces to a 2-inch diameter below that to save on construction costs; these are referred
to as “telescoping wells.” A submersible pump is typically installed in the 4-inch part of the well. If the water
level falls below the reduction point in such a well, the pump cannot be lowered further, and the well must be
replaced. This is not a problem with the ground-water resource, but may cause significant economic impact in
areas where telescoping wells are common. In situations where a large user withdraws a quantity of ground water
unprecedented for an area, MDE regulations require the user to financially mitigate the impacts of that withdrawal
on other users (COMAR 26.17.06.05.D(1)).

Lowered Water Table

Although the water table (potentiometric surface in the Surficial aquifer) generally remains constant despite
head declines in deeper confined aquifers, it is possible, through cumulative regional withdrawals, to lower the
water table at some locations. The consequences of a lowered water table may include reduced base flow to
streams, a decrease in water available for plant transpiration, and altered ecology of wetlands, where ground water
provides inflow to the wetland (Tiner, 1988). These processes are complex and localized, and cannot be
adequately addressed in a regional study of this scope. MDE regulations prohibit ground-water withdrawals that
would affect the use of watercourses and lakes by other people (COMAR 26.17.06.05.D(2)). However, this
regulation does not address the potential cumulative impact of thousands of users in the confined part of an
aquifer on surface-water resources in the unconfined part.

At one location near Glen Burnie in northern Anne Arundel County, withdrawals from a well field pumping
from the Lower Patapsco aquifer drastically reduced the stream flow in nearby Sawmill Creek (Achmad, 1991).
The well field was abandoned, and stream flows returned to normal. No other instances of stream-flow reduction
or wetland degradation caused by ground-water withdrawals have been documented in the Maryland Coastal
Plain.

The potential impact of ground-water withdrawals on the water table can be tracked in the future by
continuing to monitor water levels in wells in the outcrop areas of major aquifers where shallow monitoring wells
exist, and installing and monitoring wells in aquifer outcrop areas where data are lacking. The future impact of
increased ground-water withdrawals on water-table elevations could be evaluated by developing a ground-water
flow model that simulates the shallow subsurface processes of recharge to the water table, evapotranspiration,
base flow to streams, and discharge of ground water to estuaries.
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Intrusion of Brackish Water or River Water

Potentiometric heads reduced below sea level in shallow aquifers may induce brackish-water intrusion near
tidal estuaries or river-water intrusion near non-tidal rivers. River-water intrusion has been documented in the
Lower Patapsco aquifer in the Indian Head area of northwestern Charles County, along the Potomac River
(Hiortdahl, 1997). Heads have already declined below sea level in this area in the Upper Patapsco and Lower
Patapsco aquifers, and increased future withdrawals will lower heads further. Both of these aquifers are
unconfined or semi-confined in this area, and continued river-water intrusion is a possibility. The Potomac River
is tidally influenced fresh water in the area of the cones-of-depression in northwestern Charles County. Potomac
River water has average salinity values of 0.09 and 0.23 parts per thousand (ppt) at two sites in this area
(Maryland Department of Natural Resources, 2005a, 2005b). River-water intrusion into the aquifers may cause
the ground water to be unsuitable for some uses, including human consumption. Brackish-water intrusion is not
likely to occur in other parts of the study area because the large cones-of-depression occur in the confined parts of
the aquifers, and overlying confining units would prevent downward migration of salty water. Brackish-water
intrusion has been documented in the Aquia aquifer in Anne Arundel County near the Chesapeake Bay (Fleck and
Andreasen, 1996), Baltimore Harbor (Chapelle, 1985), and Kent Island (Drummond, 1988). MDE regulations
(COMAR 26.17.06.D(7)) prohibit ground-water withdrawals that would cause brackish-water intrusion. More
detailed studies are required to determine the extent and potential for brackish-water or river-water intrusion near
the tidal rivers of Southern Maryland.

Land Subsidence

Land subsidence in the Maryland Coastal Plain may be caused by large head declines as a result of water
withdrawals if sediments are compressed due to loss of hydrostatic pressure (Davis, 1987). Subsidence in
Maryland may also be caused by the continued isostatic adjustment of the land surface to the most recent
glaciation cycle. During parts of the Pleistocene Epoch, much of the northern United States and Canada was
covered by an ice sheet, which depressed the land surface in that area and caused an upward bulge in the land
surface to the south of the ice sheet. Melting of the ice sheet resulted in a “rebound” of the land surface that was
once covered by ice, and subsidence of the land surface south of that area (Sella and others, 2007). Other
processes, such as dewatering of organic soils and dissolution of soluble earth materials, may also cause land
subsidence in some areas, but they are not likely to be significant in the Maryland Coastal Plain. Possible
consequences of land subsidence include lowered land-surface elevation, encroachment of bay water, and a
decrease in inelastic storage of confining units and clayey parts of aquifers.

Land subsidence has not been documented in Maryland, but it is a possibility near the deep cones-of-
depression in Charles and St. Mary’s Counties. Achmad and Hansen (1997) estimated that water levels reduced
to the 80-percent management level near Lexington Park could result in land subsidence of 0.73 to 1.09 ft, but
that this is not likely to cause severe engineering problems. Assuming 1 ft of subsidence takes place over 50
years (from 1980 when water levels at Lexington Park first exceeded the preconsolidation stress of 65 ft below
sea level, to 2030), the rate of subsidence would be about 6 millimeters per year (mm/yr). Holzer (1981) noted
that pumpage-induced sediment compaction is relatively small until water-level declines exceed the previous
maximum stress on the sediments, which is referred to as the preconsolidation stress. Davis (1987) estimated
that, for the Atlantic Coastal Plain, the preconsolidation stress equivalent is about 65 ft below sea level. Some
shoreline slopes in the Chesapeake Bay region are nearly flat, and a small relative rise in sea level can cause a
significant loss of horizontal shoreline (Nerem and others, 1998). Because of a time lag caused by drainage of
thick clay beds, subsidence rates are likely to be less than this estimate, and would continue even after water
levels in the aquifers have stabilized.

Subsidence was documented by Pope and Burbey (2004) at two sites in Virginia. Extensometer-well records
indicate total land subsidence of 24.2 mm from September 1979 through December 1995 (1.5 mm/yr) at Franklin,
and 50.2 mm from June 1982 through December 1995 (3.7 mm/yr) at Suffolk. Large ground-water withdrawals
from the Cretaceous middle Potomac aquifer (possibly correlating to the Lower Patapsco aquifer in Maryland),
primarily from paper mills at those sites, caused drawdowns of 200 ft and 131 ft, respectively. Sediment
compaction, which manifests as subsidence at the land surface, occurs chiefly in clay beds, and does not
significantly affect the hydraulic properties of the aquifers (Alley and others, 1999). Land subsidence could be
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evaluated by the installation and monitoring of extensometer wells at Lexington Park and La Plata, by high-
precision global positioning system (GPS) surveys, and by remote sensing applications such as INSAR (a satellite
imagery technique).

POPULATION TRENDS

The population of the three Southern Maryland counties increased from 64,626 in 1950 to 281,320 in 2000
(tab. 4) (U.S. Census Bureau, 1995, 2003). Charles County experienced the most growth, its population
increasing by 97,131, or 415 percent during that time period. Calvert County’s population increased by 62,463,
or 516 percent, and St. Mary’s County’s population increased by 57,100, or 196 percent. Figure 49 shows
historical and projected population for the three counties from 1900 through 2030.

Population data were used to estimate domestic pumpage for the historical model calibration periods of 1952,
1982, 1994, and 2002. Table 4 shows intercensal population estimates for 1982 (U.S. Census Bureau, 1992) and
1994 (U.S. Census Bureau, 2000) and the interpolated 1952 population that were used for domestic pumpage
calculations. Table 4 also shows the estimate (U.S. Census Bureau, 2003) for July 1, 2002, which was used for
domestic pumpage calculations for 2002, and as a base figure for future pumpage projections. As of March 2007,
the U.S. Census estimates for the 2002 population in Calvert, Charles, and St. Mary’s Counties (U.S. Census
Bureau, 2007) had been revised slightly (less than 1 percent in all counties) from figures accessed in 2003. The
population estimates used in table 4 were archived by the U.S. Census Bureau as “vintage 2002 figures (U.S.
Census Bureau, 2003).

Population projections were used to estimate future domestic and public-supply pumpage. Population
projections for 2010, 2020, and 2030, broken down by election district, were obtained from each of the county
planning departments (Calvert County Department of Planning and Zoning, Charles County Department of
Planning and Growth Management, and St. Mary’s County Department of Land Use and Growth Management,
written communications, 2004). Election district boundaries are shown in figures 57 to 61. Increases over 2002
populations were used to estimate domestic pumpage and public-supply pumpage for those years. Calvert County
changed the boundaries of its election districts in 2002; the old election districts are used throughout this report.

Table 5 shows 2000 population figures from the Census Bureau for each election district in Calvert, Charles,
and St. Mary’s Counties. Population distribution among election districts was used to estimate domestic-
pumpage distribution for historical and future flow-model simulations. Census Bureau population estimates for
2002 were not subdivided by election district, so the percentage increase from 2000 to 2002 for each county was
multiplied by the election-district populations of 2000 to obtain estimates of election-district populations for 2002.
Table 5 also shows the projected populations for each election district, and the fractional increases over 2002
populations for 2010, 2020, and 2030. Fractional increases from 2002 to 2030 range from 1.10 in Charles County
Election District 10 to 2.04 in Charles County Election District 9 (increases of 10 percent to 104 percent). County
populations increase by 24 percent, 59 percent, and 42 percent for Calvert, Charles, and St. Mary’s Counties,
respectively, from 2002 to 2030.

GROUND-WATER PUMPAGE

Ground-water pumpage is an important input parameter to the flow model for historical calibration of the
model and for simulating future water levels in response to projected pumpage amounts. Pumpage is broadly
divided into two categories: domestic pumpage, which is withdrawn from individual homeowners’ wells for
household supplies; and major-user pumpage, which is withdrawn from production wells for public-supply,
commercial, military, and industrial users.

Major Users

Major users (those users pumping an average of 10,000 gallons per day [gpd] or more) are regulated by MDE,
are required to obtain Ground-water Appropriation Permits (GAPs), and submit reports of monthly pumpage

23



amounts to MDE. Pumpage data collected by MDE are acquired by the USGS and maintained in a statewide
database, which also stores user locations and aquifer assignments (Judith Wheeler, written commun., 2002-
2004). Pumpage data for major users from 1900 through 1980 were compiled by Wheeler and Wilde (1989).
These data were used to construct model-input data sets for the simulation periods 1952, 1982, 1994, and 2002.
In some cases, pumpage figures were revised, based on discussions with water-supply operators. Total pumpage
for major users in each county for each historical stress period is shown in table 6. Pumpage amounts for
individual major users are tabulated for the Piney Point, Aquia, Magothy, Upper Patapsco, and Lower Patapsco
aquifers in Appendixes D, E, F, G, and H, respectively. Locations of major users are shown for each aquifer in
figures 50, and 52 through 55. Figure 51 shows the locations of individual wells for well fields at Solomons,
Chesapeake Ranch, Lexington Park, NAS Patuxent River, and Leonardtown, and pumpage amounts for these
wells are tabulated in Appendix I. Wells within each of these well fields are separated by large enough distances
to be simulated separately in the flow model.

Future public-supply pumpage was estimated using population projections for 2010, 2020, and 2030. The
fractional increase of population from 2002 population for each election district was multiplied by 2002 pumpage
amounts for public-supply users within the relevant district. Pumpage amounts for major users that were not listed
as public supply in 2002 were not increased in the future simulations. Although commercial, military, and
industrial water use will probably increase in the future, it is difficult to predict where and when increases will
occur because they are not directly related to population increases. Water use outside of the study area was also
kept at 2002 levels for future simulations. Significant future increases in pumpage in counties outside the study
area (particularly southern Anne Arundel County) may cause additional drawdown to that simulated in the flow
model. Andreasen (2002) estimated an increase of 0.8 million gallons per day (mgd) in southern Anne Arundel
County from 2000 to 2020, due to a projected population increase of 32,750. He simulated an additional
drawdown of 22 ft if the water were withdrawn from the Aquia aquifer, or 20 ft if withdrawn from the Magothy
aquifer. Additional drawdown caused by pumpage increases in other nearby counties would be somewhat less,
due to smaller projected population increases, and greater distances from the study area. Total major-user
pumpage for each county for each future stress period is shown in tables 7a-c.

Domestic Pumpage Distribution

Domestic pumpage is not reported to MDE, so the distribution and amounts were estimated from well records
and population figures. Well drillers in Maryland are required to obtain a permit prior to drilling a well, and to
submit a completion report after drilling a well. These documents are maintained at MDE, and the information
from them is compiled in a database that includes approximate well location, depth drilled, screen settings, and
yield characteristics. The number of domestic wells drilled in each 10,000-foot Maryland grid block was tallied,
the number of wells in each aquifer was estimated from screen-depth and elevation information, and a conversion
factor was used to calculate pumpage. Because the data include significant uncertainties in location, and land-
surface elevation is unknown, a generalized method was developed to determine the distribution of wells in each
aquifer.

All well records for Calvert, Charles, and St. Mary’s Counties were loaded into a spreadsheet. Wells were
removed if they were not identified as domestic-use wells, were missing depth or location data, or had locations
outside of their respective counties. Wells were also removed if they were listed as replacement wells.
Replacement wells generally do not specify the wells they replaced, so it is uncertain whether the replacement
well and the original well were screened in the same aquifer. In such cases, such as a shallow dug well being
replaced by a deeper well in a confined aquifer, some domestic pumpage may have been attributed to the wrong
aquifer. However, if replacement wells were included in this analysis, they would cause duplication of wells, and
this was considered a greater source of error than misattribution of aquifers.

The well records were then sorted by location data into 10,000-foot grid blocks of the Maryland Grid
Coordinate system. This system is based on the 1927 datum of the Maryland State Plane projection. Because
precise location and elevation data were not available for each well, the altitudes of the well screens could not be
determined exactly, and, therefore, could not be compared directly to aquifer structure-contour maps to determine
the aquifer in which each well is screened. Instead, the depths of domestic wells in each 10,000-foot grid block
were plotted as a histogram, and the percentage of wells screened in each aquifer was estimated visually. To
demonstrate this method, histograms of well depths from two grid blocks in northern Calvert County are shown in
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figure 56. The depths of the Piney Point and Aquia aquifers, based on the land-surface elevation at the center of
each grid block, are also shown. Hydrogeologic units become progressively deeper to the southeast in this area.

In grid block 310.890, most of the domestic wells are between 200 and 450 ft deep, and they were all
assigned to the Aquia aquifer. Some wells appear to be screened below the bottom of the Aquia aquifer; however,
the land-surface elevation at the center of the grid block (33 ft above sea level) is not representative of all wells in
the block, and wells with higher land-surface elevations require greater screen depths to reach the aquifer. Well
depths in grid block 280.920 are nearly all between 200 and 350 ft deep. All of these wells were assigned to the
Piney Point aquifer, although some appear to be screened below the bottom of the aquifer. This discrepancy may
be partially attributable to uncertainties in land-surface elevation (as described for the Aquia aquifer in grid block
310.890). However, some of the wells in this area are actually screened in sandy portions of the lower Nanjemoy
Formation, which is included in the Nanjemoy confining unit in hydrogeologic section D-D' (fig. 7). Achmad and
Hansen (1997) characterize this section in northern Calvert County as a confining bed with minor aquifers, and
indicate cumulative sand thicknesses of up to 30 ft.

This method produces acceptable results in Calvert and St. Mary’s Counties where only the Piney Point and
Aquia aquifers are used for domestic supply and the aquifers are separated by a significant confining unit. In
Charles County, however, the Aquia, Magothy, Upper Patapsco, and Lower Patapsco aquifers are all used, and
they are separated by thin confining units (or in some cases a confining unit may be absent). In this area,
particularly in western Charles County, the depth histograms do not show distinct clusters for each aquifer.
Rather, a conglomerate cluster is displayed over a range of aquifer depths, and more interpretation was required to
determine the fraction of wells in each aquifer than was necessary in Calvert and St. Mary’s Counties.

This method probably provides a good estimate of the proportion of wells in each aquifer for a given area.
However, the method underestimates the total number of domestic wells because many wells were excluded from
the analysis due to missing or erroneous data. The total number of wells for each county was therefore adjusted
based on census data. The U.S. Census of 1990 (U.S. Census Bureau, 1992) includes data on the number of
housing units with domestic wells (the 2000 census omitted this crucial data item) and provides an indirect means
of comparison. The number of domestic wells calculated from the above analysis was tallied for each county
through 1990, and compared to 1990 census data for housing units with private wells. The undercount ratio for
each county was used to adjust 2002 data upward to more realistic numbers.

The number of wells, corrected to census data, was used to estimate domestic pumpage distribution for each
aquifer in each county (figs. 57 to 61). Pumpage for each domestic well was estimated to be 162 gpd by
multiplying average per capita water use (60 gpd) (Andreasen, 2002) by the average household size of 2.7 for the
region. The number of estimated domestic wells for each 10,000-foot grid square is shown by shading the square.
Locations of “delegate wells,” which represent all domestic pumpage within a cell as a single withdrawal in the
flow model, are also shown in figures 57 through 61.

Historical domestic pumpage for the model-calibration periods was estimated using county population
estimates (tab. 4) and the 2002 pumpage distribution. The fraction of 2002 population for 1952, 1984, and 1992
was multiplied by 2002 pumpage amounts to obtain domestic pumpage amounts for each of those years. The
distribution of pumpage, spatially and between aquifers, was assumed to be the same as in 2002.

Future domestic pumpage was estimated in a similar way. The fractional population increase for each
election district (tab. 5) was multiplied by the 2002 domestic pumpage distribution to obtain domestic pumpage
estimates for 2010, 2020, and 2030. As with historical pumpage estimates, the distribution of pumpage spatially
and between aquifers was assumed to be the same as in 2002. Total projected pumpage amounts for each county
are shown in tables 7a-c as Simulation 1.

FLOW-MODEL SIMULATIONS

A ground-water flow model was developed to simulate flow and heads in the major aquifers used in the
Southern Maryland area. Visual Modflow version 2.8.2 (Waterloo Hydrogeologic, Inc., 2000) was used for all
simulations. The hydrogeologic, layered structure of aquifers and confining units was entered into the model,
hydraulic characteristics were assigned to the layers, and boundary conditions were entered at the edges of the
model (fig. 62). The model was calibrated by simulating prepumping and historical pumping conditions, and
matching simulated heads with measured heads. The calibrated model was then used to simulate future ground-
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water heads in response to various pumping scenarios. Estimates of future ground-water pumpage were entered
into the model for stress periods ending in 2010, 2020, and 2030 (tab. 7a-c). Flow and heads were simulated at
the end of each stress period, and heads at critical locations were compared with the 80-percent management
level.

Visual Modflow differs from the original USGS Modflow model in several significant aspects. Visual
Modflow provides many pre-processing and post-processing functions to aid with model setup and analysis.
Also, Visual Modflow requires the user to enter arrays for top and bottom altitudes of all model layers, and
hydraulic conductivity zones for each layer. The model calculates transmissivity and leakance based on layer
thickness and hydraulic conductivity. Thus, transmissivity and leakance are not entered explicitly in Visual
Modflow. Similarly, storage coefficient is not entered explicitly in Visual Modflow; zones of equal specific
storage are entered for each layer, and Visual Modflow calculates storage coefficient from specific storage and
layer thickness.

FLOW-MODEL SETUP
Model Area and Grid

The flow model covers an area of 6,642 mi?, between latitudes 37° 50’ and 39° 00’, and longitudes 76° 00’
and 77° 30" (fig. 1). The model area includes Calvert, Charles, and St. Mary’s Counties, but extends north to
Washington, D.C., east to the Cambridge area, and south and west to include parts of Virginia. The model area
was extended beyond the limits of the study area so that the model boundaries would have minimal effect on
model results in the area of main interest.

The model area was divided into a finite-difference grid with square, regularly-spaced grid cells %2 mi on each
side. The grid was placed in a north/south, east/west orientation, with the horizontal direction (164 columns)
slightly larger than the vertical direction (162 rows).

Boundary Conditions

Boundary conditions were entered at the top, bottom and lateral edges of the model domain (fig. 62). The top
of the model was entered as a specified-head boundary (model layer 1) that provides recharge to deeper aquifer
layers. The estuaries (Chesapeake Bay, the Potomac River and other tidal rivers) were entered as a constant head
at sea level. The water level in these estuaries varies semidiurnally with tidal fluctuations, and in response to
major storm events, but averages around sea level. Eustatic sea-level rise may have a significant effect on the
surficial boundary over a period of centuries, but not in the few decades simulated in the flow model. Titus and
Narayanan (1995) estimate a future sea-level rise of 10 to 12 inches (in.) per century.

The Surficial aquifer (the land portion of the model area) was simulated as a constant-head boundary of the
water-table altitude. The water-table altitude was estimated using a GIS process that incorporated land-surface
elevation and altitudes of perennial streams. The water-table altitude fluctuates seasonally, and from year to year
due to variations in precipitation and evapotranspiration, but over the long term the water table has not shown a
decreasing trend (fig. 10). As future ground-water withdrawal rates approach maximum sustainable levels,
increased head gradients in the confined aquifers may cause declines in the water-table altitude in places, and the
assumption of a constant-head boundary in the Surficial aquifer should be reevaluated with future data. In order
to simulate water-level changes in the Surficial aquifer, it must be simulated as an active model layer, with flux
components (recharge, evapotranspiration, and base flow to streams) entering and leaving the model.

The bottom of the model, which is the Arundel Clay, was represented as a no-flow boundary, assuming that
the thick, low-permeability clay and silt of this unit would not allow significant leakage between the Lower
Patapsco aquifer and the underlying Patuxent aquifer. Andreasen (1999) simulated a leakance value of 1 x 10™%°
ft* for the Arundel confining unit throughout most of Charles County, with some areas ranging up to 9 x 107 ft ™,
Given a thickness of the Arundel of 100 ft, these leakance values yield a range in vertical hydraulic conductivity
of about 1 x 10* to 1 x 10°® feet per day (ft/d). This range is consistent with low-permeability materials such as
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clay, shale, and unfractured metamorphic and igneous rock (Freeze and Cherry, 1979, p. 29; Morris and Johnson,
1967).

The Fall Line was simulated as a no-flow boundary because the Coastal Plain aquifers do not extend
northwest of this line. In areas where an aquifer extends beyond the model edges, the boundary was simulated
with a head-dependent flux boundary (referred to as a General Head Boundary, or GHB). The flux (or ground-
water flow) into or out of the model at this boundary was calculated by the model using conductance and head
values entered at the GHB boundary, and the head calculated within the model domain. Conductance values were
generally entered as 500 ft%d, which allows model heads to differ slightly from heads entered at the boundary.
Heads entered at the GHB boundaries were estimated from potentiometric maps where available, and from
previous modeling studies (Williams, 1979; Mack and Achmad, 1986; Fleck and Vroblesky, 1996) where
potentiometric maps are not available. No-flow boundary conditions were entered where model edges truncate
confining units, because flow is predominantly vertical in the confining units.

Layering Scheme

The vertical section was divided into 11 model layers, in which each major aquifer is represented by a model
layer, alternating with model layers representing confining units (fig. 62). From top to bottom, the layering
scheme comprises the Surficial, Piney Point/Nanjemoy, Aquia, Magothy, Upper Patapsco, and Lower Patapsco
aquifers. The intervening confining units are the Chesapeake, Nanjemoy, Brightseat, Upper Patapsco, and Middle
Patapsco confining units. The Arundel confining unit was designated a no-flow boundary, and neither it nor the
Patuxent aquifer was simulated in this model.

Some aquifers and confining units do not extend throughout the entire model area. However, the model
layers must extend throughout the entire active region of the model to provide vertical flow between hydrologic
units that are present. In areas where a unit thins laterally to zero thickness (and in reality is not present), a
minimum thickness of 1 ft was maintained, the horizontal hydraulic conductivity was assigned a very low value
(1 x 107 ft/d) to prevent horizontal flow, and the vertical hydraulic conductivity was assigned a very high value
(100 ft/d) to allow vertical flow (leakage). This is necessary to allow vertical flow through the model layer, even
where the hydrogeologic unit is absent. In areas where an aquifer undergoes a facies change (the unit is present
but not as an aquifer) the true thickness of the layer was entered, and it was assigned horizontal and vertical
hydraulic conductivity values appropriate for a confining unit.

An altitude array was entered into Visual Modflow for the bottom of each model layer. The top of each layer
was defined by the bottom of the overlying layer. Thickness of each layer was determined in model calculations
by subtracting the altitude of the bottom from the top, and a minimum thickness of 1 ft was specified so that
layers would extend throughout the active model region. Land-surface elevation (or sea level for the estuaries)
was entered to define the top of model layer 1 (the Surficial aquifer). For flow-modeling purposes, the bottom of
the Surficial aquifer was arbitrarily defined as 50 ft below land surface, except where this would put it above the
water table, and cause problems in the initial model run due to “dry cells.” In these areas, the bottom of the
Surficial aquifer was placed 1 ft below the water table, which was simulated as a constant-head boundary.
Because the Surficial aquifer comprises such a wide variety of geologic materials, its hydraulic characteristics are
also extremely variable. However, it was designated a constant-head boundary, not an active model layer, so it
was not necessary to enter hydraulic properties in the flow model.

Time Discretization

The historical (calibration) model simulation ran from 1900 until 2002. Although no pumping records exist
for the period before 1900, the population at that time was only 15 percent of the 2002 population (tab. 4), and
this is considered a prepumping condition. An initial steady-state prepumping stress period was run prior to 1900.
The period 1900 to 2002 was divided into four stress periods, ending at 1952, 1982, 1994, and 2002. These
periods correspond to previous studies that produced potentiometric maps for the region (Otton, 1955; Chapelle
and Drummond, 1983; Achmad and Hansen, 1997). Potentiometric maps for each aquifer were generated by the
flow model at the end of each stress period, and simulated heads at observation wells were compared to measured
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heads for the appropriate time during model calibration. Each stress period was divided into 10 equal time steps,
although heads were not generally evaluated for each time step.

For future scenarios, three stress periods were simulated, starting in 2003 and ending at 2010, 2020, and 2030,
to correspond with population projections. Each stress period was divided into 10 equal time steps, and heads
were calculated at the end of each time step. For each aquifer, potentiometric maps were generated, which show
heads at the end of each stress period.

Pumpage Simulation

Ground-water pumpage was entered in the flow model at discrete points that correspond to well locations.
Pumpage was held constant during each stress period described above. Major-user pumpage was entered for the
location and aquifer of each GAP in the study area, and for the surrounding counties in Maryland. Many GAPs
include multiple production wells, but most of those were simulated as single wells in the model. A few GAPs
include multiple wells that are widely dispersed; for these GAPs, pumpage at individual wells was simulated.
Total major-user pumpage simulated for 2002 was 3.36 mgd, 9.02 mgd and 5.29 mgd for Calvert, Charles, and St.
Mary’s Counties, respectively (tab. 6).

Domestic pumpage was simulated differently than major-user pumpage. There are too many domestic wells
to simulate individually, so “delegate wells” were used to represent pumpage from many individual domestic
wells. The number and distribution of delegate wells were based on the estimated pumpage distribution in
election districts and aquifers shown in table 4 and figures 57 through 61. Each delegate well represents 250
domestic wells pumping 162 gpd each in 2002. The pumping rate was estimated from a per-capita water-use rate
of 60 gpd (Andreasen, 2002) multiplied by an average household size for the region of 2.7. Delegate wells were
placed in such a way as to approximate population centers reliant on domestic supply; more delegate wells were
placed in these areas and fewer were placed in less-populated areas and areas reliant on public-water supply.

For historical (1952, 1982, and 1994) and future (2010, 2020, and 2030) stress periods, the same distribution
of delegate wells was used as in the 2002 stress period. However, the rate of withdrawal at each well was
adjusted to reflect the difference in population from the 2002 population. For historical simulations, the fraction
of the 2002 population for each county (shown in tab. 4) was multiplied by the 2002 withdrawal rate for each
delegate well to obtain withdrawal rates for 1952, 1982, and 1994. For future simulations, the fractional increase
over the 2002 population for each election district in each county (shown in tab. 5) was multiplied by the 2002
withdrawal rate for each delegate well to obtain withdrawal rates for 2010, 2020, and 2030.

Hydraulic Properties

Hydraulic properties were initially entered into the model for aquifers and confining units, and then adjusted
in some cases during model calibration. Properties for each model layer include horizontal hydraulic
conductivity, vertical hydraulic conductivity, and specific storage. Visual Modflow calculates transmissivity from
horizontal hydraulic conductivity and layer thickness; leakance from vertical hydraulic conductivity and
thickness; and storage coefficient from specific storage and thickness.

Effective hydraulic conductivity zones for initial model input were derived from transmissivity, leakance, and
top and bottom structure-contour maps. The effective hydraulic conductivity is an average value for the entire
aquifer thickness, so that when multiplied by the thickness (altitude of the top minus altitude of the bottom of the
aquifer) it yields the transmissivity for the aquifer. The effective hydraulic conductivity is generally lower than
the conductivity of individual sand layers within the aquifer. A GIS process was used to calculate horizontal
hydraulic conductivity distribution for each aquifer throughout the model area according to the equation:

Kpe = T/(t-b) @)
where
Kye = effective horizontal hydraulic conductivity, in ft/d
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T = transmissivity, in ft’/d
t = altitude of the top of the aquifer, in ft
b = altitude of the bottom of the aquifer, in ft

The aquifers were then divided into zones based on ranges of effective hydraulic conductivity.

No data are available for the vertical hydraulic conductivity (K,) of these aquifers, but Freeze and Cherry
(1979) show that core samples of clay show horizontal-to-vertical anisotropy values generally below 10, and
layered sands can exceed 100. A value of 10 for horizontal-to-vertical anisotropy was used to calculate vertical
hydraulic conductivity for all aquifers. Because flow is predominantly horizontal in aquifers, K, is not as
important as horizontal hydraulic conductivity (Ky) in aquifers. Similarly, because flow is predominantly vertical
in confining units, K, is less important than K, in confining units.

Effective horizontal hydraulic conductivity zones for the Piney Point and Aquia aquifers were initially
derived from transmissivity distributions from Achmad and Hansen (1997), and for the Magothy aquifer from
Mack and Mandle (1977). Effective horizontal hydraulic conductivity zones for the Upper Patapsco and Lower
Patapsco aquifers were initially derived from transmissivity distributions shown in the Hydrogeology section of
this report. These zones were revised during calibration of the flow model. Maps showing the final calibrated
distribution of effective horizontal hydraulic conductivity for the five aquifers are shown in figures 63 to 67, and
ranges of calibrated hydraulic conductivity values for each aquifer are summarized in table 8.

Initially, a single value of vertical hydraulic conductivity was entered for each confining unit, then zones with
differing values were created and revised during model calibration. Initial vertical hydraulic conductivity values
were derived for the Chesapeake and Nanjemoy confining units from Achmad and Hansen (1997), and for the
Brightseat confining unit from Mack and Mandle (1977). Initial values for the Upper Patapsco and Middle
Patapsco confining units were derived from Wilson and Fleck (1990), and Andreasen (1999), respectively.

Storage coefficient values for each model layer were calculated by Visual Modflow from layer thickness
(derived from top and bottom altitudes of the aquifer) and zones of specific storage entered in model calibration.
A single value of specific storage was entered for all aquifer and confining unit layers (2 x 10°° ft™).

Critical Locations

Results of model simulations were evaluated by comparing simulated heads with the 80-percent management
levels at critical locations. If the simulated regional head falls below the 80-percent management level at a critical
location, the pumpage that caused the exceedence is considered excessive. Critical locations were selected where
drawdowns are most likely to exceed management levels, or where future pumpage scenarios may cause
significant additional drawdown (fig. 68). The flow model calculated average head values for model cells, each
of which is ¥ mile by % mile and covers an area of ¥ mi>. Heads will be deeper near heavily pumped wells than
model-calculated cell averages. Model-calculated heads near pumping centers are somewhat dependent on grid
spacing; a model with smaller grid cells would average heads over a smaller area than a model with larger cells,
and would simulate heads at pumping wells more accurately.

Regional head is not formally defined in MDE regulations, and is determined on a case-by-case basis.
Because a consistent methodology was needed for this evaluation, the simulated head averaged over an area of %
mi? was considered to represent the “regional head” and was compared with the 80-percent management level.
Trescott and others (1976) present a method for calculating the effective radius from a hypothetical well (i.e., the
distance from the well at which the model-calculated cell head applies). Applying their equation 12, r, = r1/4.81
(where r. is the effective radius and r; is the cell width) yields an effective radius for this flow model of 549 ft.
This calculation indicates that the model-calculated head would apply at a distance of 549 ft from a production
well.

MDE regulations prohibit a well pump from being installed below the top of an aquifer in which the well is
screened, thus preventing the partial dewatering of the aquifer near the production well. This restriction acts as an
additional constraint on withdrawal rates of production wells; however, this constraint can generally be overcome
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by installing additional production wells in a well field, and effectively distributing the drawdown over a larger
area. Because the majority of future pumpage increases will probably be met by installing new production wells,
the top-of-aquifer restriction was not considered to be a constraint on withdrawal amounts.

MODEL CALIBRATION

The ground-water flow model was calibrated by entering historical pumpage for the period 1900 through
2002, running the model using initial estimates of model inputs, and comparing model-calculated heads with
measured heads at the end of each stress period. Based on residuals (the difference between measured and
calculated heads), adjustments were made to model inputs, and the process was repeated until a good match was
obtained between measured and calculated heads. Inputs that were adjusted during model calibration were
primarily horizontal hydraulic conductivity for the aquifers, vertical hydraulic conductivity for the confining
units, and to a lesser extent, lateral flow boundaries. Inputs that were not adjusted during calibration include
storativity, altitude of aquifer tops and bottoms, and altitude of the water table (constant-head boundary in layer
1).

The statistical parameters mean error (ME) and root-mean-square (RMS) were calculated for each aquifer
and each stress period to provide a quantitative assessment of model calibration (tab. 9). The ME is the average
of all residuals (differences between calculated and observed head values) and is calculated as

_1d
ME—HZLHCi _HOiJ’ (8)
i=1
where
ME = mean error, in ft
H¢ = calculated head at observation well i, in ft
H,i = observed head at observation well i, in ft
n = number of observation wells
The ME indicates whether calculated head values are generally too high (positive ME) or too low (negative ME).

The RMS indicates how far calculated values are from observed values, irrespective of the mathematical sign of
the differences, according to the equation

. 2
RMS = —Z(Hq —Hy; J : 9)

where
RMS = root mean square, in ft
H. = calculated head at observation well i, in ft

H.i = observed head at observation well i, in ft

n = number of observation wells
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RMS values are always positive, and lower values indicate a better fit of calculated heads to observed heads than
higher values.

Although model results were evaluated at the end of each stress period (1900, 1952, 1982, 1994, and 2002),
greater weight was given to the last stress period. More head measurements were available for this period, and
pumpage data were considered more reliable than for previous periods. Figures 69 through 73 show simulated
prepumping heads for the five modeled aquifers. The simulated prepumping head distributions were used to
develop the 80-percent management surfaces shown in figures 44 through 48. The simulated prepumping
potentiometric surface in the Piney Point aquifer (fig. 69) ranges from sea level near the Potomac and Patuxent
Rivers and the Chesapeake Bay to about 80 ft above sea level near the updip truncation of the aquifer. This
pattern of high heads in areas of high surface elevation and low heads in areas of low surface elevation is a
subdued form of the water-table configuration, and indicates an influence of the water table on heads in the Piney
Point aquifer. The simulated prepumping potentiometric surface in the Aquia aquifer (fig. 70) ranges from about
sea level near the Potomac River to more than 70 ft above sea level in some parts of the outcrop area. The
simulated prepumping potentiometric surface in the Magothy aquifer (fig. 71) ranges from about 20 ft above sea
level near the Chesapeake Bay to more than 120 ft above sea level near the outcrop area. The simulated
prepumping potentiometric surfaces in the Upper and Lower Patapsco aquifer (figs. 72 and 73) are similar, and
each ranges from about 20 ft in southern St. Mary’s County to over 120 ft above sea level in Prince George’s
County.

Simulated water levels are compared with observed water levels through time for 12 observation wells in
figure 74. Water-level trends are simulated closely in most observation wells for the available periods of record.
Simulated water levels at well CA Gd 6 in southern Calvert County are significantly lower than observed water
levels for the 1952 and 1982 calibration times, perhaps because of inaccuracies in estimated pumpage for those
time periods. Simulated heads are compared with all observed heads for 2002 in figure 75 for each of the
modeled aquifers, and for the model as a whole. The dashed line in each plot represents a “perfect-fit line”; if a
simulated head matches an observed head exactly, it would fall on this line. Simulated heads greater than
observed heads plot above this line, and simulated heads less than observed heads fall below this line. If
simulated heads are generally higher than observed heads, the mean error (tab. 9) would be positive. Data points
are distributed fairly evenly about the “perfect-fit line” for all aquifers, and for the model as a whole, which is
reflected in mean error values close to zero for all aquifers (tab. 9). The greater degree of scatter about the
“perfect-fit line” for the Lower Patapsco aquifer is reflected in the relatively high RMS value shown in table 9.

Figures 76 through 80 show simulated heads as potentiometric contour lines and measured water levels at
observation wells for 2002. Calibration is considered good for the Aquia and Magothy aquifers. These aquifers
are fairly homogeneous, and can be easily characterized by model layers. The RMS for these aquifers was 9.1 ft
and 7.5 ft, respectively, for the final stress period of model calibration (2002) (tab. 9). The mean error for these
aquifers was 2.7 ft and 1.2 ft for the same stress period. Calibration is considered fair for the Piney Point aquifer,
which does not have as extensive data coverage as the Aquia and Magothy aquifers. The RMS and ME for the
Piney Point aquifer were 12.0 and 1.9 ft, respectively, for 2002. Simulated heads in northern Calvert County are
fairly deep due to numerous domestic wells in the area tapping the Piney Point aquifer. Although no observed
water levels were available during model calibration, a subsequent measurement of 18 ft below sea level in
October, 2005 (David Andreasen, Maryland Geological Survey, written commun., 2006) indicates that heads are
not as deep as simulated. In addition, heads near well SM Ef 89 near Great Mills in St. Mary’s County, were
difficult to calibrate. The anomalously high withdrawal rate of that well could not be simulated with
transmissivity values reported in the study area. Vertical hydraulic conductivity of the overlying confining unit in
this area was increased to allow greater vertical leakage from the Surficial aquifer.

Calibration is also fair for the Upper Patapsco and Lower Patapsco aquifers. Sparse data are available for
these aquifers in many parts of the study area, and existing data indicate that the aquifers are extremely variable,
with significant vertical and lateral heterogeneities. The variability of these aquifers makes them difficult to
characterize as model layers in a study of this scale. The RMS for the final stress period was 10.5 and 16.7 ft for
the Upper Patapsco and Lower Patapsco aquifers, and the mean error was —1.0 and —3.4, respectively. Residuals
(differences between measured and simulated heads at observation wells) range as high as 24 ft in the Upper
Patapsco aquifer, and 39 ft in the Lower Patapsco aquifer. Numerous adjustments of horizontal hydraulic
conductivity were necessary to calibrate these two layers. Some adjustments in the vertical hydraulic
conductivity zones of overlying confining units were also necessary for calibration. Although the model may not
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accurately simulate measured heads at some individual wells, it is considered suitable to characterize the regional
flow system, and to evaluate the production capabilities of the aquifer system.

Sensitivity Analysis

A sensitivity analysis was performed on the calibrated flow model to determine the inputs with greatest
influence on model behavior. Additionally, the sensitivity analysis indicates the degree of error in output that
could be caused by inaccuracies in model input. The sensitivity analysis was performed by globally changing a
single model input, within the reasonable range of values for the input, and noting the change in mean error and
root-mean-square (tab. 10). Each input was increased by two levels and decreased by two levels, and the results
plotted in graphs shown in figure 81. Model inputs that were included in the sensitivity analysis are K, K,
specific storage (Ss), heads at lateral boundaries (Hp), conductance at lateral boundaries (Cyp), and heads at the
constant-head boundary in the Surficial aquifer (H.). Values for Ky, Ky, Ss, and C, were each increased by 50
percent and 100 percent, and decreased by 25 percent and 50 percent. Values for H, and H. were increased by 2 ft
and 5 ft, and decreased by 2 ft and 5 ft.

The sensitivity analysis indicates that the flow model is most sensitive to K,. When K}, was decreased by 50
percent, the RMS for the entire model increased from 11.0 to 43.3, and the mean error decreased from 0.6 to
-26.5. When K, was increased by 100 percent, the RMS increased to 27.5, and the mean error increased to 18.9.
The flow model is moderately sensitive to K,. When K, was decreased by 50 percent, the RMS increased to 26.3,
and the mean error decreased to -18.8. When K, was increased by 100 percent, the RMS increased to 23.8, and
the mean error increased to 17.6. The model was relatively insensitive to S, H, and H..

Mass Balance

Flux components for the flow model were calculated to determine the relative quantities of water entering and
leaving the flow model, and to ensure that these fluxes do not exceed reasonable amounts. Model boundaries can
supply an infinite amount of water to the model domain, and if these quantities are unrealistic, results will not be
accurate. Calculations of flux components were made for the entire model area, at the end of each stress period,
and summarized in table 11.

Mass-balance calculations show that in the prepumping period, the majority of water entered the model
domain from the constant-head boundary in model layer 1 (2.1 million cubic feet per day [ft}/d], or 78 percent of
total flux), with the rest entering from lateral boundaries (22 percent). As pumpage increased through 2002, water
entering the model from the constant-head boundary increased to 4.7 million ft*/d, although the percentage of total
flux decreased to 65 percent. Water entering the model from the lateral boundaries increased to 1.9 million ft*/d,
and the percentage increased to 26 percent. Water influx from storage increased from zero to 9 percent from 1900
to 2002. No water entered the model from wells, because all were withdrawal wells, with no injection wells.

Most water also left the model domain (outflux) during the prepumping period through the constant-head
boundary (1.7 million ft*/d, or 64 percent) with some water leaving the model through the lateral boundaries (0.9
million ft*/d, or 35 percent). Pumpage from wells increased to 5.8 million ft*/d in 2002, which was the major
outflux component, with 81 percent of the total. Outflux for the constant-head boundary decreased to 0.3 million
ft*/d (4 percent of total outflux), and outflux through the lateral boundaries increased slightly to 1.1 million ft*/d,
but the percentage of total outflux decreased to 15 percent. Water exiting the model domain to storage was
insignificant throughout the simulations.

Flow components for individual aquifers simulated in the flow model are shown in table 12. Values are
shown for recharge (water entering the aquifer directly from the Surficial aquifer), leakage through the overlying
confining unit, leakage through the underlying confining unit, pumpage, storage, flow through the lateral model
boundaries (general head boundaries) and other components (primarily water entering or leaving the aquifer
where it is laterally truncated). Table 12 shows that under prepumping conditions water generally enters the
confined aquifers as recharge and leakage from underlying units; and leaves the aquifers as leakage to overlying
units, and through lateral boundaries. Under pumping conditions most water enters the confined aquifers as
leakage through the overlying confining units. Although in most of these aquifers water can directly enter from
the outcrop area as recharge, downward leakage is applied over a much larger area, and is the predominant
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component of inflow. Some water also enters the aquifers under pumping conditions through the lateral
boundaries. Although storage is not actually inflow to the aquifers, the flow model treats it as a water source
during pumping conditions. In the pumping scenarios, most water leaves the aquifers as pumpage, but some
water also leaves most aquifers (except the Lower Patapsco aquifer, which is underlain by a no-flow boundary) as
leakage to underlying units.

Flux calculations were also made for 2002 conditions in small (1 mi?), selected areas to ensure that water is
not entering the model domain from the constant-head boundary in unreasonable amounts. This flux represents
recharge to the confined aquifer system from the Surficial aquifer. No actual measurements of flux are available
to compare directly to model-calculated values, so flux values were compared to average precipitation for the
area. Significant amounts of water that enter the Surficial aquifer as precipitation are removed as base flow to
streams and evapotranspiration, so recharge flux should be well below average precipitation. Locations of zones
(fig. 82) were chosen in areas where flux rates are expected to be highest, and in some typical areas for
comparison.

Flux rates for the 13 selected zones range from 0.1 to 10.7 inches per year (in/yr) (fig 82). The maximum
flux rate, near Bowie in Prince George’s County, is about 22 percent of average precipitation recorded at
Mechanicsville (47.52 in/yr near Charlotte Hall in northern St. Mary’s County). For comparison, precipitation at
Mechanicsville in 2002, a severe drought year, was 38.78 in/yr, or an 18-percent reduction from average yearly
precipitation. Although the maximum flux is on the same order as average precipitation for the area, most fluxes
are much lower, and indicate that recharge flux rates for the model do not exceed reasonable limits.

Remaining Available Drawdown in 2002

Figures 83 through 87 show maps of simulated remaining available drawdown for 2002 for each of the
modeled aquifers. Remaining available drawdown is the amount of drawdown that remains above the 80-percent
management level for a given aquifer (fig. 43), based on simulated potentiometric surfaces. Negative values
indicate that the simulated heads are below the 80-percent management level. The 80-percent management
regulation is not applied in areas in the vicinity of an aquifer’s outcrop.

Remaining available drawdown in the Piney Point aquifer (fig. 83) ranges from no remaining drawdown in
northern Calvert County to about 240 ft in southern St. Mary’s County. As discussed in the Model Calibration
section, simulated heads are probably too deep in this area, and there is probably more remaining available
drawdown than indicated in this simulation. In the Aquia aquifer, remaining available drawdown in 2002 (fig.
84) ranges from no remaining drawdown near Waldorf to 380 ft in southern St. Mary’s County. No measured
water levels were available for model calibration near Waldorf, and simulated heads may be too low in this area.
The Aquia aquifer is not generally used for water supply in this area, and the relatively deep water levels
simulated in the Aquia aquifer are caused by downward leakage to the Magothy aquifer. The Magothy aquifer is
pumped heavily in this area with heads as deep as 115 ft below sea level. Simulated remaining available
drawdown in the Magothy aquifer (fig. 85) ranges from 0 ft near the outcrop area to about 470 ft in eastern
Calvert County. Remaining available drawdown in the Upper Patapsco aquifer (fig. 86) ranges from no
remaining drawdown near Indian Head (near the outcrop area) to 550 ft in eastern Calvert County. Remaining
available drawdown in the Lower Patapsco aquifer (fig. 87) ranges from 30 ft near Indian Head to about 1,100 ft
in southeastern Calvert County.

FUTURE PUMPAGE SCENARIOS

A series of eight major pumpage scenarios was developed that incorporates estimates of future pumpage
derived from population projections, planned areas of growth, and hypothetical new users. The pumpage
scenarios are summarized in table 13. Four of the pumpage scenarios included ranges of pumping conditions.
Hypothetical new pumping centers were added in some scenarios to evaluate the impact of additional major
withdrawals. All pumpage scenarios were simulated with the calibrated flow model, and the results were
evaluated in terms of the 80-percent management level at critical locations in the study area. All scenarios
simulate the time period 2003 through 2030. Pumpage was entered for an 8-year period, 2003 to 2010, and two
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10-year periods, 2011 to 2020, and 2021 to 2030. Pumpage was held constant during each of these stress periods,
and heads were calculated at the end of each period.

Results of the simulations are presented in several ways. Potentiometric surface maps show simulated water
levels at the end of a stress period for a specific aquifer, similar to measured potentiometric-surface maps for
historical time periods. Drawdown maps show the difference in water levels from the 2002 potentiometric
surface to the relevant simulated time period. Simulated head at a specified location may be derived by
subtracting the drawdown from the 2002 potentiometric surface at that location. Positive drawdowns indicate
declining water levels, and negative drawdowns indicate recovering water levels. Remaining-available-
drawdown maps show the amount of drawdown that remains above the 80-percent management level at a given
time. Negative values of remaining available drawdown indicate that the simulated water level is below the
management level, and there is no remaining available drawdown.

Results of future model simulations were also evaluated by comparing simulated heads with management
levels at critical locations. If the simulated regional head falls below the 80-percent management level at a critical
location, the pumpage that caused the exceedence is considered excessive. Critical locations were selected where
drawdowns are most likely to exceed management levels, or where future pumpage scenarios may cause
significant additional drawdown. These locations are shown in figure 68, and information for each location is
shown in table 14, including the 80-percent management level, simulated prepumping head and the altitude of the
top of the aquifer used to calculate management level. Critical locations were chosen at the centers of major
cones-of-depression, hypothetical new production wells, and one area in northern Calvert County where
numerous domestic wells in the Aquia aquifer have reduced the potentiometric surface without forming a typical
cone-of-depression. Withdrawals would be considered excessive if they are predicted to cause water levels to
exceed the management level, and alternative pumpage distributions should be sought.

Tables 15 and 16 show simulated heads and remaining available drawdown, respectively, for each scenario
for 2030, at each critical location. Where simulated drawdown exceeds the management level (remaining
available drawdown is negative), the value is indicated with an asterisk, and, where it exceeds the top of the
aquifer, it is indicated with a dagger. MDE prohibits the placement of a well pump below the top of the aquifer in
which the well is screened, which prevents water levels from actually falling below the top of the aquifer.

Pumpage was increased for future scenarios only for domestic and public-supply wells within the study area
(tab. 7a-c). Other major users within the study area and all users outside the study area were held at 2002
withdrawal rates, which may cause underestimates of drawdown in future simulations. In addition, the general-
head boundaries at the lateral edges of the model, which approximate pumpage outside the model area, were also
held at 2002 head conditions. Underestimates would probably be greatest near areas of adjacent counties that are
likely to experience high growth rates in the next several decades. Additional model simulations could be
performed to estimate the effect of future pumpage increases outside the study area on water levels within the
study area.

The first simulation (Scenario 1) represents “base conditions”, and simulates the most likely set of conditions
without shifting pumpage to deeper aquifers. Each subsequent simulation is a variation of the base conditions,
and incorporates a change in a single aspect of future conditions. The results of the subsequent simulations can be
compared to the results of Scenario 1 to evaluate the relative effects of the range of possible future conditions.

In addition to the eight major pumping scenarios, a preliminary simulation (Scenario 0) was run in which
2002 pumpage was continued unchanged from 2003 through 2030. This simulation indicates the future residual
drawdown that would occur even if pumpage were not increased above 2002 levels.

Scenario 1

Scenario 1 represents pumpage increases to accommodate projected population increases through 2030
without making major changes to the water-production infrastructure. Pumpage at domestic “delegate” wells (an
explanation of delegate wells is provided in the Pumpage Simulation section) and public-supply production wells
was increased proportionate to population projections for each county election district. Pumpage at all other
major users (commercial, agricultural, and military) within the study area, as well as all pumpage outside the
study area, was held constant at 2002 rates. Boundary conditions at the top of the model (constant head for the
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water-table aquifer and estuaries) and sides of the model (general head at the lateral boundaries) also were held at
2002 levels.

Results of Scenario 1 for 2030 are shown in figures 88 through 102, and summarized in tables 15 and 16.
Figures 88 through 92 show the simulated potentiometric surfaces of the five major aquifers in Southern
Maryland based on the conditions outlined for Scenario 1, and figures 93 through 97 show drawdowns for the
simulation period 2003 to 2030. Figures 98 through 102 show simulated remaining available drawdown in 2030
for each aquifer.

Heads in the Piney Point aquifer decline to as much as about 60 ft below sea level in central St. Mary’s
County and more than 100 ft below sea level near Prince Frederick in Calvert County, primarily due to increases
in domestic pumpage in those areas (fig. 88). Drawdowns are as much as about 20 ft in central St. Mary’s County
and 50 ft in central Calvert County. About 74 ft of drawdown is still available at Town Creek in St. Mary’s
County (critical location 26). Figure 98 shows an area in northern Calvert County where drawdown in the Piney
Point aquifer exceeds the management level by 40 ft and remaining available drawdown is negative. As
discussed in the Model Calibration section, simulated heads are probably too deep in this area, and there is
probably more remaining available drawdown than indicated in this simulation.

In the Aquia aquifer, the cone-of-depression centered at Lexington Park (critical location 19) has deepened to
almost 250 ft below sea level, which is about 60 ft deeper than in 2002 (fig. 89). About 109 to 117 ft of available
drawdown remains as of 2030 at the center of the cone-of-depression. At Prince Frederick (critical location 3),
head has declined to about 120 ft below sea level, with 141 ft of remaining available drawdown. In eastern
Charles County and northern St. Mary’s County, heads in the Aquia aquifer have declined to 100 ft below sea
level, due to increased domestic pumpage and leakage to the underlying Magothy aquifer. Figure 99 indicates
that drawdown in the Aquia aquifer exceeds the management level by more than 100 ft in the Waldorf area,
(remaining available drawdown is negative) due to leakage downward into the Magothy aquifer. The area where
drawdown exceeds the 80-percent management level is within 10 mi of the outcrop area, and it is unclear whether
the 80-percent management criterion would apply here. The Aquia aquifer is not generally used for water supply
in this area, and no observation wells in the Aquia aquifer were available for model calibration. Remaining
available drawdown in the Aquia aquifer ranges up to about 380 ft in southern St. Mary’s County.

In the Magothy aquifer, head has declined to as much as 215 ft below sea level in the Waldorf area (critical
location 12) by 2030 (fig. 90). This drawdown exceeds the 80-percent management level by nearly 40 ft (tab. 16).
This drawdown is caused by a population increase of nearly 100 percent in central Charles County (tab. 5) and
corresponding increase in public-supply pumpage. It should be noted that MDE has imposed a cap of 2.87 mgd
on ground-water withdrawals from the Magothy aquifer in the Waldorf area, and would not allow the increases
simulated in this scenario. Remaining available drawdown in the Magothy aquifer ranges from below zero in the
Waldorf area to about 450 ft in eastern Calvert County (fig. 100).

A drawdown of 80 ft has reduced heads in the Upper Patapsco aquifer to about 195 ft below sea level in the
cone-of-depression centered near La Plata (critical location 10) (fig. 91). This leaves only about 10 ft of
remaining available drawdown at this site. In the Lexington Park area (critical location 27), a small cone-of-
depression has formed in the Upper Patapsco aquifer, which is 81 ft below sea level by 2030, caused by increased
pumpage at the Lexington Park water system. The cone-of-depression centered at Waldorf reaches southeast to
the Lexington Park area, and indicates some drawdown there. The management level is about 450 ft below sea
level at Lexington Park, so there is still 370 ft of available drawdown in 2030. The cone-of-depression centered at
Waldorf also extends northwest to the Potomac River and the outcrop/recharge area of the Upper Patapsco
aquifer. This may produce undesirable consequences such as a declining water table and river-water intrusion.
Remaining available drawdown in the Upper Patapsco aquifer ranges from about —150 ft in the Indian Head area
to about 550 ft in eastern Calvert County (fig. 101).

In the Lower Patapsco aquifer, increased public-supply withdrawals in central Charles County have caused
drawdowns of 140 ft between 2002 and 2030 in the cone-of-depression in the Waldorf-La Plata area (critical
location 14) (fig. 97). Heads have declined to 315 ft below sea level at the deepest part of the cone, although 281
ft of available drawdown remain there in 2030 (tabs. 15 and 16). Farther northwest in the Indian Head area
(critical location 13), heads have declined to 166 ft below sea level, which is 37 ft below the management level,
and at the top of the aquifer. However, simulated heads are probably too deep there because simulated
withdrawals from the military base at Indian Head are concentrated in one model cell, whereas in reality they are
distributed over a larger area. The simulated cone-of-depression in the Lower Patapsco aquifer extends northwest
beyond the Potomac River to the outcrop/recharge area of the aquifer. As in the Upper Patapsco aquifer, this may
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produce undesirable consequences such as a declining water table and river-water intrusion. Remaining available
drawdown in the Lower Patapsco aquifer ranges from -100 ft in Washington, D.C. to about 1,060 ft in eastern
Calvert County (fig. 102).

Scenario 2

Scenario 2 incorporates additional increases of pumpage within the study area to account for possible
underestimates in future withdrawal rates. Scenario 2a increases all pumpage within the study area by 10 percent
over pumpage in Scenario 1, and Scenario 2b increases pumpage by 20 percent over pumpage in Scenario 1.
Pumpage outside the study area but within the model area was held constant at 2002 rates.

Results for Scenario 2 are similar to Scenario 1, but drawdowns are greater in all five aquifers. For example,
drawdowns for 2002 to 2030 in Scenario 2b are greater than 40 ft in the Piney Point aquifer at Lexington Park
(fig. 103), and 100 ft in the Aquia aquifer at Lexington Park and central Charles County (fig. 104). Simulated
heads in the Piney Point aquifer exceed the management level in northern Calvert County in Scenario 2, but are
probably too deep, as discussed for Scenario 1. Management levels are not exceeded in the Aquia aquifer in this
scenario, although only 42 ft of available drawdown remains at Charlotte Hall in the Aquia aquifer (critical
location 23). In the Magothy aquifer, drawdown for 2002 to 2030 is greater than 160 ft at Waldorf (critical
location 12), and the management level is exceeded by over 90 ft (fig. 105; tab. 16). Water levels are below the
top of the Magothy aquifer in this simulation (tabs. 15 and 16). In the Upper Patapsco aquifer, drawdown
between 2002 and 2030 is greater than 100 ft in the La Plata area (critical location 10) (fig. 106), and the
management level is exceeded by 30 ft (tab 16). In the Lower Patapsco aquifer, drawdown for 2002 to 2030 is
greater than 200 ft in the Waldorf-La Plata area (fig. 107), and remaining available drawdown at Bensville
(critical location 15) is 77 ft. The management level at Indian Head (critical location 13) is exceeded by 72 ft, and
the water level is below the top of the Lower Patapsco aquifer there.

Scenario 3

Scenario 3 represents decreases of pumpage within the study area to account for possible overestimates in
future withdrawal rates. Scenario 3a decreases pumpage within the study area by 10 percent from pumpage in
Scenario 1, and Scenario 3b decreases pumpage by 20 percent from pumpage in Scenario 1. Pumpage outside the
study area but within the model area was held constant at 2002 rates.

In Scenario 3, heads in all five aquifers are shallower than in Scenario 1. In the Piney Point aquifer,
drawdown for 2002 to 2030 is about 5 ft at Lexington Park and about 15 ft in northern Calvert County in Scenario
3b (fig. 108). Drawdown in the Aquia aquifer is about 10 ft at Lexington Park (fig. 109), and in the Magothy
aquifer, about 50 ft at Waldorf for Scenario 3b (fig. 110). Drawdown in the Upper Patapsco aquifer is about 40 ft
at La Plata for Scenario 3b (fig. 111). In Scenario 3a (10-percent decrease in projected pumpage), drawdown
exceeds the management level by 20 ft in the Lower Patapsco aquifer at Indian Head, and by 12 ft in the Magothy
aquifer at Waldorf. In Scenario 3b (20-percent decrease in projected pumpage), drawdown exceeds the
management level only at Indian Head, and only by 2 ft (fig. 112, tab. 16).

Scenario 4

In Scenario 4, all major users are pumping at their “average GAP rates.” The average GAP rate is the greatest
pumping rate, averaged over an entire year, allowed under the permit as regulated by MDE. Domestic pumpage
increases with population growth, as in Scenario 1. The average GAP rate is generally lower than the “maximum
GAP rate,” which is the maximum rate allowable for the month of greatest withdrawals. Although the average
GAP rate is greater than 2002 pumpage for most users, the average GAP rate is exceeded by many users in some
future scenarios. This indicates that either GAP rates of existing users would have to be increased to
accommodate future population growth, or permits would need to be issued for new users.
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In Scenario 4, heads are shallower at most locations than in Scenario 1 because the average GAP withdrawal
amounts are generally less than necessary to accommodate future population projections simulated in Scenario 1.
Drawdown in the Piney Point aquifer for 2002 to 2030 is slightly less in St. Mary’s County than in Scenario 1, but
nearly identical in Calvert County (figs. 93, 113). Drawdown in the Aquia aquifer is only about 20 ft at
Lexington Park and 40 ft in Charles County (fig. 114). Drawdown in the Magothy aquifer is only about 40 ft at
Waldorf, far less than in Scenario 1 (figs. 95, 115). Drawdown in the Upper Patapsco aquifer is about the same as
in Scenario 1 (figs. 96, 116), and in the Lower Patapsco aquifer, drawdown is about 100 ft in the Waldorf-La
Plata area, as opposed to 140 ft in Scenario 1 (figs. 97, 117). Drawdown at Indian Head exceeds the management
level by 87 ft, and the head is below the top of the Lower Patapsco aquifer.

Scenario 5

Scenario 5 represents a shift of pumpage in public-supply wells from shallower aquifers to deeper aquifers in
order to reduce the decline of water levels in the shallower aquifers near major population centers. This shift
would also help reduce reliance on the Aquia aquifer in locations where arsenic concentrations exceed the MCL
of 10 pg/L. Scenario 5a represents a 25-percent shift of public-supply pumpage from the Aquia aquifer to the
Upper Patapsco aquifer in Calvert and St. Mary’s Counties, and a 25-percent shift of public-supply pumpage from
the Magothy aquifer to the Lower Patapsco aquifer in Charles County. Pumpage for other major users in the
study area and domestic pumpage is the same as in Scenario 1, as these users are not likely to incur the expense of
constructing new, deeper wells. Scenario 5b represents a shift of 50-percent of public-supply pumpage from the
Aquia aquifer to the Upper Patapsco aquifer in Calvert and St. Mary’s Counties, and a 50-percent shift of public-
supply pumpage from the Magothy aquifer to the Lower Patapsco aquifer in Charles County.

In Scenario 5b, maximum drawdown for 2002 to 2030 in the Piney Point aquifer is only about 40 ft in Calvert
County, and near zero elsewhere (fig. 118). Drawdown for 2002 to 2030 in the Aquia aquifer is about 30 ft in
northern St. Mary’s County, but heads have recovered (negative drawdown) by about 10 ft in the Lexington Park
and Solomons area (fig. 119). In the Magothy aquifer, drawdown for 2002 to 2030 is only about 20 ft in northern
St. Mary’s and Charles Counties (fig. 120). Drawdown does not exceed the management level in 2030, but only
65 ft of available drawdown remains at Waldorf. In the Upper Patapsco aquifer, drawdown for 2002 to 2030 is
120 ft in the Waldorf-La Plata area, and the management level is exceeded by about 15 ft at La Plata (fig. 121, tab
16 ). A cone-of-depression has formed in the Lexington Park area (critical locations 20, 22, and 27) that is 113 ft
below sea level, mainly due to the shift of pumpage from the Aquia aquifer to the Upper Patapsco aquifer. In the
Lower Patapsco aquifer, drawdown for 2002 to 2030 is 220 ft in the Waldorf-La Plata area (fig. 122). The
management level is not exceeded in this area, but at Indian Head, it is exceeded by about 50 ft, and the water
level is below the top of the Lower Patapsco aquifer. At Bensville, about 86 ft of available drawdown remains in
2030. Results for Scenario 5a fall between results for Scenarios 1 and 5b. About 13 ft of available drawdown
remains at Waldorf (critical location 12). Drawdown in the Upper Patapsco aquifer at La Plata only exceeds the
management level by about 3 ft. Drawdown at Indian Head exceeds the management level by 43 ft, and is below
the top of the Upper Patapsco aquifer.

Scenario 6

Scenario 6 represents the addition of six public-supply wells (or well fields) at new locations, two in each
county. The location, pumpage rate, and aquifer for each well were determined in conjunction with county
planning officials, and are shown in table 17. The new wells were located within 1 mi of existing public water-
distribution areas to avoid construction of new distribution infrastructure. Locations of the hypothetical wells are
shown in figure 68, and model results are summarized in tables 15 and 16 as critical locations 8 and 9 in Calvert
County, 17 and 18 in Charles County, and 29 and 30 in St. Mary’s County. These new pumpage centers represent
additional withdrawals over the rates simulated in Scenario 1. The pumping rate at each site was held constant
throughout the entire simulation. Pumpage rates at all other sites were identical to those in Scenario 1.
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In Scenario 6, simulated drawdowns for 2002 to 2030 are nearly identical to drawdowns in Scenario 1 for the
Piney Point, Aquia, and Magothy aquifers (figs. 123, 124, and 125). Drawdown in the Upper Patapsco aquifer is
100 ft near La Plata, and about 40 ft near Prince Frederick (fig. 126). Increased pumpage in the Upper Patapsco
aquifer in Calvert and St. Mary’s Counties and increased leakage to the Lower Patapsco aquifer in Charles
County cause drawdown to slightly exceed the management level for 2030 in the Upper Patapsco aquifer at La
Plata (10 ft of available drawdown remained in Scenario 1). Management levels are also exceeded by 40 ft at
Waldorf in the Magothy aquifer. Drawdown in the Lower Patapsco at Waldorf has increased to 160 ft in this
simulation (fig. 127). Drawdown exceeds the management level by 43 ft at Indian Head in the Lower Patapsco
aquifer.

Scenario 7

Scenario 7 simulates increases in pumpage at the NAS (Naval Air Station) Patuxent River. Because of
uncertainties in growth at military facilities, pumpage was increased by 10 percent (Scenario 7a), and 20 percent
(Scenario 7b) over 2002 rates. Locations of pumping centers within the facility, and aquifers pumped, were kept
the same as in Scenario 1, which simulated 2002 conditions through 2030. All pumpage at the NAS Patuxent
River was from the Piney Point and Aquia aquifers in 2002, so this simulation did not include a shift in pumpage
to the Upper Patapsco aquifer. The naval base will likely shift some pumpage to the Patapsco aquifer in the
future.

In Scenario 7b, drawdown is about 70 ft in the Aquia aquifer at NAS Patuxent River, near Lexington Park, or
about 6 ft greater than in Scenario 1 (fig. 129). Elsewhere in the Aquia aquifer, and in all other aquifers,
drawdowns are nearly identical to those in Scenario 1 (figs. 128, 130, 131, and 132).

Scenario 8

Scenario 8 represents the addition of three major users, one in each county, at new, hypothetical locations.
The location, pumpage rate, and aquifer for each well were determined in conjunction with county planning
officials, and are shown in table 17. Locations of the hypothetical wells are shown in figure 68, and model results
are summarized in tables 15 and 16 as critical location 7 in Calvert County (Huntingtown), 16 in Charles County
(Billingsley Road landfill), and 28 in St. Mary’s County (EIms Property). The pumping rate at each site was held
constant throughout the entire simulation. Pumpage rates at all other sites were identical to those in Scenario 1.

In Scenario 8, drawdowns in the Piney Point, Aquia, and Magothy aquifers are nearly the same as in Scenario
1 (figs. 133, 134, and 135). Additional drawdown in the Upper Patapsco aquifer is 66 ft at the EIms Property in
St. Mary’s County (fig. 136). Additional drawdown in the Lower Patapsco aquifer is 49 ft at Huntingtown in
Calvert County (fig. 137). There are no significant effects elsewhere in those counties. In Charles County,
however, the hypothetical major user is located at the Billingsley Road landfill near other critical locations in the
Waldorf-La Plata area, and causes additional drawdowns at some of those locations. Additional drawdown over
Scenario 1 at the hypothetical major user at the Billingsley Road landfill is about 77 ft in the Lower Patapsco
aquifer, and remaining available drawdown is 383 ft. Additional drawdown at the other critical locations in
Charles County range up to 30 ft at Barrington Drive and at Waldorf, both in the Lower Patapsco aquifer.
Addition of the hypothetical users causes drawdown to exceed the management level slightly (0.2 ft) in the Upper
Patapsco aquifer at La Plata.

DISCUSSION OF RESULTS

Results of the future pumpage simulations indicate that drawdowns in Calvert and St. Mary’s Counties will
not exceed the 80-percent management level under any of the scenarios considered in this study. Charles County,
however, cannot supply the required water in 2030, given the simulated scenarios, without drawdowns exceeding
80-percent management levels at some locations. Future pumpage may also cause significant drawdown near the
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outcrop/recharge areas of the Upper Patapsco and Lower Patapsco aquifers in northwestern Charles County.
Although the flow model used in this study cannot accurately simulate hydrogeologic conditions in the shallow
subsurface of the outcrop areas, large increases in pumpage rates in well fields fairly close to the outcrop areas
have the potential to cause detrimental effects.

In Calvert County, projected ground-water demand could be met without shifting withdrawals from the Aquia
aquifer to deeper aquifers (Scenario 1). In this scenario, the deepest simulated head for 2030 is about 200 ft
below sea level near Solomons, and the lowest remaining available drawdown is 141 ft at Prince Frederick (both
in the Aquia aquifer). Even a 20-percent increase above the likely increase in ground-water withdrawals does not
cause drawdowns to exceed management levels. Shifting 25 percent of public-supply withdrawals from the
Aquia aquifer to the Upper Patapsco aquifer (Scenario 5a) increases remaining available drawdown at Prince
Frederick to 157 ft, and shifting 50 percent (Scenario 5b) increases remaining available drawdown at Prince
Frederick to 173 ft (about 31 ft more available drawdown than in Scenario 1). Increased withdrawals in the
Upper Patapsco and Lower Patapsco aquifers in Calvert County in Scenarios 5a and 5b contribute minimally to
drawdowns near the outcrop area in Charles County.

In St. Mary’s County, projected ground-water demand could also be met without shifting withdrawals from
the Aquia aquifer to the deeper Patapsco aquifers (Scenario 1). In this scenario, the deepest simulated regional
head for 2030 is about 248 ft below sea level in the Aquia aquifer at Lexington Park, and the lowest remaining
available drawdown is 71 ft (in the Aquia aquifer) at Charlotte Hall. A 20-percent increase in ground-water
withdrawals (Scenario 2b) does not cause drawdowns to exceed management levels. Shifting 25 percent of
public-supply withdrawals from the Aquia aquifer to the Upper Patapsco aquifer (Scenario 5a) increases
remaining available drawdown at Charlotte Hall to 83 ft, and shifting 50 percent (Scenario 5b) increases
remaining available drawdown at Charlotte Hall to 96 ft. Increased withdrawals in the Upper Patapsco aquifer in
St. Mary’s County in Scenarios 5a and 5b contribute minimally to drawdowns near the outcrop area in Charles
County.

In Charles County, the proximity of the major pumping centers to the outcrop/recharge areas of the Patapsco
aquifers and the relatively shallow depth of the aquifers limit their productive capabilities. Withdrawals from the
Magothy aquifer in the Waldorf area cannot be increased significantly above 2002 amounts without lowering
heads below management levels. Withdrawals from the Upper Patapsco aquifer in this area can be increased
above 2002 amounts (there was 10 ft remaining available drawdown in Scenario 1) but probably not enough to
accommodate a shift of pumpage from the Magothy aquifer. An additional model simulation could be run to
estimate the additional pumpage that could be withdrawn from the Upper Patapsco aquifer in this area. Shifting
pumpage from the Magothy aquifer to the Lower Patapsco aquifer (Scenarios 5a and 5b) may cause declines in
the water table in the outcrop area of the Lower Patapsco aquifer and river-water intrusion from the Potomac
River. A lowered water table in the outcrop area of the Patapsco aquifers may also cause reduced baseflow to
streams and changes in wetland ecology where ground water is a significant source of water.

Several ground-water alternatives to the modeled scenarios are available for consideration that would help
alleviate excessive drawdowns in central Charles County. Although evaluation of these alternatives was not
within the scope of this study, it is prudent to mention them.

1. Some pumpage could be shifted from the Magothy, Upper Patapsco, and Lower Patapsco aquifers to the
deeper Patuxent aquifer. This alternative would require more information on the hydraulic characteristics
and water quality in the Patuxent aquifer.

2. Using optimization techniques, it may be possible to minimize drawdowns in the aquifers in central
Charles County and avoid exceedence of the 80-percent management level (Andreasen, 2003; 2004).
However, this would probably not lessen the effects of excessive drawdown in the outcrop areas.

3. Existing well fields in central and northwestern Charles County could be selectively replaced with new
well fields farther southeast where aquifer tops (and management levels) are deeper and available
drawdown is greater. This would effectively move the cones-of-depression to the southeast, farther from
the outcrop areas of the Upper Patapsco and Lower Patapsco aquifers. Moving pumping centers to the
southeast, and closer to Calvert and St. Mary’s Counties, would probably cause further water-level
declines in those counties.
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RECOMMENDATIONS FOR FUTURE STUDY

Several issues were identified during this study that need to be addressed in further research. Flow-model
simulations identified areas where water levels are likely to be drawn down below the tops of some aquifers due
to future pumpage increases. This generally occurs in the shallow updip parts of confined aquifers near the
outcrop areas. Although this is a normal consequence of developing confined aquifers in this hydrogeologic
setting, the impacts of partial aquifer dewatering are not well understood, and current ground-water regulations do
not specifically address this issue. Further study is needed to evaluate the impact of partial aquifer dewatering on
aquifer hydraulics and other ground-water users.

River-water intrusion has been documented from the Potomac River in northwestern Charles County, and
may be induced further by large ground-water withdrawals from well fields in central Charles County. The
potential for increased river-water intrusion should be evaluated by installing test wells in this area and
monitoring for key water-quality constituents. The impact on other ground-water users in this area should be
assessed.

Land subsidence induced by large ground-water withdrawals is possible near the large cones-of-depression at
Waldorf and La Plata in Charles County, and at Lexington Park in St. Mary’s County. Land subsidence can
contribute to the relative rise of sea level in coastal areas, and may have a significant impact on shorelines where
slopes are low. The significance of land subsidence should be evaluated in these areas through InSAR,
establishment and monitoring of high precision GPS survey lines, and/or the installation and monitoring on
extensometer wells.

Large ground-water withdrawals near the outcrop areas of confined aquifers have the potential to lower the
water table in the outcrop areas, cause a reduction of stream flow and a reduction of water available to some types
of wetlands. The flow model used in this study could not evaluate the changes in shallow ground-water processes
caused by declining heads in the confined parts of aquifers. The potential impact on these processes should be
evaluated by installing shallow monitoring wells in and near the outcrop areas of these aquifers, and by studying
selected watersheds within the outcrop areas. Model calibration could be improved in these areas by the
installation of monitoring wells at key sites, particularly in the shallow parts of the Aquia and Piney Point
aquifers.

Additional model simulations should be run to evaluate potential increases in ground-water withdrawals in
counties outside the study area, and in Virginia. Although pumpage increases in these outlying areas are not
likely to have a significant impact on water levels in the majority of the study area, areas adjacent to high-growth
areas in other counties may be affected. Model calibration and evaluation of impacts of future population
increases could be improved by a better understanding of domestic pumpage rates and distribution. Metering of
selected domestic water wells would provide much needed information on water use, and the specification of the
aquifer on well permits would help determine distribution of domestic pumpage. Monitoring wells and water-
level data in adjacent areas of Virginia would also improve model calibration and the evaluation of future impacts
of ground-water withdrawals on water levels in Virginia.

SUMMARY AND CONCLUSIONS

A study was conducted of the water-supply potential of the aquifer system in Calvert, Charles, and St. Mary’s
Counties. Water managers in these counties need an assessment of the effects of projected increases in water
demand for several decades into the future in order to plan and install new well fields, treatment facilities, and
distribution systems. The population of the three Southern Maryland counties increased from 64,626 in 1950 to
281,320 in 2000. Charles County experienced the most growth, its population increasing by 97,131, or 415
percent during that time period. Calvert County’s population increased by 62,463, or 516 percent, and St. Mary’s
County’s population increased by 57,100, or 196 percent. The population of the three counties is projected to
increase to 432,600 by 2030. This report provides an assessment of the major aquifers underlying the Southern
Maryland area, and their potential for supplying projected water demands.

The water needs of Calvert, Charles, and St. Mary’s Counties are predominantly supplied by five major
aquifers. From shallow to deep, these are the Piney Point, Aquia, Magothy, Upper Patapsco, and Lower Patapsco
aquifers. The Patuxent aquifer, which underlies the Lower Patapsco aquifer, has not been developed extensively
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in the study area, but may be utilized in the future. Consolidated bedrock, which underlies the Patuxent aquifer, is
not considered a potential source of water.

Although information on the entire regional aquifer system is included in this report, the study focused mainly
on the Upper and Lower Patapsco aquifers. The Patapsco aquifers have been developed in northwestern Charles
County, but not farther to the southeast in Calvert and St. Mary’s Counties. Six deep test wells (each about 1,650
ft deep) were drilled during this study to obtain hydrologic data on the Patapsco aquifers, and to monitor long-
term water levels as these aquifers are developed in the future.

Declining water levels and elevated arsenic concentrations in the Aquia aquifer have prompted water-supply
managers to shift a portion of ground-water withdrawals from the Aquia aquifer to the deeper Upper Patapsco and
Lower Patapsco aquifers. As of 2002, cones-of-depression have formed in the Aquia aquifer centered at
Lexington Park (200 ft below sea level), the Magothy aquifer at Waldorf (90 ft below sea level), the Upper
Patapsco aquifer at La Plata (136 ft below sea level), and the Lower Patapsco aquifer at La Plata (200 ft below sea
level). Arsenic concentrations in the Aquia aquifer exceed the new U.S. Environmental Protection Agency MCL
of 10 pg/L in some public-supply wells in Calvert and St. Mary’s Counties, requiring water managers to either
treat water from the Aquia aquifer, or to blend it with water from another source that is lower in dissolved arsenic.

Sediments of the Patapsco Formation are divided into four hydrogeologic units in this report. From shallow
to deep, these units are the Upper Patapsco confining unit, the Upper Patapsco aquifer, the Middle Patapsco
confining unit, and the Lower Patapsco aquifer. The division of the Patapsco Formation into the Upper and
Lower Patapsco aquifers is based on hydraulic continuity within the aquifer intervals and distinct water-level
trends between the aquifers. Analysis of sand percentages within hydrogeologic units corroborates general
connectivity between individual sand bodies within the aquifer layers, and disconnectivity between aquifer layers.

Sediments of the Patapsco Formation were deposited in a fluvial-deltaic environment, which extended
throughout the mid-Atlantic region. These sediments were dominated by lower-energy deposits of floodplain and
meandering stream environments. Channel sands that form the aquifers in the Patapsco Formation are probably
elongated in the eastward to southeastward direction. Given typical sand-body thicknesses of 20 to 30 ft, sand-
body widths within the Patapsco aquifers are estimated to be about ¥ to %2 mi. In some cases, individual sand
bodies have merged both vertically and horizontally to form more extensive multi-story sand units.

Sands of the Patapsco Formation range from very fine through very coarse. They are generally gray or
greenish-gray in appearance, but in some cases are yellowish to reddish brown. Common accessory grains
include pyrite, lignite, and muscovite; and rare accessory grains include chert, biotite, goethite, and feldspar.
Clays of the Patapsco Formation are extremely variable, in both color and texture. The predominant clay
lithology encountered in the test holes is medium to dark gray silty clay. Other common colors include light
greenish gray, light to dark reddish brown, and mottling with gray, brown, yellow, white, pink and purple. These
colors are characteristic of paleosols formed in floodplain deposits affected by varying drainage conditions.

Aquifer tests were performed on the six test wells screened in the Upper and Lower Patapsco aquifers.
Transmissivities for the two wells screened in the Upper Patapsco aquifer are 380 and 1,000 ft*/d.
Transmissivities for the four wells screened in the Lower Patapsco aquifer range from 200 ft*/d to 4,000 ft¥/d.
Test data were difficult to interpret because of aquifer heterogeneities and varying thicknesses. Calculated
transmissivities may be too low because of incomplete development of the well screens.

Within the study area, the top of the Upper Patapsco aquifer ranges from 50 ft above sea level in northwestern
Charles County to about 750 ft below sea level in central Calvert County, and the bottom ranges from about 100 ft
below sea level in western Charles County to about 1,000 ft below sea level in eastern Calvert County. A cone-
of-depression has formed in the Upper Patapsco aquifer, centered in the La Plata area, which was 136 below sea
level in 2002. This cone-of-depression probably extends northwest to the Potomac River, where it may induce
river-water intrusion. At La Plata, where the Upper Patapsco aquifer is heavily pumped, water levels have
declined from about 22 ft below sea level in 1969 to about 140 ft below sea level in 2004. Water quality in the
Upper Patapsco aquifer is generally suitable for most purposes. TDS is low, ranging from 126 to 349 mg/L, and
the pH in water from most wells ranges from 7.0 to 8.5. No U.S. Environmental Protection Agency drinking-
water standards were exceeded in water from the Upper Patapsco aquifer. Water in the Upper Patapsco aquifer is
primarily classified as sodium/potassium-bicarbonate hydrochemical facies.

The top of the Lower Patapsco aquifer within the study area ranges from about 100 ft below sea level in
western Charles County to about 1,400 ft below sea level in eastern Calvert County, and the bottom ranges from
about 200 ft below sea level in western Charles County to about 1,700 ft below sea level in eastern Calvert
County. Water levels have declined significantly in the Lower Patapsco aquifer, especially in the area of
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northwestern Charles County where a cone-of-depression has formed that was nearly 200 ft below sea level in
2002. This cone-of-depression extends northwest to the Potomac River, and probably to the outcrop area in
Virginia and Prince George’s County. Water levels in the Lower Patapsco aquifer in Charles County show rapid
declines from the late 1980°s through the mid-1990’s, then slower declines until the present. In Charles County,
water levels in the Lower Patapsco aquifer have declined about 150 ft at St. Charles from 1986 to 2004, and about
50 ft at Potomac Heights near Indian Head from 1988 to 2004. Water quality in the Lower Patapsco aquifer is
generally good. The pH in Southern Maryland ranges from 6.8 to 8.7, and TDS ranges from 122 to 768 mg/L.
No U.S. Environmental Protection Agency drinking-water standards were exceeded in water from the Lower
Patapsco aquifer; however, elevated chloride concentrations have been documented in the Indian Head area of
Charles County, caused by river-water intrusion from the Potomac River. Water from the Lower Patapsco aquifer
is primarily in the sodium/potassium-bicarbonate hydrochemical facies.

Five water-management criteria were identified that could constrain future development of the ground-water
supply: the 80-percent management level, well failures of local ground-water users, brackish-water and river-
water intrusion, a lowered water table, and land subsidence. The primary criterion for determining the productive
capabilities of the confined aquifers in Southern Maryland is the 80-percent management level. The 80-percent
management level for the Upper Patapsco aquifer ranges from about 100 ft above sea level in northern Calvert
County to about 600 ft below sea level in eastern Calvert County. The 80-percent management level for the
Lower Patapsco aquifer ranges from about sea level in northwestern Charles County to about 1,100 ft below sea
level in southeastern Calvert County.

Ground-water pumpage is an important input parameter to the flow model for historical calibration of the
model and for simulating future water levels in response to projected pumpage amounts. Pumpage is broadly
divided into two categories: domestic pumpage, which is withdrawn from individual homeowners’ wells for
household supplies; and major-user pumpage, which is withdrawn from production wells for public-supply,
commercial, military, and industrial users. Future public-supply pumpage was estimated using population
projections for 2010, 2020, and 2030. County populations are projected to increase by 24 percent, 59 percent, and
42 percent for Calvert, Charles, and St. Mary’s Counties, respectively, from 2002 to 2030. Domestic pumpage
distribution and amounts were estimated from well records and population figures, and corrected to census data.
The fractional population increase for each election district was multiplied by the 2002 domestic pumpage
distribution to obtain domestic pumpage estimates for 2010, 2020, and 2030.

A ground-water flow model was developed to simulate flow and heads in the major aquifers used in the
Southern Maryland area. The hydrogeologic, layered structure of aquifers and confining units was entered into
the model, hydraulic characteristics were assigned to the layers, and boundary conditions were entered at the
edges of the model. The model was calibrated using prepumping and historical pumping conditions, and by
matching simulated heads with measured heads. The calibrated model was then used to simulate future ground-
water heads in response to various pumping scenarios. Estimates of future ground-water pumpage were entered
into the model for stress periods ending in 2010, 2020, and 2030. Results of model simulations were evaluated by
comparing simulated heads with management levels at critical locations. If the simulated regional head fell below
the 80-percent management level at a critical location, the pumpage that caused the exceedence was considered
excessive.

Eight major pumpage scenarios were developed that incorporate increases in population, and bracket the
possible extremes of future pumpage conditions. The flow model calculates average head values for model cells,
which are ¥2-mile by ¥%2-mile. Heads are generally deeper near heavily pumping wells than model-calculated cell
averages.

Scenario 1 represents pumpage increases to accommodate projected population increases through 2030
without making major changes to the water-production infrastructure. Heads in the Piney Point aquifer decline as
much as about 60 ft below sea level in central St. Mary’s County and 80 ft below sea level near Prince Frederick
in Calvert County. In the Aquia aquifer, the cone-of-depression centered at Lexington Park has deepened to
almost 250 ft below sea level, which is about 60 ft deeper than in 2002. At Prince Frederick, head has declined to
about 120 ft below sea level, with 141 ft of remaining available drawdown. In the Magothy aquifer, head has
declined to as much as 215 ft below sea level in the Waldorf area by 2030. This drawdown exceeds the 80-
percent management level by nearly 40 ft. A drawdown of 80 ft has reduced heads in the Upper Patapsco aquifer
to about 195 ft below sea level in the cone-of-depression centered near La Plata. This leaves only about 10 ft of
remaining available drawdown at this site. In the Lower Patapsco aquifer, increased public-supply withdrawals in
central Charles County have caused drawdowns of 140 ft between 2002 and 2030 in the cone-of-depression in the
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Waldorf-La Plata area. Heads have declined to 315 ft below sea level at the deepest part of the cone, although
281 ft of available drawdown remain in 2030. The simulated cone-of-depression in the Lower Patapsco aquifer
extends northwest beyond the Potomac River to the outcrop/recharge area of the aquifer. As in the Upper
Patapsco aquifer, this may produce undesirable consequences such as a declining water table and additional river-
water intrusion.

Scenarios 2a and 2b represent additional increases in pumpage within the study area of 10 percent and 20
percent, respectively, over Scenario 1 to account for possible underestimates in future withdrawal rates. Results
for Scenario 2 are similar to Scenario 1, but drawdowns are greater in all five aquifers. Drawdowns for 2002 to
2030 for Scenario 2b are greater than 40 ft in the Piney Point aquifer at Lexington Park, and 100 ft in the Aquia
aquifer at Lexington Park and central Charles County. In the Magothy aquifer, drawdown for 2002 to 2030 is
greater than 160 ft at Waldorf, and the management level is exceeded by over 90 ft. In the Upper Patapsco
aquifer, drawdown is greater than 100 ft in the La Plata area, and the management level is exceeded by 30 ft. In
the Lower Patapsco aquifer, drawdown for 2002 to 2030 is greater than 200 ft in the Waldorf-La Plata area. The
management level at Indian Head is exceeded by 72 ft, and the water level is below the top of the Lower Patapsco
aquifer there.

Scenarios 3a and 3b represent decreases in pumpage within the study area of 10 percent and 20 percent,
respectively, to account for possible overestimates in future withdrawal rates. Under these scenarios, heads in all
five aquifers are shallower than in Scenario 1. When projected pumpage is decreased by 20 percent, drawdown
exceeds the management level only in the Lower Patapsco aquifer at Indian Head, and only by 2 ft.

In Scenario 4, all major users are pumping at their “average GAP rates” (defined as the greatest pumping rate,
averaged over an entire year, allowed on the permit as regulated by MDE). Under this scenario, heads are
shallower at most locations than in Scenario 1 because the average GAP withdrawal amounts are generally less
than necessary to accommodate future population projections simulated in Scenario 1. Drawdown in the Upper
Patapsco aquifer is about the same as in Scenario 1, and in the Lower Patapsco aquifer, drawdown is about 100 ft
at La Plata, as opposed to 140 ft in Scenario 1. Drawdown at Indian Head exceeds the management level by 87 ft
and the head is below the top of the Lower Patapsco aquifer.

Scenarios 5a and 5b represent shifts of pumpage in public-supply wells from shallower aquifers to deeper
aquifers in order to reduce the decline of water levels in the shallower aquifers near major population centers.
Shifting pumpage to deeper aquifers would also reduce reliance on the Aquia aquifer in locations where arsenic
concentrations exceed the MCL of 10 pg/L. Scenario 5a represents a 25-percent shift of public-supply pumpage
from the Aquia aquifer to the Upper Patapsco aquifer in Calvert and St. Mary’s Counties, and a 25-percent shift of
public-supply pumpage from the Magothy aquifer to the Lower Patapsco aquifer in Charles County. Scenario 5b
represents 50-percent shifts in pumpage at these same locations. In Scenario 5b, there is only about 40 ft of
drawdown for 2002 to 2030 in the Piney Point aquifer in northern Calvert County, and none elsewhere.
Drawdown for 2002 to 2030 in the Aquia aquifer is about 30 ft in northern St. Mary’s County, but heads have
recovered by about 10 ft in the Lexington Park and Solomons area, due to reduced pumpage in the Aquia. In the
Magothy aquifer, drawdown for 2002 to 2030 is about 20 ft in northern St. Mary’s and Charles Counties.
Drawdown in the Magothy aquifer does not exceed the management level anywhere in 2030, but about 65 ft of
available drawdown remains at Waldorf. In the Upper Patapsco aquifer, drawdown for 2002 to 2030 is 120 ft in
the Waldorf-La Plata area, and the management level is exceeded by about 15 ft at La Plata, due in part to leakage
to the underlying Lower Patapsco aquifer. By 2030 a cone-of-depression has formed in the Lexington Park area
that is 113 ft below sea level, mainly due to the shift of pumpage from the Aquia aquifer to the Upper Patapsco
aquifer. In the Lower Patapsco aquifer, drawdown for 2002 to 2030 is 220 ft in the Waldorf-La Plata area. The
management level is not exceeded at La Plata, but at Indian Head, it is exceeded by about 50 ft, and the water
level is below the top of the Lower Patapsco aquifer.

Scenario 6 represents the addition of six public-supply wells (or well fields) at new locations, two in each
county. The location, pumpage rate, and aquifer for each well were determined in conjunction with county
planning officials. The new wells were located within 1 mi of existing public water-distribution areas to avoid
construction of new distribution infrastructure. Simulated drawdowns for 2002 to 2030 are nearly identical to
drawdowns in Scenario 1 for the Piney Point, Aquia, and Magothy aquifers. Drawdown in the Upper Patapsco
aquifer is 100 ft at Waldorf, and about 40 ft near Prince Frederick. In the Lower Patapsco aquifer at Indian Head,
the 80-percent management level was exceeded by 43 ft. Drawdown in the Lower Patapsco at Waldorf increased
to 160 ft in this simulation, but did not exceed the 80-percent management level.
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Scenarios 7a and 7b simulate 10-percent and 20-percent increases in pumpage, respectively, at the NAS
Patuxent River over 2002 rates. In Scenario 7b, drawdown is about 70 ft in the Aquia aquifer at NAS Patuxent
River, or about 6 ft greater than in Scenario 1. Elsewhere in the Aquia aquifer, and in all other aquifers,
drawdowns are nearly identical to those in Scenario 1. The naval base is likely to shift some pumpage from the
Piney Point and Aquia aquifers to the Patapsco aquifer in the future.

In Scenario 8, three new hypothetical major users, one in each county, were added to conditions of Scenario
1. Under this scenario, drawdowns in the Piney Point, Aquia, and Magothy aquifers are nearly the same as in
Scenario 1, because the hypothetical new users were added to the deeper Patapsco aquifers. Additional drawdown
is 66 ft in the Upper Patapsco aquifer at the EIms Property in St. Mary’s County, and 49 ft in the Lower Patapsco
aquifer at Huntingtown in Calvert County. Simulated water levels at those sites are well above management
levels. In Charles County, the hypothetical major user is located at the Billingsley Road landfill near other critical
locations in the Waldorf-La Plata area, and causes additional drawdowns at some of those locations. Additional
drawdown over Scenario 1 at the hypothetical major user at the Billingsley Road landfill is about 76 ft in the
Lower Patapsco aquifer, but there is still 383 ft of available drawdown there. Additional drawdown at the other
critical locations in Charles County range up to 30 ft at Barrington Drive and at Waldorf, both in the Lower
Patapsco aquifer. Downward leakage to the Lower Patapsco aquifer causes the water level in the Upper Patapsco
aquifer to drop slightly below the management level at La Plata.
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See figure 4 for Explanation. Arundel clay

Location of cross section shown on figure 3.
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Figure 7. Hydrogeologic cross section D-D’, Bristol to Lexington Park.
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Explanation

Contour of the water-table surface, in feet relative to sea level.

Contour interval is 50 feet.

Figure 8. Estimated potentiometric surface (water table) of the Surficial aquifer.

56

39°

38° 30

38°

37° 50’



77° 30 7 76° 30’ 76°
®AA Dc 17 o
PG Cf 31,77 QAEbL. 111, 112
PG Fd'62 CABD|1
® (]
CA Cc 55
CHBe57 o
CHBf 134
(.:H B:: 24 L (] CHBg 17
CH Bb: 77 CH Be 58, 60 O CHBf 146,151
. CADb 96
CH Cd 43 CHCg 24 CADc 35
L)
GHDa 18 SM Bc 39
CAFd 51
®
Ly s CAFd 85
b JCAGd 6
SM Dd 50 © SM Df 66
vl ()
SMIDf26 o e
SM Dd 72 °
SM-Df 71
Explanation
SM Dd 72 Test well and well number (figure 31).
SM Df 26 Well with hydrograph and well number (figures 10, 12, 14, 16, 30, 38, and 41).
[ ]
Cg BE 146, 181 \yel cluster with hydrographs and well numbers (figure 25).

Figure 9. Locations of wells with hydrographs.
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Figure 10. Hydrographs showing long-term water-level frends in the Surficial aquifer (well locations

shown in figure 9).
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38°

- 37° 50’

Explanation
'\Q/ Contour of the potentiometric surface, in feet relative to sea level.
/ Contour inferval is 10 feet. Dashed where uncertain
o 24 Measured head, in feet relative to sea level.
/ Approximate extent of the Piney Point aquifer.

Figure 11. Potentiometric surface of the Piney Point aquifer, 2002.
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Figure 12. Hydrographs showing long-term water-level trends in the Piney Point aquifer (well

locations shown in figure 9).
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Explanation

—20 — Contour of the potentiometric surface, in feet relative to sea level.
Contour inferval is variable. Dashed where uncertain.

L] Measured head, in feet relative to sea level.

Approximate downdip extent of the Aquia aquifer.

Generalized outcrop/subcrop area of the Aquia aquifer.

Figure 13. Potentiometric surface in the Aquia aquifer, 2002.
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Figure 14. Hydrographs showing long-term water-level trends in the Aquia aquifer (well locations
shown in figure 9).
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Explanation

—20 — Contour of the potentiometric surface, in feet relative to sea level.
Contour inferval is variable. Dashed where uncertain.

L] Measured head, in feet relative to sea level.

Approximate extent of the Magothy aquifer.

Figure 15. Potentiometric surface in the Magothy aquifer, 2002.
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Figure 16. Hydrographs showing long-term water-level trends in the Magothy aquifer (well
locations shown in figure 9).
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Figure 17. Schematic plan view of a
meandering stream.
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confining unit

PR Upper Patapsco

Not to scale

Explanation

Hypothetical
test boring

Sand and gravel

Silt and clay

Figure 18. Conceptual cross section showing individual sand bodies, and the division of the
Patapsco Formation into the Upper Patapsco and Lower Patapsco aquifers.
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)= Drawdown test
g. 190 . . Lo . .
£
5
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(V]
3 4
3
[}
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8
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% 230 i R R A A T A R i
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Time since pumping began, in minutes
£ Recovery test
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g
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2 I N
E’ L Lo
pe T~
= 220 I
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3
g 230 [ A R A R [ R R R N I A
2 1 10 100 1,000 10,000

Time since pumping began / Time since pumping stopped

_353xQ_ 35.3X73.2 _qg ¢
T =300 XM - DIX2 =380 ftd

T = Transmissivity, in feet squared per day
Q = Pumping rate, in gallons per minute = 73.2 gal/min
As = Composite water-level change, in feet per log cycle = 6.8 ft

Figure 19. Drawdown data, recovery data, and composite transmissivity calculations
for aquifer test of well CA Db 96, screened in the Upper Patapsco aquifer.
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Drawdown test
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Water level, in feet below measuring point

S N Rt N R W S i I B R S
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Time since pumping began, in minutes

Recovery test
122 — :

123
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126
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Water level, in feet below measuring point

1281 10 100 1,000 10,000

Time since pumping began / Time since pumping stopped

T=353xQ_353x824
As 1.1

T = Transmissivity, in feet squared per day

Q = Pumping rate, in gallons per minute = 82.4 gal/min

As = Composite water-level change, in feet per log cycle = 1.1 ft

=2,700 ft’/d

Figure 20. Drawdown data, recovery data, and composite transmissivity calculations
for aquifer test of well CA Fd 85, screened in the Lower Patapsco aquifer.
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Drawdown test
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T=353xQ _ 35.3x60.4
As 10.7

T = Transmissivity, in feet squared per day

Q = Pumping rate, in gallons per minute = 60.4 gal/min

As = Composite water-level change, in feet per log cycle = 10.7 ft

=200 ft*/d

Figure 21. Drawdown data, recovery data, and composite transmissivity calculations
for aquifer test of well CH Bg 17, screened in the Lower Patapsco aquifer.
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Drawdown test

246

248

250
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254

Water level, in feet below measuring point

A IR R}
2561 100

Time since pumping began, in minutes

Recovery test
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231 N R N IR P i P
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Time since pumping began / Time since pumping stopped

_35.3xQ _ 353x56.3 _ 2
T= As = 18 =1,100 ft’/d
T = Transmissivity, in feet squared per day
Q = Pumping rate, in gallons per minute = 56.3 gal/min
As = Composite water-level change, in feet per log cycle = 1.8 ft

Figure 22. Drawdown data, recovery data, and composite transmissivity calculations
for aquifer test of well CH Cg 24, screened in the Upper Patapsco aquifer.
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Drawdown test
216

218—
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Water level, in feet below measuring point

230 N A L b
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Time since pumping began, in minutes

Recovery test
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Water level, in feet below measuring point

2061 10 100 1,000

Time since pumping began / Time since pumping stopped

T=353xQ_ 35.3x66.3
As T 3.7

T = Transmissivity, in feet squared per day

Q = Pumping rate, in gallons per minute = 66.3 gal/min

As = Composite water-level change, in feet per log cycle = 3.7 ft

= 640 ft*/d

Figure 23. Drawdown data, recovery data, and composite transmissivity calculations
for aquifer test of well SM Bc 39, screened in the Lower Patapsco aquifer.
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Drawdown test
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160

161
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135 L i Lo iii L Lo
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T=353xQ _ 35.3x70.0
As T~ 0.6

T = Transmissivity, in feet squared per day

Q = Pumping rate, in gallons per minute = 70.0 gal/min

As = Composite water-level change, in feet per log cycle = 0.6 ft

= 4,000 ft*/d

Figure 24. Drawdown data, recovery data, and composite transmissivity calculations
for aquifer test of well SM Dd 72, screened in the Lower Patapsco aquifer.
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Figure 25. Hydrographs for wells in clusters showing differences in heads between the

Upper Patapsco and Lower Patapsco aquifers.
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77° 30
39°

38° 30

38°

37° 50’

Explanation

Contour showing the altitude of the top of the Upper Patapsco aquifer,

—-600 — - teet relative 1o sea level, Contour interval is 200 feet.

Generdlized outcrop/subcrop area of the Upper Patapsco aquifer.

Data point: location of well shown on cross sections (figures 4 through 7).
@ -577 Number is altitude of the top of the aquifer, in feet relative to sea level.

o -1,024 Data point: location of supplemental well (figure 3).
Number is altitude of the top of the aquifer, in feet relative to sea level.

Figure 26. Altitude of the top of the Upper Patapsco aquifer.
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77°

30’ 77° 76° 30’

76°

Explanation

Contour showing the altitude of the bottom of the Upper Patapsco aquifer,

—-600 — | teet relative 1o sea level, Confour interval is 200 feet.

Generdlized outcrop/subcrop area of the Upper Patapsco aquifer.

-705 Data point: location of well shown on cross sections (figures 4 through 7).
® Number is altitude of the bottom of the aquifer, in feet relative to sea level.

e -1290 Data point: location of supplemental well (figure 3).
Number is altitude of the bottom of the aquifer, in feet relative to sea level.

Figure 27. Altitude of the bottom of the Upper Patapsco aquifer.
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39°

38° 30

38°

37° 50’

Generdlized outcrop/subcrop area of the Upper Patapsco aquifer.

Figure 28. Transmissivity of the Upper Patapsco aquifer, based on aquifer-test data and
previous modeling studies.
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2,000 c i 2
® alculated transmissivity, in ft7d (feet squared per day).
3000~ Contour of the tfransmissivity of the Upper Patapsco aquifer, in sz/d.
7 Contour inferval is variable.



77° 30’ 77° 76° 30’

76°

T3¢ 230 W19

= -18
@ -12

214

Explanation

—-20— Contour interval is variable. Dashed where uncertain.

° Measured head, in feet relative to sea level.

Contour of the potentiometric surface, in feet relative to sea level.

Generdlized outcrop/subcrop area of the Upper Patapsco aquifer.

Figure 29. Potentiometric surface of the Upper Patapsco aquifer, 2002.
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Figure 30. Hydrographs showing long-term water-level trends in the Upper Patapsco aquifer
(well locations shown in figure 9).
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Figure 31. Hydrographs of test wells showing water-level frends in the Upper Patapsco and
Lower Patapsco aquifers (well locations shown in figure 9).
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Explanation

Aquifer symbols
o Upper Patapsco
o Lower Patapsco

L] Patuxent

Cb 40 Well number

The county prefix is omitted
from all well numbers.

Figure 32. Locations of selected wells with water-quality analyses in the Upper Patapsco, Lower

Patapsco, and Patuxent aquifers.
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Figure 33. Piper diagram showing hydrochemical facies in the Upper Patapsco aquifer.
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77° 30

Explanation

Contour showing the altitude of the top of the Lower Patapsco aquifer,

—600 — | teet relative 1o sea level, Contour interval is 200 feet.

Generalized outcrop/subcrop area of the Lower Patapsco aquifer.

Data point: location of well shown on cross sections (figures 4 through 7).

® -765 Number is altitude of the top of the aquifer, in feet relative to sea level.

o -945 Data point: location of supplemental well (figure 3).
Number is altitude of the top of the aquifer, in feet relative 1o sea level.

Figure 34. Altitude of the top of the Lower Patapsco aquifer.
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77° 30

76°

. A .
-320'/-705

-2,055
°

Explanation

Contour showing the altitude of the bottom of the Lower Patapsco aquifer,

—-600 — in feet relative to sea level.

Generalized outcrop/subcrop area of the Lower Patapsco aquifer.

® 705 Data point: location of well shown on cross sections (figures 4 through 7).

o -1,290 Data point: location of supplemental well (figure 3).

Number is altitude of the bottom of the aquifer, in feet relative to sea level.

Number is altitude of the bottom of the aquifer, in feet relative to sea level.

Figure 35. Altitude of the bottom of the Lower Patapsco aquifer.
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Explanation
640 (g issivity, in ft%
° alculated transmissivity, in ft7d (feet squared per day).
3000~ Contour of the transmissivity of the Lower Patapsco aquifer, in ﬁ%d.
77 Contour interval is variable. Dashed where uncertain.

Generalized outcrop/subcrop area of the Lower Patapsco aquifer.

Figure 36. Transmissivity of the Lower Patapsco aquifer, based on aquifer-test data and previous
modeling studies.
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77° 30 77° 20 76° 30’

76°

=18
®

-15

Explanation

Contour of the potentiometric surface, in feet relative to sea level.
—-20— Contour interval is variable. Dashed where uncertain.

-22
° Measured head, in feet relative to sea level.

Generdlized outcrop/subcrop area of the Lower Patapsco aquifer.

Figure 37. Potentiometric surface of the Lower Patapsco aquifer, 2002.
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Figure 38. Hydrographs showing long-term water-level trends in the Lower Patapsco aquifer
(well locations shown in figure 9).
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Figure 39. Piper diagram showing hydrochemical facies in the Lower Patapsco aquifer.
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77° 30’ 77° 76° 30’

76°

Approximate extent of the Patuxent aquifer.

i o0
Pl 2
.4
Explanation
-22
L] Measured head, in feet relative to sea level.

Figure 40. Measured water levels in the Patuxent aquifer, 2002.
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Figure 41. Hydrographs showing long-term water-level trends in the Patuxent aquifer (well
locations shown in figure 9).
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Figure 42. Piper diagram showing hydrochemical facies in the Patuxent aquifer.

90



Purmping Well

_ v Prepumpin
warer fob/e A A water Ievelg
aquiter
[
2
8 Curent
= drawdown
O
c |3 l
g 2 Current
L®) 5 regional
T = 15 water level
= >
Additional © |0 N
- drawdown 9 |+ Remaining
Confining in pumping 2 | ¢ avaidble
: well = ©  drawdown
unit oS |®
= Q
o &
C [e0]
Pumping 8
water = | =
level 1a | o 80-percent
S - management
o water level

X Top of aquifer

Confined |;
aquifer

Well
screen

Figure 43. Schematic diagram showing the 80-percent management level and remaining
available drawdown near a pumping well.
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77° 30

e 76° 30’ 76°

—-100 —

0-132

Explanation

Altitude of the 80-percent management surface, in feet relative to
sea level. Contour interval is 50 feet.

Approximate extent of the Piney Point aquifer.

Critical location and 80-percent management level in the Piney Point
aquifer, in feet relative to sea level.

Figure 44. Altitude of the 80-percent management surface of the Piney Point aquifer.
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39°

38° 30

38°

Explanation
—-100 — Alfitude of the 80-percent management surface, in feet relative to
sea level. Contour interval is 100 feet.
Approximate downdip extent of the Aquia aquifer.
o -358

Critical location and 80-percent management level in the Aquia
aquifer, in feet relative to sea level.

Generdlized outcrop/subcrop area of the Aquia aquifer.

Figure 45. Altitude of the 80-percent management surface of the Aquia aquifer.
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Explanation

Alfitude of the 80-percent management surface, in feet relative to

—-100 = <oq level. Contour interval is 100 feet.

Approximate extent of the Magothy aquifer.

-177
o Critical location and 80-percent management level in the Magothy
aquifer, in feet relative to sea level.

Figure 46. Altitude of the 80-percent management surface of the Magothy aquifer.
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Explanation

— 100 Altitude of the 80-percent management surface, in feet relative to sea level.
Contour interval is 100 feet.
Generalized outcrop/subcrop area of the Upper Patapsco aquifer.

0'465 Critical location and 80-percent management level, in the Upper Patapsco
aquifer, in feet relative to sea level.

Figure 47. Altitude of the 80-percent management surface of the Upper Patapsco aquifer.
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Explanation

— 100 Alfitude of the 80-percent management surface, in feet relative to sea
) level. Contour interval is 100 feet.

Generdlized outcrop/subcrop area of the Lower Patapsco aquifer.

o -693 Critical location and 80-percent management level in the Lower Patapsco
aquifer, in feet relative to sea level.

Figure 48. Altitude of the 80-percent management surface of the Lower Patapsco aquifer.
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Explanation
150,000 yal —&— Calvert County
‘,/A —®&— Charles County
100,000 /,{_’_’_,,,__ * —4&— St Mary's County
50,000 //7:
0 | T T T T T T T T T T I I I
Q Q Q Q Q Q Q Q

Sources of data

1900-1990 U.S. Census Bureau, 1995
2000 U.S. Census Bureau, 2003

2010-2030 Calvert County Department of Planning and Zoning, written communication, 2004
Charles County Department of Planning and Growth Management, written communication, 2004
St. Mary's County Department of Land Use and Growth Management, written communication, 2004

Figure 49. Historical and projected population in Calvert, Charles, and St. Mary’s Counties.
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Explanation

Major ground-water user withdrawing from the Piney Point aquifer,

and map identifier shown in Appendix D.

Figure 50. Major ground-water users in the Piney Point aquifer, 2002.
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Explanation

Individual well simulated in the flow model,
and map identifier shown in Appendix |.

Aquifer:
15¢ Piney Point
51

g. Aquia

Figure 51. Locations of individual wells in well fields at Solomons, Chesapeake Ranch,
Lexington Park, NAS Patuxent River, and Leonardtown, 2002.
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Maijor ground-water user withdrawing from the Aquia aquifer,

and map identifier shown in Appendix E.

Figure 52. Major ground-water users in the Aquia aquifer, 2002.
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Figure 53. Major ground-water users in the Magothy aquifer, 2002.
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Explanation

Major ground-water user withdrawing from the Magothy aquifer,
and map identifier shown in Appendix F.
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Explanation

Figure 54. Major ground-water users in the Upper Patapsco aquifer, 2002.

Major ground-water user withdrawing from the Upper Patapsco aquifer,

and map identifier shown in Appendix G.
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Explanation

6
° Maijor ground-water user withdrawing from the Lower Patapsco aquifer,
and map identifier shown in Appendix H.

Figure 55. Major ground-water users in the Lower Patapsco aquifer, 2002.
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Grid block 310.890 Grid block 280.920
0 0
50+ .. Finey Point aquifer 50
1]
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Py 1 ) ) )
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£ — T [
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S 4501 p-RVT- EEEEEEEREEEEERE
s i &
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Number of wells Number of wells
X
\\ l)
Explanation ) >

890
--------- Approximate top and bottom of the
aquifer, based on the land-surface

--------- elevation at the center of the grid block. o)

920

Grid blocks are based on the Maryland State Grid. Designations \ &
indicate grid coordinates of the southwestemn comer of the grid ‘/\/\Jf °
block, in thousand feet. For example, grid block 310.890 includes )
310,000 to 320,000 feet north, and 890,000 to 900,000 feet east. ‘,[
\ /” i

Figure 56. Histograms showing distribution of domestic-well depths in two 10,000-foot grid blocks
in Calvert County.
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Explanation

o Delegate well Election District

Distribution of domestic wells estimated from the Maryland
Department of the Environment Wells Data Base

Number of wells per 10,000-foot grid square:
[] 1-100 ] 200- 300 [l Vore than 400
D 100 - 200 . 300 - 400

wells in the Piney Point aquifer.
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Figure 57. Estimated distribution of domestic wells, 2002, and locations of simulated delegate
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Explanation

o Delegate well Election District

Distribution of domestic wells estimated from the Maryland
Department of the Environment Wells Data Base

Number of wells per 10,000-foot grid square:

[]1-100 [ 200- 300 [l Vore than 400
[] 100-200 [ 300- 400

Figure 58. Estimated distribution of domestic wells, 2002, and locations of simulated delegate
wells in the Aquia aquifer.
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Explanation

o Delegate well Election District

Distribution of domestic wells estimated from the Maryland
Department of the Environment Wells Data Base
Number of wells per 10,000-foot grid square:

[]1-100 [[]100-200

Figure 59. Estimated distribution of domestic wells, 2002, and locations of simulated delegate
wells in the Magothy aquifer.
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Explanation

o Delegate well Election District

Distribution of domestic wells estimated from the Maryland
Department of the Environment Wells Data Base

Number of wells per 10,000-foot grid square:

[] 1-100

Figure 60. Estimated distribution of domestic wells, 2002, and locations of simulated delegate
wells in the Upper Patapsco aquifer.
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Explanation

o Delegate well Election District

Distribution of domestic wells estimated from the Maryland
Department of the Environment Wells Data Base

Number of wells per 10,000-foot grid square:

[] 1-100

39°

38° 30

38°

37° 50’

Figure 61. Estimated distribution of domestic wells, 2002, and locations of simulated delegate

wells in the Lower Patapsco aquifer.
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Surficial aquifer Estuary

Specified head Layer 1
at the water fable Specified head
at seq level

Chesapeake confining uni Layer 2

Piney Point aquifer Layer 3

Nanjemoy confining unit Layer 4

Aquia aquifer Layer 5

Brightseat confining unit Layer 6
Magothy aquifer § Layer 7

Upper Patapsco confining unit Layer 8

Upper Patapsco aquifer Layer 9

Middle Patapsco confining unit Layer 10

Lower Patapsco aquifer Layer 11

Arundel Clay

[GHB = General Head Boundary] Not fo Scale

Figure 62. Schematic diagram showing conceptualization of the ground-water flow model.
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Explanation

Approximate extent of the Piney Point aquifer.

@ Simulated effective horizontal hydraulic conductivity, in feet per day.

39°

38° 30

38°

37° 50’

Figure 63. Zones of simulated effective horizontal hydraulic conductivity for the Piney Point aquifer.
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77° 30

Explanation

@ Simulated effective horizontal hydraulic conductivity, in feet per day.

Approximate downdip extent of the Aquia aquifer.

m Generalized outcrop/subcrop area of the Aquia aquifer.

39°

38° 30

38°

37° 50’

Figure 64. Zones of simulated effective horizontal hydraulic conductivity for the Aquia aquifer.
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Explanation

@ Simulated effective horizontal hydraulic conductivity, in feet per day.

Approximate extent of the Magothy aquifer.

39°

38° 30

38°

37° 50’

Figure 65. Zones of simulated effective horizontal hydraulic conductivity for the Magothy aquifer.
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Explanation

@ Simulated effective horizontal hydraulic conductivity, in feet per day.

m Generdlized outcrop/subcrop area of the Upper Patapsco aquifer.

Figure 66. Zones of simulated effective horizontal hydraulic conductivity for the Upper Patapsco
aquifer.
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Explanation

@ Simulated effective horizontal hydraulic conductivity, in feet per day.

m Generdlized outcrop/subcrop area of the Lower Patapsco aquifer.

Figure 67. Zones of simulated effective horizontal hydraulic conductivity for the Lower

Patapsco aquifer.
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Explanation

Aquifer codes shown below:

+
X

3 Critical location with model results summarized in Tables 14, 15, and 16.
Number refers to Map ID shown in Table 14.

Upper Patapsco

Lower Patapsco

Figure 68. Critical locations for model results.
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Explanation

Contour of the simulated prepumping potentiometric surface, in feet
relative to sea level. Contour interval is 10 feet,

Approximate extent of the Piney Point aquifer.

Figure 69. Simulated prepumping potentiometric surface in the Piney Point aquifer.
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<0

Explanation
'\Q/ Contour of the simulated prepumping potentiometric surface, in feet
/ relative to sea level. Contour interval is 10 feet,

Approximate downdip extent of the Aquia aquifer.

H Generdlized outcrop/subcrop area of the Aquia aquifer.

Figure 70. Simulated prepumping potentiometric surface in the Aquia aquifer.
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Explanation
'\Q/ Contour of the simulated prepumping potentiometric surface, in feet
/ relative to sea level. Contour interval is 10 feet,

Approximate extent of the Magothy aquifer.

Figure 71. Simulated prepumping potentiometric surface in the Magothy aquifer.
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Explanation

Contour of the simulated prepumping potentiometric surface, in feet
relative to sea level. Contour interval is 10 feet,

Generdlized outcrop/subcrop area of the Upper Patapsco aquifer.

Figure 72. Simulated prepumping potentiometric surface in the Upper Patapsco aquifer.

120

39°

38° 30

38°

37° 50’



77° 30’ 77° 76° 30

76°

m Generdlized outcrop/subcrop area of the Lower Patapsco aquifer.

150
30 o
N
Explanation
'\Q/ Contour of the simulated prepumping potentiometric surface, in feet
/ relative to sea level. Contour interval is 10 feet,

Figure 73. Simulated prepumping potentiometric surface in the Lower Patapsco aquifer.
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Explanation

S,

Observed water levels

e Simulated water level

Figure 74. Hydrographs of observed and simulated water levels for selected wells in Southern

Maryland.
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Figure 74. Continued.
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Figure 75. Plots of observed head versus simulated head for the 2002 calibrated

flow model.
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Explanation
20— Contour of the potentiometric surface, in feet relative to sea level.

Contour interval is 20 feet.
Approximate extent of the Piney Point aquifer.

022 Measured head, in feet relative to sea level.

Figure 76. Simulated potentiometric surface in the Piney Point aquifer, with measured heads, 2002.
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Explanation

—_—0— Contour of the potentiometric surface, in feet relative to sea level.
Contour interval is 20 feet.

Approximate downdip extent of the Aquia aquifer.

0-22 Measured head, in feet relative to sea level.

Generdlized outcrop/subcrop area of the Aquia aquifer.

Figure 77. Simulated potentiometric surface in the Aquia aquifer, with measured heads, 2002.
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Explanation

—_—0— Contour of the potentiometric surface, in feet relative to sea level.
Contour interval is 20 feet.

Approximate extent of the Magothy aquifer.

0-22 Measured head, in feet relative to sea level.

Figure 78. Simulated potentiometric surface in the Magothy aquifer, with measured heads, 2002.
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Explanation

—_—0— Contour of the potentiometric surface, in feet relative to sea level.
Contour interval is 20 feet.

m Generdlized outcrop/subcrop area of the Upper Patapsco aquifer.

0-22 Measured head, in feet relative to sea level.
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Figure 79. Simulated potentiometric surface in the Upper Patapsco aquifer, with measured heads,

2002.
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Explanation

—_—0— Contour of the potentiometric surface, in feet relative to sea level.
Contour interval is 20 feet.

m Generalized outcrop/subcrop area of the Lower Patapsco aquifer.

0-22 Measured head, in feet relative to sea level.

Figure 80. Simulated potentiometric surface in the Lower Patapsco aquifer, with measured heads,
2002.
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—®— \lertical hydraulic conductivity
—&— Specific storage

—#— Horizontal hydraulic conductivity

Explanation

—X— Head at lateral boundaries
—6— Conductance at lateral boundaries
—®— Head in constant-head boundary

See table 10 for explanation of sensitivity-analysis runs.

Figure 81. Results of the sensitivity analysis.
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Explanation

4.3

Ground-water flux, in inches per year.

39°
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37° 50’

Figure 82. Simulated ground-water flux rates, 2002, from the Surficial aquifer to the confined

aquifer system for selected zones.

131



77° 30 77° 76° 30 76°

39°

NS

38° 30

J’?o

—340\

38°

37° 50’

Explanation

— 20— Contour of simulated remaining available drawdown, in feet.
Contour interval is 20 feet.

Negative values indicate no available drawdown.

Approximate extent of the Piney Point aquifer.

Figure 83. Simulated remaining available drawdown in the Piney Point aquifer, 2002.
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Explanation

Contour of simulated remaining available drawdown, in feet.

— D () —
Contour inferval is 20 feet.
Negative values indicate no available drawdown.
Approximate downdip extent of the Aquia aquifer.
Generdlized outcrop/subcrop area of the Aquia aquifer.

Figure 84. Simulated remaining available drawdown in the Aquia aquifer, 2002.
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Explanation

Contour of simulated remaining available drawdown, in feet.
Contour interval is 50 feet.

Approximate extent of the Magothy aquifer.

Figure 85. Simulated remaining available drawdown in the Magothy aquifer, 2002.
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Explanation

Contour of simulated remaining available drawdown, in feet.
Contour interval is 50 feet.

Negative values indicate no available drawdown.

Generadlized outcrop/subcrop area of the Upper Patapsco aquifer.

Figure 86. Simulated remaining available drawdown in the Upper Patapsco aquifer, 2002.
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Explanation

Contour of simulated remaining available drawdown, in feet.
Contour interval is 100 feet.

Generdlized outcrop/subcrop area of the Lower Patapsco aquifer.

Figure 87. Simulated remaining available drawdown in the Lower Patapsco aquifer, 2002.
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Explanation

—_—0— Contour of the potentiometric surface, in feet relative to sea level.
Contour interval is 20 feet.

Approximate extent of the Piney Point aquifer.

Figure 88. Simulated potentiometric surface in the Piney Point aquifer, 2030, based on

Scenario 1.
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Explanation

Contour of the potentiometric surface, in feet relative to sea level.

—20— ; .
Contour interval is 20 feet.

Approximate downdip extent of the Aquia aquifer.

n Generdlized outcrop/subcrop area of the Aquia aquifer.

Figure 89. Simulated potentiometric surface in the Aquia aquifer, 2030, based on Scenario 1.
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Explanation

—_—0— Contour of the potentiometric surface, in feet relative to sea level.
Contour interval is 20 feet.

Approximate extent of the Magothy aquifer.

Figure 90. Simulated potentiometric surface in the Magothy aquifer, 2030, based on

Scenario 1.
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Explanation

—_—0— Contour of the potentiometric surface, in feet relative to sea level.
Contour interval is 20 feet.

m Generdlized outcrop/subcrop area of the Upper Patapsco aquifer.

Figure 91. Simulated potentiometric surface in the Upper Patapsco aquifer, 2030, based on

Scenario 1.
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Explanation
—_—0— Contour of the potentiometric surface, in feet relative to sea level.

Contour interval is 20 feet.

u Generadlized outcrop/subcrop area of the Lower Patapsco aquifer.

Figure 92. Simulated potentiometric surface in the Lower Patapsco aquifer, 2030, based on
Scenario 1.
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Explanation

— 29 = Contour of simulated drawdown, in feet.
Contour interval is 10 feet.

Approximate extent of the Piney Point aquifer.
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Figure 93. Simulated drawdown in the Piney Point aquifer, 2002 to 2030, based on Scenario 1.
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Explanation

— 20— Contour of simulated drawdown, in feet.
Contour interval is 10 feet.

Approximate downdip extent of the Aquia aquifer.

n Generdlized outcrop/subcrop area of the Aquia aquifer.

Figure 94. Simulated drawdown in the Aquia aquifer, 2002 to 2030, based on Scenario 1.
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Explanation

Contour of simulated drawdown, in feet.
Contour interval is 20 feet.

— 20—

Approximate extent of the Magothy aquifer.

Figure 95. Simulated drawdown in the Magothy aquifer, 2002 to 2030, based on Scenario 1.
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Explanation

20 Contour of simulated drawdown, in feet.
Contour interval is 20 feet.

“ Generdlized outcrop/subcrop area of the Upper Patapsco aquifer.

Figure 96. Simulated drawdown in the Upper Patapsco aquifer, 2002 to 2030, based on

Scenario 1.
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Explanation

Contour of simulated drawdown, in feet.
Contour interval is 20 feet.

Generadlized outcrop/subcrop area of the Lower Patapsco aquifer.

Figure 97. Simulated drawdown in the Lower Patapsco aquifer, 2002 to 2030, based on

Scenario 1.
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Explanation

— 20— Contour of simulated remaining available drawdown, in feet.
Contour interval is 20 feet.

Negative values indicate no available drawdown.

Approximate extent of the Piney Point aquifer.

Figure 98. Simulated remaining available drawdown in the Piney Point aquifer, 2030, based on
Scenario 1.
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Explanation

Contour of simulated remaining available drawdown, in feet.

— D () —
Contour inferval is 20 feet.
Negative values indicate no available drawdown.
Approximate downdip extent of the Aquia aquifer.
Generalized outcrop/subcrop area of the Aquia aquifer.

Figure 99. Simulated remaining available drawdown in the Aquia aquifer, 2030, based on
Scenario 1.
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Explanation

— 5 — Contour of simulated remaining available drawdown, in feet.
Contour interval is 50 feet.

Approximate extent of the Magothy aquifer.

Figure 100. Simulated remaining available drawdown in the Magothy aquifer, 2030, based on
Scenario 1.
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Explanation

— 5 — Contour of simulated remaining available drawdown, in feet.
Contour interval is 50 feet.
Negative values indicate no available drawdown.

u Generadlized outcrop/subcrop area of the Upper Patapsco aquifer.

Figure 101. Simulated remaining available drawdown in the Upper Patapsco aquifer, 2030,
based on Scenario 1.
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77° 30

Explanation

Contour of simulated remaining available drawdown, in feet.
Contour interval is 100 feet.

Generdlized outcrop/subcrop area of the Lower Patapsco aquifer.

Figure 102. Simulated remaining available drawdown in the Lower Patapsco aquifer, 2030,

based on Scenario 1.
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Explanation

Contour of simulated drawdown, in feet.

20 Contour interval is 20 feet.

Approximate extent of the Piney Point aquifer.

Figure 103. Simulated drawdown in the Piney Point aquifer, 2002 to 2030, based on Scenario 2b.
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Explanation
20 Contour of simulated drawdown, in feet.

Contour interval is 20 feet.

Approximate extent of the Aquia aquifer.

Generalized outcrop/subcrop area of the Aquia aquifer.

Figure 104. Simulated drawdown in the Aquia aquifer, 2002 to 2030, based on Scenario 2b.
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Explanation

Contour of simulated drawdown, in feet.
=20 = Contour interval is 20 feet,

Approximate extent of the Magothy aquifer.

Figure 105. Simulated drawdown in the Magothy aquifer, 2002 to 2030, based on Scenario 2b.
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20

Explanation

20 Contour of simulated drawdown, in feet.
Contour interval is 20 feet,

Generdlized outcrop/subcrop area of the Upper Patapsco aquifer.

Figure 106. Simulated drawdown in the Upper Patapsco aquifer, 2002 to 2030, based on

Scenario 2b.
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Explanation

—_—0 — Contour of simulated drawdown, in feet.
Contour inferval is 20 feet.

Generdlized outcrop/subcrop area of the Lower Patapsco aquifer.

Figure 107. Simulated drawdown in the Lower Patapsco aquifer, 2002 to 2030, based on

Scenario 2b.
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Explanation

Contour of simulated drawdown, in feet,
Contour interval is 5 feet,

Approximate extent of the Piney Point aquifer.
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Figure 108. Simulated drawdown in the Piney Point aquifer, 2002 to 2030, based on Scenario 3b.
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Explanation

Contour of simulated drawdown, in feet.
Contour interval is 5 feet.

Approximate extent of the Aquia aquifer.

Generdlized outcrop/subcrop area of the Aquia aquifer.

Figure 109. Simulated drawdown in the Aquia aquifer, 2002 to 2030, based on Scenario 3b.
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Explanation

Contour of simulated drawdown, in feet.
Contour interval is 10 feet.

Approximate extent of the Magothy aquifer.
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Figure 110. Simulated drawdown in the Magothy aquifer, 2002 to 2030, based on Scenario 3b.
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Explanation

Contour interval is 10 feet,

Contour of simulated drawdown, in feet.

m Generalized outcrop/subcrop area of the Upper Patapsco aquifer.

Figure 111. Simulated drawdown in the Upper Patapsco aquifer, 2002 to 2030, based on

Scenario 3b.
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Explanation

Contour of simulated drawdown, in feet.
Contour interval is 10 feet,

Generdlized outcrop/subcrop area of the Lower Patapsco aquifer.

Figure 112. Simulated drawdown in the Lower Patapsco aquifer, 2002 to 2030, based on

Scenario 3b.
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Explanation

— 20— Contour of simulated drawdown, in feet.
Contour interval is 10 feet,

Approximate extent of the Piney Point aquifer.

Figure 113. Simulated drawdown in the Piney Point aquifer, 2002 to 2030, based on Scenario 4.
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Explanation

= 20— Contour of simulated drawdown, in feet.
Contour interval is 10 feet.

Approximate downdip extent of the Aquia aquifer.

Generalized outcrop/subcrop area of the Aquia aquifer.

Figure 114. Simulated drawdown in the Aquia aquifer, 2002 to 2030, based on Scenario 4.
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Explanation
— 20— Contour of simulated drawdown, in feet.

Contour interval is 10 feet.

Approximate extent of the Magothy aquifer.
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Figure 115. Simulated drawdown in the Magothy aquifer, 2002 to 2030, based on Scenario 4.
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20

Explanation

— 20— Contour of simulated drawdown, in feet.
Contour interval is 20 feet.

“ Generdlized outcrop/subcrop area of the Upper Patapsco aquifer.

Figure 116. Simulated drawdown in the Upper Patapsco aquifer, 2002 to 2030, based on

Scenario 4.
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Explanation

— 20— Contour of simulated drawdown, in feet.
Contour interval is 20 feet.

Generdlized outcrop/subcrop area of the Lower Patapsco aquifer.

Figure 117. Simulated drawdown in the Lower Patapsco aquifer, 2002 to 2030, based on

Scenario 4.
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Explanation

Contour of simulated drawdown, in feet,
Contour interval is 20 feet,

Approximate extent of the Piney Point aquifer.
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Figure 118. Simulated drawdown in the Piney Point aquifer, 2002 to 2030, based on Scenario 5b.
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76°

Explanation

— 20— Contour of simulated drawdown, in feet.
Contour interval is 10 feet.

Approximate downdip extent of the Aquia aquifer.

Generdlized outcrop/subcrop area of the Aquia aquifer.

Figure 119. Simulated drawdown in the Aquia aquifer, 2002 to 2030, based on Scenario 5b.
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Explanation

— 20— Contour of simulated drawdown, in feet.
Contour interval is 10 feet.

Approximate extent of the Magothy aquifer.
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Figure 120. Simulated drawdown in the Magothy aquifer, 2002 to 2030, based on Scenario 5b.
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Explanation

— 20— Contour of simulated drawdown, in feet.
Contour interval is 10 feet.

“ Generdlized outcrop/subcrop area of the Upper Patapsco aquifer.

Figure 121. Simulated drawdown in the Upper Patapsco aquifer, 2002 to 2030, based on
Scenario 5b.
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Explanation

— 20— Contour of simulated drawdown, in feet.
Contour interval is 20 feet.

Generdlized outcrop/subcrop area of the Lower Patapsco aquifer.

Figure 122. Simulated drawdown in the Lower Patapsco aquifer, 2002 to 2030, based on

Scenario 5b.
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Explanation

Contour of simulated drawdown, in feet,
Contour interval is 10 feet,

Approximate extent of the Piney Point aquifer.
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Figure 123. Simulated drawdown in the Piney Point aquifer, 2002 to 2030, based on Scenario 6.
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Explanation

— 20— Contour of simulated drawdown, in feet.
Contour interval is 10 feet.

Approximate downdip extent of the Aquia aquifer.

Generdlized outcrop/subcrop area of the Aquia aquifer.
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Figure 124. Simulated drawdown in the Aquia aquifer, 2002 to 2030, based on Scenario 6.
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Explanation
— 20— Contour of simulated drawdown, in feet.

Contour interval is 20 feet.

Approximate extent of the Magothy aquifer.

Figure 125. Simulated drawdown in the Magothy aquifer, 2002 to 2030, based on Scenario 6.
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Explanation

— 20— Contour of simulated drawdown, in feet.
Contour interval is 20 feet.

“ Generdlized outcrop/subcrop area of the Upper Patapsco aquifer.

Figure 126. Simulated drawdown in the Upper Patapsco aquifer, 2002 to 2030, based on

Scenario 6.
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Explanation

— 20— Contour of simulated drawdown, in feet.
Contour interval is 20 feet.

Generdlized outcrop/subcrop area of the Lower Patapsco aquifer.

Figure 127. Simulated drawdown in the Lower Patapsco aquifer, 2002 to 2030, based on

Scenario 6.
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Explanation

Contour of simulated drawdown, in feet,
Contour interval is 10 feet,

Approximate extent of the Piney Point aquifer.
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Figure 128. Simulated drawdown in the Piney Point aquifer, 2002 to 2030, based on Scenario 7b.
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Explanation

— 20— Contour of simulated drawdown, in feet.
Contour interval is 10 feet.

Approximate downdip extent of the Aquia aquifer.

Generalized outcrop/subcrop area of the Aquia aquifer.

Figure 129. Simulated drawdown in the Aquia aquifer, 2002 to 2030, based on Scenario 7b.
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Explanation

— 20— Contour of simulated drawdown, in feet.

Contour interval is 20 feet.

Approximate extent of the Magothy aquifer.
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Figure 130. Simulated drawdown in the Magothy aquifer, 2002 to 2030, based on Scenario 7b.
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Explanation

— 20— Contour of simulated drawdown, in feet.
Contour interval is 20 feet.

m Generalized outcrop/subcrop area of the Upper Patapsco aquifer.

Figure 131. Simulated drawdown in the Upper Patapsco aquifer, 2002 to 2030, based on

Scenario 7b.
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Explanation

— 20— Contour of simulated drawdown, in feet.
Contour interval is 20 feet.

Generalized outcrop/subcrop area of the Lower Patapsco aquifer.

Figure 132. Simulated drawdown in the Lower Patapsco aquifer, 2002 to 2030, based on
Scenario 7b.
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Explanation

Contour of simulated drawdown, in feet,
Contour interval is 10 feet,

Approximate extent of the Piney Point aquifer.
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Figure 133. Simulated drawdown in the Piney Point aquifer, 2002 to 2030, based on Scenario 8.
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Explanation

— 20— Contour of simulated drawdown, in feet.
Contour interval is 10 feet.

Approximate downdip extent of the Aquia aquifer.

Generalized outcrop/subcrop area of the Aquia aquifer.

Figure 134. Simulated drawdown in the Aquia aquifer, 2002 to 2030, based on Scenario 8.
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Explanation
— 20— Contour of simulated drawdown, in feet.

Contour interval is 20 feet.

Approximate extent of the Magothy aquifer.

Figure 135. Simulated drawdown in the Magothy aquifer, 2002 to 2030, based on Scenario 8.
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Explanation

— 20— Contour of simulated drawdown, in feet.
Contour interval is 20 feet.

“ Generdlized outcrop/subcrop area of the Upper Patapsco aquifer.

Figure 136. Simulated drawdown in the Upper Patapsco aquifer, 2002 to 2030, based on

Scenario 8.
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Explanation

— 20— Contour of simulated drawdown, in feet.
Contour interval is 20 feet.

Generalized outcrop/subcrop area of the Lower Patapsco aquifer.

Figure 137. Simulated drawdown in the Lower Patapsco aquifer, 2002 to 2030, based on
Scenario 8.
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Table 1. Geologic and hydrostratigraphic units of Southern Maryland

[Modified from Hansen and Wilson, 1984; McCartan, 1989b; and Achmad and Hansen, 1997; Fm, formation]

ERATHEM SYSTEM | SERIES FORMATION THICKNESS LITHOLOGY HYDROSTRATIGRAPHIC
(feet) UNIT
>
x
s
e Holocene & Lowland i
L Pleistocene deposits 0-150 Sand, gravel, sandy clay, and clay.
< SURFICIAL AQUIFER
(o4
Upland deposits 0-85 IIrregularly stratified cobbles, gravel, sand, and clay
enses.
Pliocene
Yorktown Fm. 0-20 Fine-grained glauconitic sand.
w
&) & Eastover Fm. 0.5-40 Clayey silt with thin laminae of silt, clay, or sand.
®) 8 % CHESAPEAKE CONFINING
N | = UNIT
o = S 3| St.MarysFm.
E Miocene | @ © N
O [} g Sand, clayey sand, and sandy clay; fossiliferous and
Choptank Fm. 0-335 diatomaceous.
Calvert Fm.
Oligocene Old Church Fm. 0-5 Patchy distribution; clayey, glauconitic sand.
Piney Point Fm. 0-90 Sand,.shght_ly glauconitic, with intercalated indurated | PINEY POINT AQUIFER
w layers; fossiliferous.
& Eocene -
O] & o | Nanjemoy Fm. 0-240 Glauconitic sand with clayey layers.
9 S 3 NANJEMOY CONFINING
= E O | Marlboro Clay 0-30 Pink and gray clay. UNIT
& = - ——
Paleocene Aquia Fm. 30-205 GlaUC(.JnItIC,. greemsh to brown sand with indurated AQUIA AQUIFER
layers; fossiliferous.
Brightseat Fm. 0-40 Gray to dark-gray micaceous silty and sandy clay.
£
SO
= Formations Sandy clay and sand, dark gray to black, with minor BRIGHTSEAT CONFINING
h . 0-135 P UNIT
undifferentiated glauconite; fossiliferous.
c
T o
Upper § 3
go
Light gray to white sand and fine gravel with
i interbedded clay layers; contains pyrite and lignite.
Magothy Fm. 0-230 Includes two sand units in southern Anne Arundel MAGOTHY AQUIFER
g County where the formation is thickest.
Q 0
o) 1 5 _| UPPER PATAPSCO
8 = ' 5 CONFINING UNIT
D [ Interbedded sand, clay, and sandy clay; color E
L 6 Patansco Em 0-1.200 variegated, but chiefly hues of red, brown and gray; § 5 XPEFFFEQATAPSCO
= P ' ' consists of several sandy intervals that function as R % Q
separate aquifers. g MIDDLE PATAPSCO
g S CONFINING UNIT
I5) LOWER PATAPSCO
& AQUIFER
Lower 5 Red, brown, and gray clay; in places contains
& | Arundel Fm, 0-400 ironstone nodules, carbonaceous remains, and ARUNDEL CONFINING UNIT
lignite.
Interbedded gray and yellow sand and clay;
Patuxent Fm. 100-650 kaolinized feldspar and lignite common. Locally clay | PATUXENT AQUIFER
layers predominate.
Wafste Gate 30+ Light gray to'gr:.iy tan, f|ng to medium, clayey sands Not a fresh-water aquifer
Fm. and clayey silts; feldspathic.
Undifferentiated pre-Cretaceous Igneous and metamorphic rocks; sandstone and
PALEOZOIC | consolidated-rock basement Unknown | gole. NOT RECOGNIZED

PRECAMBRIAN

* at Lexington Park
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Table 2. Construction and yield characteristics of the six test wells

[deg, degree; min, minute; sec, second; ft, feet; gal/min, gallons per minute; (gal/min)/ft, gallons per minute per foot; Md., Maryland]

Altitude Depth of
of land hole
Latitude surface (ft below
Well State permit Longitude Date (ft above sea land
number number Location (deg min sec) Driller completed level) surface)
CADb96 CA-94-4191 Prince Frederick 383244 A.C. Schultes of Md. 12/12/2002 151.56 1,660
76 3542
CAFd 85 CA-94-3305 Chesapeake 382236 Sydnor 11/14/2001 105.98 1,664
Ranch Estates 76 2554  Hydrodynamics
CHBg 17 CH-94-5325 Malcolm 383706 A.C.Schultes of Md.  3/3/2003 199.16 1,660
76 47 54
CH Cg 24 CH-94-4194 Hughesville 383254 Sydnor 1/16/2002 171.04 1,667
76 48 14  Hydrodynamics
SM Bc 39 SM-94-3921 Persimmon Hills 382605 Sydnor 3/18/2002 161.54 1,600
76 4302 Hydrodynamics
SM Dd 72 SM-94-3616 Paw Paw Hollow 381626 A.C. Schultes of Md. 5/16/2001 109.99 1,650
76 39 34
Pumping test
Depth of Static
well Screened level Drawdown
(ft below intervals® (ft below at 24 hours Specific
Well land (ft below Discharge land (ft below capacity
number surface) land surface) Aquifer (gal/min) surface) land surface)  ((gal/min)/ft)
CA Db 96 970 930-960 Upper Patapsco 73.2 190.66 35.49 2.06
CAFd 85 1,643 1,535-1,545 Lower Patapsco 82.5 120.51 18.24 452
1,560-1,570
1,623-1,633
CHBg 17 1,353 1,299-1,314  Lower Patapsco 60.4 253.21 39.98 1.51
1,328-1,343
CH Cg 24 835 795-825 Upper Patapsco 56.3 219.25 33.90 1.66
SM Bc 39 1,542 1,492-1,512 Lower Patapsco 66.3 190.61 35.72 1.86
1,522-1,532
SM Dd 72 1,340 1,300-1,330 Lower Patapsco 70.0 131.00 28.51 2.46

! All casing and screen intervals are 4-inch diameter
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Table 3. Estimated widths of sand bodies in the Patapsco Formation calculated from sand

thickness for three types of fluvial channel deposits (from Fielding and Crane, 1987)

[STs, sand thickness (feet); STn, sand thickness (meters); CBW,,, channel belt width (meters); CBW;, channel belt width (feet)]

Average (Case 2a)" Meandering (Case 2b)? Braided (Case 3)°
STs ST CBW,, CBW; CBW,, CBW; CBW,, CBW;
10.00 3.05 31 103 143 470 1,030 3,381
20.00 6.10 113 372 416 1,366 2,627 8,618
30.00 9.14 240 788 777 2,550 4,541 14,898
40.00 12.19 409 1,342 1,210 3,971 6,696 21,968
50.00 15.24 618 2,028 1,707 5,600 9,050 29,691

! Case 2a (average of all types)
2 Case 2b (meandering stream channels) CBW,, = 64.6 (0.55ST)
®Case 3 (braided stream channels)

CBW,, = 12.1 (0.555T,)"*®

CBW,,

1.54

513 (0.55STm)"*®
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Table 4. Historical population of Calvert, Charles, and St. Mary’s Counties

Historical population

County 19501 19522 1960t  1970% 1980* 19822 1990* 1994* 2000° 2002°
Calvert 12,100 12,845 15826 20,682 34,638 36,225 51,372 60,046 74,563 80,906

Charles 23,415 25,246 32,572 47,678 72,751 77,897 101,154 109,039 120,546 129,040
St. Mary's | 29,111 31,072 38,915 47,388 59,895 61,697 75,974 79,998 86,211 90,044
Total 64,626 69,163 87,313 115,748 167,284 175,819 228,500 251,083 281,320 299,990

Population as a fraction of 2002 population

County 1050 1952 1960 1970 1080 1982 1990 1994 2000 2002
Calvert 0.150 0.159 0.196  0.256 0.428  0.448 0.635 0767  0.922 1.000
Charles 0.181 0.196 0.252  0.369 0.564  0.604 0.784  0.845  0.934 1.000
St.Mary’s | 0.323 0.345 0.432 0526 0.665  0.685 0.844  0.888  0.957 1.000

Sources of population data:

U.S. Census Bureau, 1995
Interpolated from 1950 and 1960 data
U.S. Census Bureau, 1992

U.S. Census Bureau, 2000

U.S. Census Bureau, 2007

1
2
3
4
5
6 U.S. Census Bureau, 2003
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Table 5. Projected population of Calvert, Charles, and St. Mary’s Counties by election district

[See figures 57-61 for locations of election districts]

CALVERT Census Estimated Projected Projected Projected Fraction of 2002 population
Election population® population2 population3 population3 population3
District 2000 2002 2010 2020 2030 2010 2020 2030
1 29,552 32,066 32,995 34,387 35,686 1.03 1.07 1.11
2 22,769 24,706 29,311 31,433 33,162 1.19 1.27 1.34
3 22,242 24,134 28,695 30,180 31,152 1.19 1.25 1.29
Total 74,563 80,906 91,000 96,000 100,000 1.12 1.19 1.24
CHARLES Census Estimated Projected Projected Projected Fraction of 2002 population
Election population® population? population* population® population*
District 2000 2002 2010 2020 2030 2010 2020 2030
1 11,997 12,842 13,732 15,152 16,606 1.07 1.18 1.29
2 1,912 2,047 2,119 2,325 2,553 1.04 1.14 1.25
3 3,169 3,392 3,376 3,579 3,853 1.00 1.06 1.14
4 4,774 5,110 5,837 7,851 9,846 1.14 1.54 1.93
5 3,682 3,941 3,958 4,209 4,509 1.00 1.07 1.14
6 62,532 66,938 82,192 107,996 120,145 1.23 1.61 1.79
7 11,859 12,695 12,564 14,379 16,329 0.99 1.13 1.29
8 12,603 13,491 13,236 14,956 16,912 0.98 1.11 1.25
9 4,784 5,121 7,017 8,970 10,431 1.37 1.75 2.04
10 3,234 3,462 3,369 3,583 3,816 0.97 1.03 1.10
Total 120,546 129,040 147,400 183,000 205,000 1.14 1.42 1.59
ST. MARY'S Census Estimated Projected Projected Projected Fraction of 2002 population
Election population® population? population® population® population®
District 2000 2002 2010 2020 2030 2010 2020 2030
1 5,664 5,916 6,550 7,055 7,695 111 1.19 1.30
2 6,074 6,344 6,638 7,629 8,518 1.05 1.20 1.34
3 10,785 11,265 13,109 14,663 16,219 1.16 1.30 1.44
4 8,819 9,211 10,579 12,148 13,535 1.15 1.32 1.47
5 10,677 11,152 12,420 14,882 17,566 111 1.33 1.58
6 10,704 11,180 12,016 13,626 15,081 1.07 1.22 1.35
7 3,136 3,275 3,607 3,863 4,136 1.10 1.18 1.26
8 30,084 31,422 35,592 40,599 44,453 1.13 1.29 1.41
9 268 280 289 335 397 1.03 1.20 1.42
Total 86,211 90,044 100,800 114,800 127,600 1.12 1.27 1.42

a b W N P

U.S. Census Bureau, 2007
U.S. Census Bureau, 2003
Calvert County Department of Planning and Zoning, written commun., 2004
Charles County Department of Planning and Growth Management, written commun., 2004

St. Mary’s County Department of Land Use and Growth Management, written commun., 2004191




Table 6. Historical pumpage totals simulated in the ground-water flow model

Calvert County
Major user

Piney Point

Aquia

Magothy
Major-user Total
Domestic

Piney Point

Aquia
Domestic Total

Calvert County Total

Charles County
Major user

Agquia

Magothy

Upper Patapsco

Lower Patapsco
Major-user Total
Domestic

Aquia

Magothy

Upper Patapsco

Lower Patapsco
Domestic Total

Charles County Total

St. Mary’s County
Major user

Piney Point

Aquia

Magothy

Upper Patapsco
Major-user Total
Domestic

Piney Point

Aquia
Domestic Total

St. Mary’s County Total

Major users in other counties within model area

Simulated pumpage, in million gallons per day*

Piney Point

Aquia

Magothy

Upper Patapsco

Lower Patapsco
Total other counties

Model Total

1901-1952 1953-1982 1983-1994 1995-2002
0.00 0.27 0.18 0.20
0.58 0.70 1.84 3.03
0.00 0.09 0.10 0.12
0.59 1.06 2.13 3.36
0.31 0.87 1.49 1.94
0.15 0.42 0.71 0.93
0.46 1.28 2.20 2.87
1.04 2.35 4.32 6.23
0.00 0.04 0.03 0.02
0.00 2.59 231 2.99
0.00 0.15 0.21 0.27
1.12 2.14 5.88 5.73
1.12 4.93 8.43 9.02
0.33 1.02 1.43 1.70
0.06 0.17 0.24 0.28
0.06 0.20 0.27 0.32
0.09 0.29 0.41 0.48
0.55 1.68 2.36 2.79
1.66 6.61 10.78 11.80
0.31 0.48 0.77 0.42
1.64 2.72 3.74 4.54
0.00 0.00 0.00 0.00
0.00 0.02 0.06 0.32
1.94 3.22 4.57 5.29
0.54 1.08 1.40 1.58
0.38 0.75 0.97 1.09
0.92 1.83 2.37 2.67
2.86 5.04 6.93 7.96
3.07 1.78 1.59 1.29
0.39 1.13 1.24 1.93
3.78 5.08 4.60 5.35
1.42 3.83 4.22 3.26
0.00 1.78 5.06 5.61
8.65 13.61 16.70 17.44

14.22 27.61 38.75 43.43

1. o .
Discrepancies in totals are due to rounding.
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Table 7a. Simulated pumpage, 2003-2010 (in million gallons per day)

[Discrepancies due to rounding]

Simulation number

1 2a 2b 3a  3b 4 5a 5b 6 7a  7b 8
Calvert County
Major users
Piney Point 021 024 026 019 017 024 021 021 021 021 021 o0.21
Aquia 330 363 39 297 264 316 263 196 330 330 330 3.30
Magothy 0.14 015 0.7 012 011 013 014 014 014 014 024 0.14
Upper Patapsco 0.00 0.00 0.00 000 000 000 067 134 000 0.00 0.00 0.00
Major-user Total 365 402 438 329 292 353 365 365 365 365 365 3.65
Domestic
Piney Point 235 259 282 212 188 235 235 235 235 235 235 235
Aquia 120 132 144 108 09 120 120 120 120 120 120 1.20
Domestic Total 355 390 426 319 284 355 355 355 355 355 355 355
Hypothetical new users
Upper Patapsco 000 000 000 000 000 000 000 000 050 000 0.00 0.00
Lower Patapsco 0.00 0.00 0.00 000 000 000 000 000 000 0.00 0.00 0.50
Hypothetical new users
Total 0.00 000 000 000 000 000 000 000 050 000 0.00 050
Calvert County Total 720 792 864 648 576 7.08 720 720 770 720 720 7.70
Charles County
Major users
Aquia 003 003 004 003 002 008 002 002 003 003 0.03 0.038
Magothy 351 386 421 316 281 303 268 184 351 351 351 351
Upper Patapsco 028 031 034 026 023 033 028 028 028 028 028 0.28
Lower Patapsco 645 7.09 774 580 516 655 728 811 645 645 6.45 6.45
Major-user Total 10.27 11.30 12.33 9.25 8.22 10.00 10.26 10.25 10.27 10.27 10.27 10.27
Domestic
Aquia 210 231 251 189 168 210 210 210 210 210 210 210
Magothy 035 039 042 032 028 035 03 035 035 035 035 035
Upper Patapsco 037 041 045 033 030 037 037 037 037 037 037 037
Lower Patapsco 053 058 064 048 042 053 053 053 053 053 053 0.53
Domestic Total 33 368 402 301 268 335 335 33 33 33 335 335
Hypothetical new users
Lower Patapsco 0.00 0.00 0.00 000 000 000 000 000 100 0.00 0.00 0.75
Hypothetical new users
Total 0.00 000 000 000 000 000 000 000 100 0.00 0.00 0.75
Charles County Total 13.62 1498 16.35 12.26,.10.90 13.35 13.61 13.60 14.62 13.62 13.62 14.37
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Table 7a. Continued

Simulation number

1 2a 2b 3a 3b 4 5a 5b 6 7a 7b 8
St. Mary's County
Major users
Piney Point 048 053 058 043 038 046 048 048 048 048 0.48 0.48
Aquia 5,02 552 6.02 452 402 467 403 304 502 504 506 5.02
Magothy 0.00 0.00 000 000 000 000 000 000 000 0.00 0.00 0.00
Upper Patapsco 036 040 044 033 029 041 136 235 036 036 036 0.36
Major-user Total 587 6.45 7.04 528 469 555 587 587 587 589 591 587
Domestic
Piney Point 181 199 217 163 145 181 181 181 181 181 181 181
Aquia 128 141 154 115 103 128 128 128 128 128 128 1.28
Domestic Total 309 340 371 278 247 309 309 309 309 309 309 309
Hypothetical new users
Upper Patapsco 0.00 000 000 000 000 000 000 000 020 0.00 0.00 092
Hypothetical new users
Total 0.00 000 000 000 000 000 000 000 020 000 0.00 0.20
St. Mary's County Total 896 9.85 1075 806 716 864 896 896 9.16 898 9.00 9.16
Major users in other counties
within model area
Piney Point 129 129 129 129 129 129 129 129 129 129 129 129
Aquia 193 193 193 193 193 193 193 193 193 193 193 1.93
Magothy 537 537 537 537 537 537 537 537 537 537 537 537
Upper Patapsco 326 326 326 326 326 326 326 326 326 326 326 3.26
Lower Patapsco 559 559 559 559 559 559 559 559 559 559 559 559
Total other counties 1744 1744 1744 1744 1744 1744 1744 1744 1744 1744 1744 17.44
Model Total 47.22 50.20 53.18 44.25 41.27 46.51 47.21 47.21 48.92 47.25 47.27 48.67
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Table 7b. Simulated pumpage, 2011-2020 (in million gallons per day)

[Discrepancies due to rounding]

Simulation number

1 2a 2b 3a 3b 4 5a 5b 6 7a 7b 8
Calvert County
Major users
Piney Point 022 025 027 020 018 028 022 022 022 022 022 022
Aquia 344 378 413 3.09 275 331 273 203 344 344 344 3.44
Magothy 0.14 016 0.7 013 011 0214 014 014 014 014 024 0.14
Upper Patapsco 0.00 000 000 000 000 000 071 141 000 0.00 0.00 0.00
Major-user Total 381 419 457 343 305 373 381 381 381 381 381 381
Domestic
Piney Point 248 273 298 224 199 248 248 248 248 248 248 248
Aquia 127 140 152 114 102 127 127 127 127 127 127 127
Domestic Total 375 413 450 338 300 375 375 375 375 375 375 3.75
Hypothetical new users
Upper Patapsco 000 000 000 000 000 000 000 000 050 000 0.00 o0.00
Lower Patapsco 0.00 000 000 000 000 000 000 000 000 0.00 0.00 0.50
Hypothetical new users
Total 0.00 000 000 000 000 000 000 000 050 0.00 0.00 0.50
Calvert County Total 756 832 907 680 6.05 749 756 756 806 756 756 8.06
Charles County
Major users
Aquia 004 004 005 003 003 016 003 002 004 004 0.04 0.04
Magothy 447 492 536 402 358 310 340 232 447 447 447 447
Upper Patapsco 032 035 038 029 025 043 032 032 032 032 032 032
Lower Patapsco 776 853 931 698 621 757 883 990 776 776 7.76 71.76
Major-user Total 1258 13.84 15.10 11.33 10.07 11.26 1257 1256 1258 1258 12.58 12.58
Domestic
Aquia 257 283 3.09 232 206 257 257 257 257 257 257 257
Magothy 044 049 053 040 036 044 044 044 044 044 044 044
Upper Patapsco 043 047 052 039 034 043 043 043 043 043 043 043
Lower Patapsco 059 065 071 053 047 059 059 059 059 059 059 0.59
Domestic Total 404 444 485 363 323 404 404 4.04 404 404 4.04 4.04
Hypothetical new users
Lower Patapsco 0.00 000 000 000 000 000 000 000 100 0.00 0.00 0.75
Hypothetical new users
Total 0.00 000 000 000 000 000 000 000 100 0.00 0.00 0.75
Charles County Total 16.62 18.28 19.95 1530 16.61 16.60 17.62 16.62 16.62 17.37
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Table 7b. Continued

Simulation number

1 2a 2b 3a 3b 4 5a 5b 6 7a 7b 8
St. Mary's County
Major users
Piney Point 055 060 066 049 044 050 055 055 055 055 055 055
Aquia 558 6.14 6.70 503 447 484 445 332 558 563 568 558
Magothy 000 000 000 000 000 000 000 000 000 0.00 0.00 o0.00
Upper Patapsco 041 045 050 037 033 053 154 267 041 041 041 041
Major-user Total 655 720 786 589 524 587 655 655 655 660 6.64 6.55
Domestic
Piney Point 203 224 244 183 163 203 203 203 203 203 203 203
Aquia 149 163 178 134 119 149 149 149 149 149 149 149
Domestic Total 352 387 422 317 282 352 352 352 352 352 352 352
Hypothetical new users
Upper Patapsco 000 000 000 000 000 000 000 000 020 000 0.00 0.92
Hypothetical new users
Total 0.00 000 000 000 000 000 000 000 020 0.00 0.00 092

St. Mary's County Total 10.07 11.07 1208 9.06 8.05 9.39 10.07 10.07 10.27 10.11 10.16 10.99

Major users in other counties
within model area

Piney Point 129 129 129 129 129 129 129 129 129 129 129 129
Aguia 193 193 193 193 193 193 193 193 193 193 193 193
Magothy 537 537 537 537 537 537 537 537 537 537 537 537
Upper Patapsco 326 326 326 326 326 326 326 326 326 326 326 3.26
Lower Patapsco 559 559 559 559 559 6559 559 559 559 559 559 559
Total other counties 1744 17.44 1744 1744 1744 1744 1744 1744 1744 1744 17.44 17.44
Total 51.69 55.12 5854 48.27 44.84 49.63 51.68 51.67 53.39 51.74 51.79 53.86
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Table 7c. Simulated pumpage, 2021-2030 (in million gallons per day)

[Discrepancies due to rounding]

Simulation number

1 2a 2b 3a 3b 4 5a 5b 6 7a 7b 8
Calvert County
Major users
Piney Point 023 026 028 021 0.19 033 023 023 023 023 023 0.23
Aquia 355 391 426 320 284 346 282 208 355 355 355 355
Magothy 015 0.16 0.18 013 0.12 0.15 0415 015 0.15 0415 0.15 0.5
Upper Patapsco 0.00 000 0.00 0.00 0.00 0.00 0.73 147 0.00 0.00 0.00 0.00
Major-user Total 393 432 472 354 314 394 393 393 393 393 393 393
Domestic
Piney Point 259 285 311 233 207 259 259 259 259 259 259 259
Aquia 1.32 145 1.59 1.19 1.06 132 132 132 132 132 132 132
Domestic Total 391 431 470 352 313 391 391 391 391 391 391 391
Hypothetical new users
Upper Patapsco 0.00 000 000 0.00 0.00 000 000 000 050 0.00 0.00 o0.00
Lower Patapsco 0.00 000 0.00 0.00 0.00 0.00 0.00 000 0.00 000 0.00 0.50
Hypothetical new users
Total 0.00 000 000 0.00 0.00 0.00 0.00 000 050 000 0.00 0.50
Calvert County Total 7.84  8.63 9.41 7.06 6.28 786 784 784 834 784 7.84 834
Charles County
Major users
Aquia 005 005 005 004 0.04 024 003 002 005 005 0.05 0.05
Magothy 496 546 596 447 3.97 3.18 377 257 496 496 496 4.96
Upper Patapsco 034 038 041 031 0.27 053 034 034 034 034 034 034
Lower Patapsco 848 9.33 10.18 7.64 6.79 859 968 10.88 848 848 8.48 8.48
Major-user Total 13.83 1522 16.60 12.45 11.07 1254 1382 13.81 13.83 13.83 13.83 13.83
Domestic
Aquia 300 330 360 270 240 300 300 300 300 300 300 300
Magothy 050 055 060 045 040 050 050 050 050 050 050 0.50
Upper Patapsco 047 052 057 043 0.38 0.47 047 047 047 047 047 047
Lower Patapsco 064 071 077 058 052 064 064 064 064 064 064 0.64
Domestic Total 461 507 553 415 3.69 461 461 461 461 461 461 461
Hypothetical new users
Lower Patapsco 0.00 000 0.00 0.00 0.00 0.00 0.00 000 100 0.00 0.00 0.75
Hypothetical new users
Total 0.00 000 000 0.00 0.00 0.00 0.00 000 1.00 000 0.00 0.75

Charles County Total 18.45 20.29 22.14 16.6019]74.76 1716 18.43 1842 1945 1845 1845 19.20



Table 7c. Continued

Simulation number

1 2a 2b 3a 3b 4 5a 5b 6 7a 7b 8
St. Mary's County
Major users
Piney Point 060 066 072 054 048 055 060 060 060 060 060 0.60
Aquia 6.07 6.67 728 546 4.85 501 482 357 6.07 614 621 6.07
Magothy 000 001 001 000 0.00 001 000 000 000 0.00 0.00 o0.00
Upper Patapsco 045 050 054 041 0.36 064 170 295 045 045 045 0.45
Major-user Total 712 783 854 641 570 620 712 712 712 719 727 7.12
Domestic
Piney Point 224 246 269 202 179 224 224 224 224 224 224 224
Aquia 1.70 187 203 153 1.36 170 1v0 170 170 170 170 1.70
Domestic Total 393 433 472 354 315 393 393 393 393 393 393 393
Hypothetical new users
Upper Patapsco 0.00 000 000 0.00 0.00 0.00 000 000 020 000 0.00 0.92
Hypothetical new users
Total 000 000 000 000 0.00 0.00 000 000 020 0.00 0.00 0.92

St. Mary's County Total 11.05 12.16 13.27 9.95 8.84 10.13 11.05 11.05 11.25 11.13 11.20 11.97

Major users in other counties
within model area

Piney Point 1.29 1.29 1.29 1.29 1.29 129 129 129 129 129 1.29 1.29
Aguia 1.93 1.93 1.93 1.93 1.93 193 193 193 193 193 193 193
Magothy 5.37 5.37 5.37 5.37 5.37 537 537 537 537 537 537 537
Upper Patapsco 3.26 3.26 3.26 3.26 3.26 326 326 326 326 326 326 3.26
Lower Patapsco 5.59 5.59 5.59 5.59 5.59 559 559 559 559 559 559 559
Total other counties 1744 1744 1744 1744 1744 1744 1744 1744 1744 1744 17.44 17.44
Total 54.79 58.52 62.26 51.06 47.32 5259 54.78 54.76 56.49 54.86 54.94 56.96
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Table 8. Ranges of horizontal and vertical
hydraulic conductivities entered
for aquifer layers and confining
layers in the ground-water flow
model

[Kyn, horizontal hydraulic conductivity;
Ky, vertical hydraulic conductivity; ft/d, feet per day]

Range of Ky, Regglgde) ?;rKV
Aquifer (ft/d) for :
. underlying
aquifer I,
confining layer
Surficial 11 5x10° -2x10°
Piney Point 1-100 1.5x10°-2x107
Aquia 0.1-50 2x10*
Magothy 10-100 1x10™* — 5x10°®
Upper Patapsco 0.5-50 5x10° - 1x10°
Lower Patapsco 1-100 *

*in the ground-water flow model, the base of the Lower
Patapsco aquifer is a no-flow boundary
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Table 9. Mean error and root-mean-square for the flow-model calibration

[ME, mean error; RMS, root-mean-square; see text for explanation]

Stress period

Aquifer

Piney Point
Aquia

Magothy

Upper Patapsco
Lower Patapsco
All Aquifers

ME
0.7
3.8
0.5
0.5
6.8
2.6

2
ME
-3.8
-16.5
7.4
*
6.3
-11.9

RMS
17.9
24.4
7.4
*
12.6
22.3

ME
4.5
-9.6
1.3
3.2
6.5
-2.0

RMS

10.8

14.1

16.6
11.8
12.6

ME
-2.9
-0.6

3.2
-5.2
-9.7
-1.8

ME
1.9
2.7
1.2

-1.0

3.4
0.5

* No water-level measurements available
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Table 10. Results of the sensitivity analysis

[Kn, horizontal hydraulic conductivity; Ky, vertical hydraulic conductivity; Ss, specific storage;

Ch, conductance at lateral boundary; Hp, head at lateral boundary; H¢, head at constant head boundary;
see text for explanation]

Root mean square (RMS)

Mean error (ME)

Multiply
by

Khy KVy
Model run® S, Cp Kn Ky Se Co Kn Ky Se Ch
A 0.50 43.3 26.3 11.8 11.2 -26.5 -18.8 2.2 0.2
B 0.75 18.4 14.4 11.2 11.1 6.7 7.1 0.8 0.3
C (calibration) 1.00 11.0 11.0 11.0 11.0 0.6 0.6 0.6 0.6
D 1.50 19.7 16.9 11.3 10.9 12.6 10.8 3.3 0.9
E 2.00 27.5 23.8 12.5 10.8 18.9 17.6 5.7 1.1

! Results for model runs A through E are shown in figure 70.
Kn, Ky, Ss, and C, were multiplied by values of 0.5, 0.75, 1.5, and 2.0.

Root mean square (RMS)

Mean error (ME)

Add to
Model run® Hb, Hc Ho He Ho He
A -5.0 11.1 11.2 -1.5 -2.3
B -2.0 11.0 11.0 -0.2 -0.6
C (calibration) 0.0 11.0 11.0 0.6 0.6
D 2.0 11.1 11.1 1.4 1.7
E 5.0 11.3 11.5 2.6 3.5

! Results for model runs A through E are shown in figure 81.
H, and H. were increased or decreased by 2 and 5 feet.
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Table 11. Mass-balance flux components for the ground-water flow model, simulation years 1900 (prepumping),
1952, 1982, 1994, and 2002

[Discrepancies due to rounding]

Influx

Storage

Constant head
Wells

Lateral boundaries
Total

Outflux

Storage

Constant head
Wells

Lateral boundaries
Total

Influx-outflux

Thousand cubic feet per day

Percentage of total

1900
6.75
2,098.91
0.00
579.82
2,685.47

8.88
1,730.49
0.00
946.97
2,686.34

-0.87

1952 1982
40.32 87.08
2,648.64  3,450.00
0.00 0.00
851.56 1,055.28
3,540.53 4,592.37
0.00 0.01
978.07 517.38
1,954.13 3,548.20
608.33 526.77
3,540.52  4,592.37
0.00 0.00

1994
399.47
4,136.01
0.00
1,622.28
6,157.76

0.10
396.38
5,172.28
589.00
6,157.76

0.00

2002
650.79
4,673.55
0.00
1,870.82
7,195.17

0.11
311.31
5,798.16
1,085.59
7,195.17

0.00

1900 1952 1982 1994 2002
0.25 1.14 1.90 6.49 9.04
78.16 7481 7512 67.17 64.95
0.00 0.00 0.00 0.00 0.00
2159 2405 2298 26.35 26.00
100.00 100.00 100.00 100.00 100.00
0.33 0.00 0.00 0.00 0.00
64.44 27.62 11.27 6.44 4.33
0.00 5519 77.26 84.00 80.58
3526 17.18 11.47 9.57 15.09
100.03 100.00 100.00 100.00 100.00
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Table 12. Net flow components for individual aquifers simulated in the flow model

negative values indicate flow out of the aquifer; positive values indicate flow into the aquifer]

Prepumping conditions

[ft3/d, cubic feet per day; GHB, General Head Boundary;

Flow component, in ft*/d

Aquifer Recharge Leakage overlying Leakage underlying Pumpage Storage GHB Other
Piney Point 0 -344,060 256,907 0 -9 79,483 7,667
Aquia 22,315 -88,480 129,730 0 0 -62,283 -1,287
Magothy 55,399 76,780 83,191 0 10 -225,541 10,163
Upper Patapsco 54,855 -103,370 10,328 0 243 37,940 0
Lower Patapsco 27,343 -2,140 0 0 302 -25,510 0
Total 159,912 -461,270 480,156 0 546 -195,911 16,543
2002 (Calibration)
Flow component, in ft¥/d
Aquifer Recharge Leakage overlying Leakage underlying Pumpage Storage GHB Other
Piney Point 0 1,271,054 -737,983 -722,530 5,071 173,604 10,830
Aquia 95,730 2,050,348 -453,080 -1,756,400 28,357 29,188 5,770
Magothy 107,114 948,790 -356,688 -1,172,400 8,548 450,614 14,076
Upper Patapsco 159,600 679,500 -210,700 -558,530 116,520 -186,400 0
Lower Patapsco 371,256 631,768 0 -1,578,200 114,130 461,020 0
Total 733,700 5,581,460 -1,758,451 -5,788,060 272,626 928,026 30,676
2030 (Scenario 1)
Flow component, in ft¥/d

Aquifer Recharge Leakage overlying Leakage underlying Pumpage Storage GHB Other
Piney Point 0 1,761,502 -1,049,795 -924,650 966 201,706 10,240
Aquia 124,254 2,767,114 -622,070 -2,339,600 8,500 52,380 9,417
Magothy 113,690 1,156,580 -364,400 -1,468,000 2,679 544,769 14,690
Upper Patapsco 193,528 692,870 -349,070 -605,740 33,903 34,470 0
Lower Patapsco 477,652 640,190 0 -1,967,100 38,120 811,080 0
Total 909,124 7,018,256 -2,385,335 -7,305,090 84,168 1,644,405 34,347
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Table 13. Descriptions of pumping scenarios used in future model

simulations
[mgd, million gallons per day]
Scenario Description
0 Maintain all pumpage at 2002 levels
Increase pumpage at public-supply and domestic wells proportionally
1 with population projections in Calvert, Charles, and St. Mary's Counties
through 2030
5 Increase all pumpage in Calvert, Charles, and St. Mary's Counties over
a ; .
amounts in Scenario 1 by 10 percent
Increase all pumpage in Calvert, Charles, and St. Mary's Counties over
2b : .
amounts in Scenario 1 by 20 percent
3 Decrease all pumpage in Calvert, Charles, and St. Mary's Counties
a . .
under amounts in Scenario 1 by 10 percent
Decrease all pumpage in Calvert, Charles, and St. Mary's Counties
3b . .
under amounts in Scenario 1 by 20 percent
4 Pump all major users at their average appropriated amounts while
increasing domestic pumpage as in Scenario 1
Shift 25 percent of public-supply pumpage from the Aquia aquifer to the
5a Upper Patapsco aquifer in Calvert and St. Mary's Counties, and from
the Magothy aquifer to the Lower Patapsco aquifer in Charles County.
Shift 50 percent of public-supply pumpage from the Aquia aquifer to the
5b Upper Patapsco aquifer in Calvert and St. Mary's Counties, and from
the Magothy aquifer to the Lower Patapsco aquifer in Charles County.
Add six hypothetical public-supply wells, two in each county, pumping
6 between 0.1 and 0.5 mgd each, while increasing other pumpage as in
Scenario 1.
7a Increase pumpage at the NAS Patuxent River by 10 percent while
increasing other pumpage as in Scenario 1.
7b Increase pumpage at the NAS Patuxent River by 20 percent while
increasing other pumpage as in Scenario 1.
Add three hypothetical major-user wells, one in each county, pumping
8 between 0.5 and 0.92 mgd each, while increasing other pumpage as in

Scenario 1.
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Table 14. Summary of critical-location information

[GAP, Ground-water appropriation permit]

Prepumping Altitude of Management

Map ID* GAP or identifier Aquifer Location head? aquifer top? level®

Calvert

County
1 CA60G002 Aquia Chesapeake Ranch 125 -456.9 -363.0
2 Hypothetical shift to Patapsco  Upper Patapsco Chesapeake Ranch 18.6 -625.4 -496.6
3 CA74G005 Aquia Prince Frederick 19.4 -333.0 -262.6
4 CA84G003 Aquia Solomons 13.3 -451.8 -358.8
5 Hypothetical shift to Patapsco  Upper Patapsco Solomons 18.4 -595.5 -472.7
6 Domestic observation Aquia Huntingtown 20.3 -292.3 -229.8
7 Hypothetical major user Lower Patapsco Huntingtown 334 -1,169.1 -928.6
8 Hypothetical public supply Upper Patapsco Prince Frederick 22.5 -667.0 -537.1
9 Hypothetical public supply Upper Patapsco Solomons 18.4 -594.0 -471.6

Charles

County
10 CH68G001 Upper Patapsco La Plata 32.9 -264.0 -204.6
11 CH70G003 Lower Patapsco La Plata 31.5 -725.1 -573.8
12 CH70G109 Magothy Waldorf 53.8 -234.6 -176.9
13 CH71G005 Lower Patapsco Indian Head 20.1 -166.3 -129.0
14 CH83G312 Lower Patapsco Waldorf 33.4 -751.3 -594.4
15 CH89G032 Lower Patapsco Bensville 30.9 -507.7 -400.0
16 Hypothetical major user Lower Patapsco Billingsley Road Landfill 33.2 -874.6 -693.0
17 Hypothetical public supply Lower Patapsco Waldorf Fire Station 34.6 -802.9 -635.4
18 Hypothetical public supply Lower Patapsco Barrington Drive 33.9 -810.9 -641.9

St.

Mary’s

County
19 SM46G001 Aquia Lexington Park, Pegg Road 13.2 -449.1 -356.6
20 Hypothetical shift to Patapsco  Upper Patapsco Lexington Park, Pegg Road 18.1 -572.0 -453.9
21 SM46G001 Aquia Lexington Park, Essex Drive 13.1 -450.8 -358.0
22 Hypothetical shift to Patapsco  Upper Patapsco Lexington Park, Essex Drive 18.1 -569.2 -451.7
23 SM66G006 Aquia Charlotte Hall 32.0 -249.2 -193.0
24 SM67G003 Aquia Leonardtown 13.8 -343.0 -271.6
25 Hypothetical shift to Patapsco  Upper Patapsco Leonardtown 18.4 -543.6 -431.2
26 SM76G004 Piney Point Town Creek 15.8 -168.5 -131.6
27 SM98G021 Upper Patapsco Lexington Park, First Colony 18.2 -568.9 -451.5
28 Hypothetical major user Upper Patapsco Elms Property 18.5 -586.0 -465.1
29 Hypothetical public supply Upper Patapsco Broad Creek/Twin Ponds 18.6 -578.5 -459.1
30 Hypothetical public supply Upper Patapsco Forrest Farms 18.3 -557.4 -442.3

lMap ID refers to locations shown in Figure 68.
?Feet relative to sea level.
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Table 15. Simulated heads at critical locations, 2030

Simulated head, in feet relative to sea level
Map ID* Scenario number
0 1 2a 2b 3a 3b 4 5a 5b 6 7a b 8

Calvert

County
1 -163.2 -197.2 -216.7 -236.1 -177.7 -158.3 -188.0 -168.5 -139.8 -201.0 -198.3 -199.4 -201.9
2 -56.3 -72.0 -78.4 -84.7 -65.6 -59.2 -68.2 -84.4 -96.9 -80.0 -72.4 -72.8 -79.9
3 -83.3 -121.3 -134.3 -147.3 -108.4 -95.4 -96.1 -105.6 -89.8 -123.6 -121.5 -121.6 -123.2
4 -161.2 -200.0 -219.7 -239.5 -180.2 -160.4 -182.2 -172.8 -145.6 -204.0 -201.7 -203.3 -205.3
5 -58.6 -74.9 -81.6 -88.3 -68.2 -61.5 -71.1 -87.7 -100.6 -84.8 -75.4 -75.8 -83.6
6 -48.5 -74.9 -83.3 -91.7 -66.4 -58.0 -67.0 -68.1 -61.4 -76.7 -74.9 -75.0 -76.4
7 -45.2 -63.9 -69.5 -75.1 -58.3 -52.7 -57.6 -73.6 -83.3 -72.6 -63.9 -64.0 -113.0
8 -48.9 -66.9 -73.0 -79.0 -60.8 -54.8 -62.2 -75.7 -84.5 -93.4 -67.0 -67.2 -72.5
9 -59.0 -75.6 -82.4 -89.2 -68.9 -62.1 -71.8 -87.9 -100.3 -89.7 -76.1 -76.6 -84.1

Charles

County
10 -130.7 -194.8 -214.9* -235.0* -174.7 -154.6 -197.8 -207.3*  -219.9* -205.9* -194.8 -194.8 -204.8*
11 -195.3 -291.5 -321.2 -350.9 -261.8 -232.0 -284.9 -320.7 -350.0 -316.4 -291.5 -291.5 -317.3
12 -105.9 -215.7* 2427 -269.6" -188.8* -161.9 -117.4 -163.7 -111.7 -217.0% -215.8* -215.8* -216.8*
13 140.6* -166.4" -183.9"  -201.4" _1489* -131.4* -2162" -1725" -1785" 17177  -166.4" -166.4" -171.0
14 -190.0 -313.8 -345.9 -378.0 -281.7 -249.6 -267.6 -366.4 -419.0 -352.9 -313.8 -313.9 -343.6
15 -165.7 -267.2 -295.0 -322.8 -239.4 -211.5 -255.7 -290.7 -314.3 -287.4 -267.2 -267.2 -283.7
16 -145.9 -234.3 -258.2 -282.1 -210.4 -186.5 -210.6 -271.5 -308.6 -267.1 -234.4 -234.4 -310.0
17 -127.9 -210.6 -232.5 -254.4 -188.8 -166.9 -179.0 -257.0 -303.4 -274.4 -210.7 -210.7 -235.5
18 -148.2 -242.7 -267.6 -292.6 -217.7 -192.8 -210.8 -292.5 -342.3 -309.5 -242.7 -242.7 -273.2

St.

Mary’s

County
19 -188.4 -247.6 -272.2 -296.7 -223.1 -198.5 -202.6 -209.6 -171.6 -251.3 -250.3 -253.0 -253.7
20 -59.2 -75.5 -82.3 -89.0 -68.8 -62.1 -72.5 -94.1 -112.8 -83.1 -76.1 -76.6 -86.3
21 -183.7 -240.5 -264.3 -288.1 -216.7 -192.9 -198.3 -204.4 -168.3 -244.1 -243.4 -246.2 -247.0
22 -58.4 -74.2 -80.8 -87.3 -67.6 -61.1 -71.0 -91.9 -109.6 -81.1 -74.7 -75.3 -86.0
23 -71.1 -122.0 -136.5 -151.1 -107.4 -92.9 -104.2 -109.7 -97.5 -124.0 -122.1 -122.2 -123.7
24 -91.4 -127.6 -140.5 -153.5 -114.6 -101.6 -112.9 -111.7 -95.8 -130.2 -128.1 -128.5 -130.5
25 -52.5 -68.8 -74.9 -81.1 -62.6 -56.4 -65.7 -82.4 -96.0 -76.3 -69.0 -69.3 -74.9
26 -37.1 -57.6 -64.7 -71.7 -50.5 -43.5 -55.1 -56.2 -54.8 -57.9 -57.7 -57.7 -58.0
27 -62.9 -81.5 -88.9 -96.2 -74.2 -66.8 -76.7 -96.3 -111.1 -90.3 -82.0 -82.4 -90.2
28 -48.5 -59.9 -64.8 -69.8 -55.0 -50.0 -57.0 -65.6 -71.3 -63.9 -60.4 -60.8 -125.6
29 -57.0 -74.4 -81.1 -87.8 -67.7 -61.0 -70.6 -85.5 -96.5 -86.0 -74.8 -75.1 -81.6
30 -56.0 -73.0 -79.5 -86.1 -66.4 -59.9 -70.0 -84.7 -96.4 -84.2 -73.3 -73.7 -80.1

* Values exceed the management level

t Values exceed the aquifer top

! Map ID refers to locations shown in figure 68. 206




Table 16. Simulated remaining available drawdown at critical locations, 2030
Remaining available drawdown, in feet
Map ID* Scenario number
0 1 2a 2b 3a 3b 4 5a 5b 6 7a b 8

Calvert

County
1 199.9 165.8 146.4 126.9 185.3 204.8 175.1 194.5 223.2 162.1 164.7 163.7 161.2
2 440.3 424.7 418.3 411.9 431.1 437.5 428.5 412.2 399.7 416.6 424.2 423.8 416.7
3 179.2 141.2 128.2 115.2 154.2 167.2 166.4 157.0 172.7 139.0 141.1 141.0 139.4
4 197.6 158.8 139.1 119.3 178.6 198.4 176.6 186.0 213.2 154.8 157.1 155.5 153.5
5 414.2 397.9 391.2 384.5 404.6 411.2 401.7 385.0 372.2 387.9 397.4 396.9 389.1
6 181.3 154.9 146.5 138.1 163.4 171.8 162.8 161.7 168.4 153.1 154.9 154.8 153.4
7 883.4 864.7 859.1 853.5 870.3 875.9 871.0 855.0 845.3 856.0 864.7 864.6 815.6
8 488.3 470.2 464.2 458.1 476.3 482.4 474.9 461.5 452.7 443.7 470.1 470.0 464.6
9 412.6 395.9 389.1 382.4 402.7 409.5 399.8 383.6 371.3 381.9 395.5 395.0 387.4

Charles

County
10 73.9 9.8 -10.3* -30.4* 29.9 50.1 6.8 -2.7* -15.3* -1.3* 9.8 9.8 -0.2*
11 378.5 282.3 252.6 222.9 312.0 341.7 288.9 253.1 223.8 257.4 282.3 282.3 256.5
12 71.0 38.8*  -65.7' 927" 119 15.1 59.5 13.2 65.2 -40.1* -38.8*  -38.9*  -39.9*
13 -11.6%  -374" 549" 724" 19.9* -2.4% -87.2" 434" 495" 427" 374" 374" 420"
14 404.4 280.6 248.5 216.4 312.7 344.8 326.8 228.0 175.4 241.5 280.5 280.5 250.7
15 234.3 132.8 105.0 77.2 160.7 188.5 144.3 109.3 85.7 112.7 132.8 132.8 116.3
16 547.1 458.7 434.8 410.9 482.6 506.5 482.4 421.5 384.4 425.9 458.7 458.6 383.0
17 507.5 424.8 402.9 381.1 446.7 468.5 456.5 378.4 332.1 361.0 424.8 424.8 399.9
18 493.7 399.3 374.3 349.3 424.2 449.1 431.1 349.4 299.6 3324 399.2 399.2 368.7

St.

Mary’s

County
19 168.2 109.0 84.5 59.9 133.5 158.1 154.0 147.0 185.0 105.4 106.3 103.6 102.9
20 394.7 378.4 371.7 365.0 385.1 391.8 381.5 359.8 341.2 370.8 377.9 377.4 367.7
21 174.3 117.5 93.7 69.9 141.3 165.1 159.7 153.6 189.8 114.0 114.6 111.8 111.0
22 393.3 377.5 371.0 364.4 384.1 390.6 380.7 359.8 342.1 370.6 377.0 376.5 365.7
23 121.9 71.0 56.5 41.9 85.6 100.1 88.8 83.3 95.5 68.9 70.9 70.8 69.3
24 180.2 144.1 131.1 118.1 157.0 170.0 158.7 160.0 175.9 141.4 143.6 143.1 141.2
25 378.7 362.5 356.3 350.1 368.6 374.8 365.5 348.8 335.2 354.9 362.2 361.9 356.3
26 94.5 74.0 66.9 59.9 81.1 88.2 76.5 75.4 76.8 73.7 73.9 73.9 73.6
27 388.6 370.0 362.6 355.3 377.4 384.7 374.8 355.2 340.4 361.2 369.5 369.1 361.3
28 416.6 405.2 400.2 395.3 410.1 415.1 408.1 399.5 393.8 401.2 404.7 404.3 339.5
29 402.0 384.7 377.9 371.2 391.4 398.1 388.4 373.6 362.5 373.0 384.3 383.9 3775
30 386.2 369.3 362.7 356.2 375.8 382.4 372.3 357.6 345.9 358.1 368.9 368.6 362.1

* values exceed the management level
t Values exceed the aquifer top
! Map ID refers to locations shown in figure 68. 207




Table 17. Hypothetical wells simulated in Scenarios 6 and 8

[gpd, gallons per day]

Pumping rate
County Map ID* Type Location Aquifer (gpd)
Calvert 7 Major user Huntingtown Lower Patapsco 500,000
Calvert 8 Public supply | Prince Frederick Upper Patapsco 250,000
Calvert 9 Public supply | Solomons Upper Patapsco 250,000
Charles 16 Major user Billingsley Road landfill Lower Patapsco 750,000
Charles 17 Public supply | Waldorf Fire Station Lower Patapsco 500,000
Charles 18 Public supply | Barrington Drive Lower Patapsco 500,000
St. Mary’s 28 Major user Elms property Upper Patapsco 920,000
St. Mary’s 29 Public supply | Broad Creek/Twin Ponds Upper Patapsco 100,000
St. Mary’s 30 Public supply | Forrest Farms Upper Patapsco 100,000

! Map ID refers to locations shown in Figure 68.
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Appendix A. Selected well records

Hole Screen
depth interval
Altitude (feet Diameter (feet
of land below of below

Well Permit surface | Completion land screen land
number number Owner Driller (feet) date surface) (inches) surface)
AA Dc 17 AA-73-6354 Southland Corp. Branham Contractors 110.01 8/23/1976 40 2 33-40
AAFd 49 0ld South Country Club Wolford's Well & Pump Service 120 8/24/1989 800
CABb 1 Lyons, Gorman 144
CACc 55 US Navy: Naval Research Lab Delmarva Drilling 95.98 1/28/1974 1018 4 858 - 868
CADb 96 CA-94-4191 MD Geological Survey A.C. Schultes of Maryland 151.56 12/9/2002 1660 4 930 - 960
CADc 35 CA-73-0718 US Geological Survey Delmarva Drilling 91.6 10/2/1974 1000 2 750 - 760
CAFd 51 CA-73-1449 US Geological Survey Milton Stroud 129.4 9/29/1976 390 2 342 - 352
CAFd 71 CA-88-3340 Chesapeake Ranch Water Co. A.C. Schultes of Maryland 110 4/30/1993 1295 4 810 - 929*
CAFd 85 CA-94-3305 MD Geological Survey Sydnor Hydrodynamics 105.98 | 11/14/2001 1664 4 1,535 - 1,633*
CAGd 6 Calvert Marina Washington Pump & Well 12.73 1942 170 6 472 - 493
CHAc 11 CH-04-0515 Pot-O-Gold, Inc. Shannahan Artesian Well 10 9/2/1960 173 2 134-173*
CHBb 1 US Navy 29 1899 388 8 206 - 388*
CHBb 2 US Navy 26.6 1902 409 8 207 - 390*
CHBb 4 US Navy 33.8 7/27/1910 394 8 265 - 394*
CHBb 5 US Navy 42.8 7/27/1910 395 8 271 - 391*
CHBb 6 US Navy 38 1915 3975 8 251 - 397+
CHBb 7 US Navy 38.9 1915 419 8 255 - 399*
CHBb 8 US Navy 36.1 1915 397 8 223 - 394*
CHBb 9 US Navy 32.1 1915 3985 8 185 - 376*
CHBb 12 CH-01-3284 Town of Indian Head Shannahan Artesian Well 95 12/10/1953 515 10 238 - 298*
CHBb 14 CH-01-1907 US Navy (Powder Factory) Washington Pump & Well 29 10/10/1952 452 75 209 - 452+
CHBb 15 CH-02-1710 US Navy (Powder Factory) Shannahan Artesian Well 29.21 12/17/1955 600
CHBb 16 CH-02-2351 US Navy (Powder Factory) Shannahan Artesian Well 52 3/8/1956 600
CHBb 17 US Navy Sydnor Hydrodynamics 52 1957 294 10 240 - 294
CHBb 19 CH-72-0122 US Navy Layne-Atlantic 90 9/14/1972 405 12 270 - 380
CHBc 2 US Navy (Naval Ordnance Station) 16.5 1918 409
CHBc 3 US Navy (Powder Factory) 18.7 1918
CHBc 5 US Navy Sydnor Hydrodynamics 38.2 1918 430
CHBc 6 Potomac Heights Layne-Atlantic 65 5/19/1941 417 8 362 - 412
CHBc 12 CH-00-4720 Ford's Wonder Bar Columbia Pump & Well 155.9 10/4/1949 234
CHBc 15 CH-01-1904 US Navy (Powder Factory) Washington Pump & Well 76.5 3/28/1952 258 75 242 - 250
CHBc 22 CH-04-1840 Milman, Harry Shannahan Artesian Well 145 4/28/1961 281 2 271-281
CHBc 23 CH-03-0288 Town of Indian Head Shannahan Artesian Well 65 4/15/1958 352 8 229 - 311*
CHBc 24 CH-02-0874 Potomac Heights Layne-Atlantic 72 10/10/1955 446 10 383.5 - 435*
CHBc 49 CH-02-8980 Virginia Investment Co. F. Hagmann 33 1/1/1958 404 8 340 - 403.7*
CHBc 67 CH-72-0053 Town of Indian Head Shannahan Artesian Well 30 12/19/1971 522 5 488 - 522*
CHBc 68 CH-67-0051 Potomac Heights Layne-Atlantic 75 212411967 540 8 414 - 464*
CHBc 70 CH-73-2329 Town of Indian Head C. Z. Enterprizes 35 8/1/1979 483 8 372 - 442
CHBc 72 CH-81-0992 Town of Indian Head Sydnor Hydrodynamics 34 9/26/1984 58 6 224 - 347*
CHBc 74 CH-81-2919 Montrose Farms Shannahan Artesian Well 150 7/9/1988 80 2 550.5 - 642*
CHBc 75 CH-92-0500 Chapmans Landing Sydnor Hydrodynamics 124.59 6/25/1993 1160 8 820 - 923*
CHBc 77 CH 88-1028 Chapmans Landing Branham Contractors 96.64 8/10/1990 990 6 925 - 955
CHBc 80 CH-94-0897 MD Geological Survey A.C. Schultes of Maryland 123.13 8/26/1996 1140 4 1,085 -1,115*
CHBd 46 CH-81-1714 Charles Co. DPF, Eutaw Forest Sydnor Hydrodynamics 180 6/26/1986 859 4 700 - 820*
CHBd 52 CH-94-0899 MD Geological Survey A.C. Schultes of Maryland 475 9/30/1996 1043 4 1,043 - 1,095*
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Appendix A. Continued

Pumping-test data
Static Specific
water level Yield capacity
(feet (gallons (gallons per Duration
below land Date per Drawdown minute per of test Well
Aquifer surface) reported minute) (feet) foot) (hours) Remarks number

Surficial 18 8/23/1976 35 7 5.0 4 h AADc 17

c AAFd 49
Surficial - - - - - - h CABb 1
Upper Patapsco 84 1/28/1974 130 112 12 - ch CA Cc 55
Upper Patapsco 192 12/10/2002 73 33 2.2 24 c,q CADb 96
Magothy 82 10/2/1974 12 98 0.1 - h CADc 35
Piney Point 115 9/20/1976 20 50 04 2 h CAFd 51
Upper Patapsco 133 5/10/1993 70 55.37 13 24 q CAFd 71
Lower Patapsco 120.3 11/27/2001 82.4 18.6 4.4 24 cq CAFd 85
Aquia 36 - 150 75 2.0 h CAGd 6
Lower Patapsco - 9/2/1960 50 - - 4 q CHAc 11
Lower Patapsco - 1933 150 -- 2.1 q CHBb 1
Lower Patapsco - 1938 134 - 4.2 q CHBb 2
Lower Patapsco -- 1944 80 q CHBb 4
Lower Patapsco - 3/--/1961 85 q CHBb 5
Lower Patapsco - 12/--/1960 100 q CHBb 6
Lower Patapsco - 3/--/1961 95 q CHBb 7
Lower Patapsco -- 3/5/1945 155 q CHBbh 8
Lower Patapsco -- 10/8/1960 110 q CHBb 9
Lower Patapsco 149 12/10/1953 220 545 4.0 8 q CHBb 12
Lower Patapsco 159 10/10/1952 128 181 0.7 24 q CHBb 14
Lower Patapsco 150 1956 25 - - 4 q CHBb 15
Lower Patapsco 100 - 300 - - 4 q CHBb 16
Lower Patapsco 105 10/--/1960 450 - 13 q CHBb 17
Lower Patapsco 150 9/14/1972 500 98 5.1 24 q CHBb 19
Lower Patapsco - 1938 132 - 10.2 q CHBc 2
Lower Patapsco q CHBc 3
Lower Patapsco - 12/--/1960 130 - - 24 q CHBc 5
Lower Patapsco -- - 385 -- 6.0 q CHBc 6
Upper Patapsco 125 10/4/1949 12 35 0.3 3 q CHBc 12
Lower Patapsco q CHBc 15
Upper Patapsco 145 4/28/1961 20 75 0.3 4 q CHBc 22
Lower Patapsco 141 4/15/1958 240 65 3.7 24 q CHBc 23
Lower Patapsco 122 10/10/1955 250 13 19.2 4 h,q CHBc 24
Lower Patapsco 52 1/1/1958 190 108 18 48 q CHBc 49
Lower Patapsco 102 12/12/1971 300 79 3.8 24 q CHBc 67
Lower Patapsco 148 22411967 517 140 3.7 24 q CHBc 68
Lower Patapsco 80 8/11/1979 96 226 0.4 24 q CHBc 70
Lower Patapsco 95.8 9/26/1984 160 60 2.7 24 q CHBc 72
Lower Patapsco q CHBc 74
Patuxent 121 6/25/1993 500 85 5.9 72 q CHBc 75
Patuxent 94 8/10/1990 270 80 34 24 h CHBc 77
Patuxent 129.07 8/29/1996 37 146.41 0.3 12 q CHBc 80
Lower Patapsco 233.5 6/26/1986 90 54.5 1.7 q CHBd 46
Patuxent 48.5 10/8/1996 60 50.1 1.2 12 q CH Bd 52
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Appendix A. Continued

Hole Screen
depth interval
Altitude (feet Diameter (feet
of land below of below

Well Permit surface | Completion land screen land
number number Owner Driller (feet) date surface) (inches) surface)
CH Be 57 CH-81-1194 Charles Co. DPF, Smallwood West Layne-Atlantic 212.26 6/12/1985 1802 4 1,660 - 1,696
CH Be 58 Charles Co. DPF, Smallwood West Layne-Atlantic 212.5 8/29/1985 1170 8 925 - 1,160*
CH Be 60 CH-81-1468 US Geological Survey East Coast Well & Pump 212.8 5/5/1986 700 4 610 - 625
CHBf134 CH-70-0067 Charles Co. DPF Sydnor Hydrodynamics 202.09 8/28/1970 564 4 402 - 546*
CH Bf 146 CH-81-0593 Charles Co. DPF, St. Paul Sydnor Hydrodynamics 192.8 12/23/1983 1660 6 1,059 - 1,417*
CH Bf 147 CH-81-0738 Charles Co. DPF, St. Paul Sydnor Hydrodynamics 195 2/29/1984 121 12 1,059 - 1,417*
CH Bf 150 CH-81-1195 Charles Co. DPF, White Oak Drive Sydnor Hydrodynamics 215 7/24/1985 103 8 797 - 1,336*
CH Bf 151 CH-81-1265 US Geological Survey East Coast Well & Pump 192.8 4/23/1986 680 4 645 - 660
CH Bf 157 CH-81-1846 US Geological Survey W. C. Services 225 9/9/1986 642 4 608 - 623
CH Bf 158 CH-81-1847 US Geological Survey W. C. Services 193 9/17/1986 802 4 630 - 645
CHBg 17 CH-94-5325 MD Geological Survey A.C. Schultes of Maryland 199.16 3/3/2003 1660 1,299 - 1,343*
CHCb 7 CH-01-1908 US Navy Washington Pump & Well 36 3/3/1952 400 75 154 - 167
CHCh 8 CH-01-1932 US Navy Shannahan Artesian Well 38 5/28/1953 242 12 85 - 242¢
CHCb 9 CH-01-1931 Board of Education Shannahan Artesian Well 24.3 6/30/1953 623.3 8 191 - 280*
CHCb 10 US Navy (Powder Factory) Washington Pump & Well 20 1945 610
CHCb 11 US Navy Washington Pump & Well 10 1945 454
CHCb 16 CH-01-3185 US Navy (Powder Factory) Shannahan Artesian Well 31 1954 605 8 208 - 302*
CHCb 18 CH-01-5753 US Navy Shannahan Artesian Well 30.5 4/20/1954 452 8 261 - 295
CHCb 19 CH-01-3185 US Navy Shannahan Artesian Well 32 5/15/1954 605 8 208 - 302*
CHCb 26 US Navy Sydnor Hydrodynamics 5 1958 600 4 185 - 230*
CHCb 28 CH-04-1102 US Navy Layne-Atlantic 5 1/17/1961 331 10 190 - 290*
CHCb 29 US Navy Sydnor Hydrodynamics 12.4 1956 350 10 228 - 286*
CHCb 34 CH-72-0121 US Navy Layne-Atlantic 30 7/10/1972 233 12 217-232
CHCb 35 CH-81-0572 US Navy East Coast Well & Pump 25 12/6/1984 503 4 433 - 486*
CHCb 38 US Navy Calvert Well 4 5/30/1978 250 2 220-235
CHCb 39 CH-73-2804 Sweden Point Marina Shannahan Artesian Well 10 12/17/1980 300 4 301 - 383*
CHCb 40 CH-73-0357 General Smallwood State Park Shannahan Artesian Well 80 5/6/1974 301 4 287-301
CHCc 5 CH-00-6948 Scott, Miriam Marvin Seek 170 11/24/1950 274
CHCc 34 CH-94-0898 MD Geological Survey A.C. Schultes of Maryland 41.82 7/17/1996 1170 4 874 - 955*
CHCd 7 CH-00-2998 Hawthorne Country Club Washington Pump & Well 160 9/28/1948 564.5 55 554.5 - 564.5
CHCd 9 CH-00-9771 Board of Education Washington Pump & Well 149 5/28/1952 423 55 416 - 423
CHCd 24 CH-03-3114 US Navy Sydnor Hydrodynamics 175 3/3/1955 1003 55 885 - 970*
CHCd 43 CH-70-0008 Charles Co. Community College Patuxent Pump & Well 68 9/13/1969 540 4 521 - 536
CHCe 3 Town of La Plata Sydnor Hydrodynamics 186 1929 625 6 621 - 625
CHCe 18 CH-03-1514 Army Corps of Engineers James R. Bell 197 1/27/1959 1219 6 1,178-1211
CH Ce 37 CH-73-0219 US Geological Survey Sydnor Hydrodynamics 184.95 11/9/1973 40 4 1,174 - 1,340*
CH Ce 55 Town of La Plata
CH Ce 56 CH94-1111 Town of La Plata Sydnor Hydrodynamics 196.48 3/18/1997 1307 4 896 — 1,258*
CH Ce 57 CH94-1112 Town of La Plata Sydnor Hydrodynamics 193.47 2/17/1997 1871 1,406 - 1,698*
CHCg 24 CH-94-4194 MD Geological Survey Sydnor Hydrodynamics 171.04 1/16/2002 1667 795 - 825
CHDa 1 CH-00-1548 Sullivan, E. Wilson 215 8/1/1947 210
CHDa 18 CH-73-0586 PEPCO, Douglas Point A.C. Schultes of Maryland 89.9 11/19/1975 772 8 684 - 740*
CHEe 16 Bowling, J. B. 40 23
CH Ee 56 CH-04-1097 Zimmerman, A. H. Shannahan Artesian Well 145 12/10/1960 503 2 493 - 503
CHEe 78 CH-73-1965 Charles Co. DPF, Clifton-on-the-Potomac Leazer Pump & Well 75 10/31/1979 1220 7 1,148 - 1,199*

211




Appendix A. Continued

Pumping-test data
Static Specific
water level Yield capacity
(feet (gallons (gallons per Duration
below land Date per Drawdown minute per of test Well
Aquifer surface) reported minute) (feet) foot) (hours) Remarks number
Patuxent 199.4 6/12/1985 36 80 0.5 c,h CH Be 57
Lower Patapsco 236.6 8/29/1985 550 1137 4.8 24 h,q CH Be 58
Upper Patapsco 131.9 4/23/1986 27 144 0.2 24 q CH Be 60
Magothy 182 8/28/1970 250 60 4.2 77 h CHBf 134
Lower Patapsco 200.5 12/21/1983 164 46.4 35 8 q CH Bf 146
Lower Patapsco q CH Bf 147
Lower Patapsco 228 7124/1985 554 85 6.5 24 c,q CH Bf 150
Upper Patapsco 235 4/23/1986 90 103 0.9 12 q CH Bf 151
Upper Patapsco 266.5 9/8/1986 30 90.6 0.3 24 q CH Bf 157
Upper Patapsco 222.9 9/17/1986 50 123.9 0.4 24 q CH Bf 158
Lower Patapsco 253 3/4/2003 60 39 15 24 c,q CHBg 17
Lower Patapsco 86 200 73 2.7 24 q CHCh 7
Lower Patapsco 52 5/28/1953 559 79 7.1 24 q CHCh 8
Lower Patapsco 52 6/30/1953 310 140 2.2 24 q CHCb 9
Patuxent 1953 52 q CHCb 10
Lower Patapsco 30 1945 80 127 0.6 q CHCb 11
Lower Patapsco q CHCb 16
Lower Patapsco 77 4/20/1954 350 1335 2.6 12 q CHCb 18
Lower Patapsco 95 5/15/1954 363 92 3.9 24 q CHCb 19
Lower Patapsco 48 12/3/1958 23 12 1.9 q CHCb 26
Lower Patapsco 65 1/17/1961 275 135 2.0 40 q CHCb 28
Lower Patapsco 1957 383 q CHCb 29
Lower Patapsco 83 7/10/1972 250 117 2.1 24 cq CHCb 34
Patuxent 84 12/6/1984 226 171 13 24 q CHCb 35
Lower Patapsco 18 5/30/1978 20 82 0.2 5 q CHCb 38
Lower Patapsco 79 12/17/1980 32 87 04 24 q CHCb 39
Lower Patapsco 107 5/6/1974 17 22 0.8 10 q CHCb 40
Upper Patapsco 68 11/24/1950 8 4 q CHCc 5
Patuxent 48.52 7/19/1996 50 141.65 04 12 q CHCc 34
Upper Patapsco 165 35 100 0.4 12 q CHCd 7
Upper Patapsco 130 5/28/1952 40 204 0.2 18 q CHCd 9
Lower Patapsco 178 3/3/1955 65 135 0.5 48 q CHCd 24
Upper Patapsco 90 9/13/1969 36 63 0.6 h CHCd 43
Upper Patapsco 160 1929 60 71 0.9 q CHCe 3
Lower Patapsco 190 11/14/1958 210 158 13 66 q CHCe 18
Lower Patapsco 189.35 11/8/1973 120 29.64 4.1 24 q CH Ce 37
Lower Patapsco q CH Ce 55
Lower Patapsco q CH Ce 56
Patuxent cq CH Ce 57
Upper Patapsco 219.25 1/16/2002 56.27 34.17 17 24 [ CHCg 24
Lower Patapsco 21 8/1/1947 18 8 2.3 5 q CHDa 1
Patuxent h CHDa 18
Surficial h CHEe 16
Upper Patapsco 130 12/10/1960 16 23 0.7 4 q CH Ee 56
Lower Patapsco 126.42 10/31/1979 116.68 113.58 1.0 24 q CHEe 78
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Appendix A. Continued

Hole Screen
depth interval
Altitude (feet Diameter (feet
of land below of below

Well Permit surface | Completion land screen land
number number Owner Driller (feet) date surface) (inches) surface)
CHEe 91 CH-81-0761 Charles Co. DPF, Clifton-on-the-Potomac Layne-Atlantic 68.19 1104 6 1,000 - 1,096*
CHEe 94 CH-94-3763 Mirant Corp. A.C. Schultes of Maryland 25 6/10/2001 1141 8 1,080-1,120
CHFe 3 CH-03-9674 Austin, T. R. Shannahan Artesian Well 9 7/23/1960 373 2 368 -373
CHFe 5 CH-73-2765 USS Realty Development Sydnor Hydrodynamics 12 1/22/1981 900 6 520 - 857*
CH Ff 60 CH-81-0762 Swan Point Layne-Atlantic 12 3/30/1984 1100 6 808 - 982*
PG Fd 62 Washington Gas Light Co. Eakle & Holder Drilling 228.6 8/00/1956 1812 1,545 - 1,580
PG Hf 31 PG-73-0065 Mirant Corp. Shannahan Artesian Well 10.02 71711973 676 4 1,007 - 1,541*
SMBb 27 Charlotte Hall Veterans Home 164
SM Bc 39 SM-94-3921 MD Geological Survey Sydnor Hydrodynamics 161.54 3/18/2002 1600 4 1,492 - 1,532*
SM Dd 50 SM-73-3082 US Geological Survey Shannahan Artesian Well 99.4 10/26/1978 579 505 - 515
SMDd 72 SM-94-3616 MD Geological Survey A.C. Schultes of Maryland 109.99 5/16/2001 1650 4 1,300 -1,330
SM Df 26 Clarke, Thomas Lee Herbert 110 1940
SM Df 66 SM-73-1990 US Geological Survey Milton Stroud 15 7/15/1976 341 2 248 - 258
SMDf 71 SM-73-3431 US Geological Survey Paul Kanaar 69.15 7/9/1979 620 2 550 - 560
SM Df 84 SM-81-0119 MD Geological Survey A.C. Schultes of Maryland 108.39 1/5/1983 2682 4 831-912*
SM Df 100 SM-94-3113 US Navy A.C. Schultes of Maryland 21 8/17/2000 8 706 - 905*
SM Ef 56 SM-67-0089 US Geological Survey East Coast Well & Pump 108 12/5/1966 1509 4 317-322
SM Ff 36 SM-73-1478 Kitts Point Utility Corp. Patuxent Pump & Well 5.5 10/29/1975 940 6 594 - 618
SM Ff 65 SM-94-3700 US Navy A.C. Schultes of Maryland 10 8/10/2001 1050 8 635 - 874*
Owner abbreviations: Driller abbreviations: Other abbreviations:
Co. Company or county A. C. Schultes of Maryland --=none or no data
Corp. Corporation Branham Well Drilling Contractors * = Screen interval includes blank sections
DPF Department of Facilities Calvert Well Drilling Company ¢ = included in cross sections
Inc. Incorporated Columbia Pump & Well Company h = hydrograph
MD Maryland C. Z. Enterprises, Incorporated q = water quality analysis
PEPCO Potomac Electric Power Company Delmarva Drilling Company
us United States Eakle & Holder Drilling Company

East Coast Well & Pump, Incorporated
Layne-Atlantic Company

Leazer Pump & Well Company, Incorporated
Patuxent Pump & Well, Incorporated
Shannahan Artesian Well Company

Sydnor Hydrodynamics, Incorporated
Washington Pump & Well Company

W. C. Services, Incorporated

Wolford's Well & Pump Service, Incorporated
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Appendix A. Continued
Pumping-test data
Static Specific
water level Yield capacity
(feet (gallons (gallons per Duration
below land Date per Drawdown minute per of test Well
Aquifer surface) reported minute) (feet) foot) (hours) Remarks number

Lower Patapsco 103 1/25/1984 317 192 17 24 q CHEe 91
Lower Patapsco 121 6/10/2001 370 231 16 24 c CHEe 94
Upper Patapsco 10 7123/1960 17 4 q CHFe 3
Upper Patapsco 17 1/22/1981 340 183 1.9 24 q CHFe 5
Lower Patapsco 24 3/30/1984 506 56 9.0 24 c,q CH Ff 60
Patuxent h PG Fd 62
Lower Patapsco 6 71711973 93 19 4.9 24 c PG Hf 31
Aguia c SMBb 27
Lower Patapsco 190.61 3/28/2002 66.25 36.89 1.8 24 [ SM Bc 39
Agquia 124 10/26/1978 12 36 0.3 4 h SM Dd 50
Lower Patapsco 131 5/16/2001 70 29 24 24 c,q SMDd 72
Surficial h SM Df 26
Piney Point 41 7/15/1976 12 21 0.6 4 h SM Df 66
Aquia 123 7/9/11979 20 23 0.9 1 h SMDf 71
Upper Patapsco 115 1/5/1983 200 50 4.0 24 c,hg SM Df 84
Upper Patapsco cq SM Df 100
Piney Point 115 12/5/1966 45 185 0.2 4 c SM Ef 56
Upper Patapsco 5 10/29/1975 300 90 33 24 q SM Ff 36
Upper Patapsco c SM Ff 65
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Appendix B. Selected water-quality analyses for wells screened in the Upper Patapsco, Lower
Patapsco, and Patuxent aquifers in Calvert, Charles, and St. Mary’s Counties

[deg C, degrees Celsius; pS/cm, microsiemens per centimeter at 25° Celsius; mg/L, milligrams per liter; ug/L, micrograms per liter;
pCi/L, picoCuries per liter; *, lab pH; <, less than; E, estimated; M, measured; --, not reported]

Specific Residue Sulfate  Alkalinity

pH, Temperature conductance @180 Sodium Potassium Calcium  Magnesium  (mg/L  (mg/L as
Well number  Date field (deg C) (uS/cm) deg C (mg/L) (mg/L) (mg/L) (mg/L) as SO,) CaCOy)
Upper Patapsco aquifer
CA Db 96 2/4/2003 7.0 18.5 240 127 12.1 10.4 13.9 9.13 3.9 110
CAFd 71 5/10/1993 7.9 20.7 202 126 44 4.4 0.69 0.36 5.1 96
CHBc 12 3/28/1950 7.8 -- 357 224 70 8.6 59 2.4 13 --
CHBc 22 2/7/1956 8.2 -- 260 -- - - -- -- -- --
CH Be 60 4/23/1986 7.4 17 310 181 64 6.1 25 1 7.7 150
CH Bf 151 3/11/1986 7.5 15 335 163 20 12 26 9.1 9.4 149
CH Bf 157 9/8/1986 8.2 19 300 188 24 12 25 8.8 8.5 157
CH Bf 158 9/30/1986 8.5 19 260 160 35 8 11 4.6 9.9 124
CHCc 5 4/2/1952 7.9 -- 411 265 88 7.6 59 3.5 7.5 -
CHCd 7 4/3/1952 7.9 -- 465 306 116 4.9 21 0.2 4 -
CHCd 9 3/9/1961 7.9 -- 423 275 96 5.7 3 0.1 5.2 -
CHCe 3 1/22/1947 8.0 -- 514 338 121 4.7 1.1 0.8 11 --
CH Cg 24 1/29/2002 7.3 19.8 281 -- 48.3 7.24 6.63 3.03 8.6 131
CH Ee 56 3/9/1961 7.6 16.5 301 186 66 2.6 2 0.2 8 -
CHFe 3  12/15/1961 8.2 16 355 225 86 3.8 1.2 <.05 8.2 -
CHFe 5 1/21/1981 7.9 195 430 325 130 3.3 0.4 0.2 15 230
SM Df 84 1/5/1983 8.4 20.5 261 171 68 2.5 0.59 0.32 6 157
SM Df 100  8/11/2000 8.4 21 238 165 56.3 2.3 0.39 0.203 4.6 177
SM Ff 36 5/15/2001 9.8 18 582 349 126 7.01 1.52 0.463 0.2 293
Lower Patapsco aquifer
CAFd 85 11/28/2001 8.7 25.2 414 264 102 1.7 1.08 0.261 13.6 213
CHAc 11 3/9/1961 6.8 15.7 149 122 30 2.3 1.8 0.4 0.2 -
CHBb 1 7/13/1956 8.0 -- 299 229 69 2.9 0.7 0.1 9.6 -
CHBb 2 5/28/1952 8.3 -- 342 222 78 25 0.3 0.2 10 -
CHBb 4 5/28/1952 8.2 -- 291 215 68 2.7 0.4 0.1 16 --
CHBb 5 7/13/1956 8.0 14.5 270 202 67 2.4 0.3 <.05 11 --
CHBb 6 5/17/1988 7.9 17 286 196 67 2.3 0.27 0.25 9 123
CHBb 7 5/17/1988 7.9 18 315 202 70 2.3 0.31 0.27 10 135
CHBb 8 10/14/1957 7.9 15.5 314 227 69 3.2 0.4 0.5 10 --
CHBb 9 5/17/1988 7.8 17 262 187 62 1.8 0.36 0.34 11 122
CHBb 12 5/19/1988 7.2 18.4 750 477 170 7.7 5.8 3.9 4.8 334
CHBb 14 10/14/1957 7.8 15.5 314 218 66 3.2 0.4 0.5 9.4 --
CHBb 15 1/5/1956 8.2 - 352 238 60 52 6.8 4.4 16 -
CHBb 16 3/1/1956 8.3 - 325 -- -- - -- - - -
CHBb 17 5/24/1988 7.7 19.1 497 307 110 3.6 4.4 0.86 2.1 182
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Appendix B. Continued

Gross Gross

Nitrite plus Total alpha- beta-

nitrate organic Radon- particle  particle

Chloride Fluoride Iron Manganese Arsenic (mg/L Phosphorus  carbon Silica 222 activity  activity Well
(mg/L) (mg/L)  (pg/L) (ng/L) (pg/L) as N) (mg/L) (mg/L)  (mg/L) (pCi/L) (pCilL) (pCi/L) number

Upper Patapsco aquifer
0.94 0.39 4900 89 0.3 <.06 - E.4 9.1 150 7 17 CADb 96
1.9 0.3 110 18 -- -- - - 11 - - -- CAFd 71
1.2 0.5 -- - - - - -- 16 -- -- -- CHBc 12
2.8 -- - - - - - -- -- -- -- -- CHBc 22
1.6 0.5 85 29 <1 -- 0.11 -- 10 -- - - CH Be 60
0.9 0.2 350 24 <1 -- 0.03 0.1 9.7 -- - - CH Bf 151
1.2 0.2 500 20 <1 -- 0.03 0.4 9.3 -- - - CH Bf 157
0.7 0.4 530 14 <1 - 0.01 0.5 9.9 -- - - CH Bf 158
0.5 0.9 - - - - - - 19 - - - CHCc 5
7 1.3 - - - - - - 24 - - - CHCd 7
0.5 0.9 - - - - - - 36 - - - CHCd 9
3.8 1.2 - - - - - - 34 - - - CHCe 3
0.4 270 15.1 0.3 0.05 0.103 3.4 105 - - - CHCg 24
0.6 -- -- -- -- - - 17 - - -- CH Ee 56
25 0.7 - - - - - - 13 - - - CHFe 3
1.3 1.3 220 20 -- -- -- -- 36 -- -- -- CHFe 5
1.8 0.3 30 10 1 <.100 0.38 0.4 12 -- -- -- SM Df 84
1.74 0.4 51 9.3 -- -- -- - 12.6 - - -- SM Df 100
2 1.1 <10 <3.2 -- -- - - 14.3 - -- -- SM Ff 36
Lower Patapsco aquifer
2.07 0.4 105 12.5 <.2 <.05 - E.4 13.5 140 M 2 CAFd 85
2.2 0.4 - - - - - - 45 - - . CH Ac 11
11 0.8 - - - - - - 30 - - - CHBb 1
20 0.6 - - - - - - 19 - - - CHBb 2
10 0.8 - - - - - - 25 - - - CHBb 4
6.1 0.9 - - - - - - 34 - - . CHBb 5
7.5 0.9 45 14 - - - 0.3 33 - - - CHBb 6
1 1 78 7 - - - 0.1 33 - - - CHBb 7
8.5 0.9 - - - - - - 36 - - - CHBb 8
2.9 0.8 34 10 - - - 0.2 34 - - - CHBb 9
49 0.3 1000 89 - - - 35 35 - - - CHBb 12
11 0.8 - - - - - - 34 - - - CHBb 14
15 0.3 - - - - - - 37 - - - CHBb 15
13 - - - - - - - - - - - CHBb 16
47 0.8 410 7 - - - 1.2 30 - - - CHBb 17



Appendix B. Continued

Specific Residue Sulfate  Alkalinity
pH, Temperature conductance @180 Sodium Potassium Calcium  Magnesium  (mg/L  (mg/L as
Well nhumber Date field (deg C) (uS/cm) deg C (mg/L) (mg/L) (mg/L) (mg/L) as SO,) CaCOj)
CHBb 19 5/18/1988 7.6 17.4 473 319 110 3.6 0.75 0.73 3.6 217
CHBc 2 10/14/1957 7.8 155 255 193 59 3.2 0.4 0.1 10 -
CHBc 3 5/17/1988 8.0 18 281 193 67 2 0.19 0.14 8.3 131
CHBc 5 5/25/1988 8.0 16.2 420 272 100 35 0.65 0.51 9.1 154
CHBc 6 5/19/1988 8.0 17.2 252 186 57 1 0.05 0.03 14 110
CHBc 15 4/14/1955 7.8 - 299 215 68 3.6 0.6 1 7.3 -
CHBc 23 5/19/1988 7.5 18.5 720 462 140 7.2 4.1 31 3.9 327
CHBc 24 5/26/1988 7.2 17.7 659 410 80 9.9 34 14 42 202
CH Bc 49 5/19/1988 7.6 17 294 206 68 2.8 0.58 0.27 10 132
CH Bc 67 5/19/1988 7.7 18.4 675 402 150 4 0.29 0.24 7.3 154
CHBc 68 5/19/1988 7.8 16.4 244 182 58 1.2 0.12 0.12 18 113
CHBc 70 5/19/1988 7.7 18.4 242 181 60 1.8 0.09 0.14 13 112
CHBc 72 5/19/1988 7.8 17.2 264 197 64 23 0.33 0.19 10 123
CHBc 74 10/25/1989 7.9 16.9 239 167 55 - 0.22 0.04 15 101
CH Bd 46 6/26/1986 7.4 18.1 410 297 95 3.7 0.6 0.3 13 209
CH Be 58 8/28/1985 7.6 21 350 210 70 2.6 0.9 0.3 16 132
CHBf146 12/21/1983 8.0 23 260 204 64 15 0.48 0.11 11 135
CH Bf 147 2/27/1984 7.4 22 270 304 66 1.6 0.24 0.19 9.3 132
CH Bf 150 7/16/1985 8.3 225 245 183 56 1 0.21 0.12 23 102
CHBg 17 3/4/2003 8.0 20.6 240 152 54.2 3.21 1.09 0.512 5.8 119
CHCb 7 5/11/1988 6.8 14 290 - 63 2.7 2.8 1.7 9.9 134
CHCb 8 8/26/1953 6.9 - 536 339 47 2.7 23 19 0.8 -
CHCb 9 5/17/1988 7.8 16.5 370 242 76 2.8 0.83 0.74 11 146
CHCb 11 5/18/1988 7.5 17.2 590 374 140 4.6 15 0.74 8.3 234
CHCb 16 4/27/1961 7.6 - 340 232 76 35 0.3 0.1 12 -
CHCb 18 5/17/1988 7.6 16.5 481 304 110 2.8 0.42 0.51 7.6 181
CHCb 19 5/18/1988 8.0 185 374 242 86 2.7 0.52 0.48 8.1 156
CHCb 26 11/12/1958 7.5 10 334 220 73 4.3 14 0.8 11 -
CHCb 28 5/18/1988 7.5 16.5 297 201 66 3.9 1.7 13 12 129
CHCb 29 5/17/1988 8.0 17 302 207 70 2 0.25 0.21 10 138
CHCb 34 5/17/1988 7.0 145 1310 768 270 7.5 8.1 8.7 12 367
CHCb 38 5/18/1988 7.7 16.8 290 201 62 3 11 1 15 134
CHCb 39 11/2/1989 7.9 155 257 183 66 - 0.18 0.21 12 126
CHCb 40 11/2/1989 7.6 15 384 249 85 - 0.78 0.77 10 186
CHCd 24 5/12/1960 7.8 - 279 200 - - 1.2 12 13 -
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Appendix B. Continued

Gross Gross

Nitrite plus Total alpha- beta-

nitrate organic Radon- particle particle

Chloride Fluoride Iron Manganese Arsenic (mg/L Phosphorus  carbon Silica 222 activity  activity Well
(mg/L) (mg/L)  (ug/L) (ug/L) (ug/L) as N) (mg/L) (mg/L) (mg/L) (pCi/lL) (pCilL) (pCi/L) number

21 0.6 170 27 - - - 13 35 - - - CHBb 19
25 0.8 - - - - - - 37 - - - CHBc 2
6.2 0.8 59 6 - - - 0.3 33 - - - CHBc 3
42 0.8 260 18 - - - 0.3 25 - - - CHBc 5
29 0.9 69 1 - - - 0.5 37 - - - CHBc 6
6 1.1 - - - - - - 36 - - - CHBc 15
41 0.4 760 88 - - - 35 34 - - - CHBc 23
60 0.5 1400 43 - - - 2 33 - - - CHBc 24
8.8 0.7 130 8 - - - 0.6 33 - - - CH Bc 49
120 15 110 14 - - - <1 35 - - - CHBc 67
1.6 0.7 57 - - - 0.2 36 - - - CH Bc 68
1.3 0.9 80 - - - 0.1 35 - - - CHBc 70
3.7 0.8 97 11 - - - 0.5 36 - - - CHBc 72
1.3 - 21 2 - - - 0.3 35 - - - CHBc 74
29 1.4 220 24 <1 - 11 0.3 33 - - - CH Bd 46
19 1 31 18 <1 - 1 1 38 - - - CH Be 58
21 0.9 60 10 - - - - 33 - - - CH Bf 146
2.6 0.9 140 20 - - - - 83 - - - CH Bf 147
4 0.4 7 2 <1 - 0.37 - 21 - - - CH Bf 150
0.78 1.26 204 13.9 <3 <.06 - E.3 10.2 330 M 4 CHBg 17
7.1 0.9 370 55 - - - - 33 - - - CHCb 7
101 <.05 - - - - - - 32 - - - CHCb 8
22 11 110 19 - - - 0.6 33 - - - CHCb 9
45 1.2 480 21 - - - <1 34 - - - CHCb 11
11 1.3 - - - - - - 35 - - - CHCb 16
40 11 170 19 - - - 0.8 33 - - - CHCb 18
18 0.8 100 16 - - - 0.7 35 - - - CHCb 19
13 11 - - - - - - 35 - - - CHCb 26
7.2 11 640 30 - - - 0.2 32 - - - CHCb 28
7 0.8 110 10 - - - 0.1 34 - - - CHCb 29
210 0.5 2400 370 - - - 5.2 39 - - - CHCb 34
3.1 1 460 22 - - - 0.2 33 - - - CHCb 38
2.3 - 280 11 - - - 0.3 34 - - - CHCb 39
1.7 - 610 24 - - - 0.5 32 - - - CHCb 40
75 12 - - - - - - 40 - - - CHCd 24
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Appendix B. Continued

Specific Residue Sulfate  Alkalinity

pH, Temperature conductance @180 Sodium Potassium Calcium  Magnesium  (mg/L  (mg/L as
Well number Date field (deg C) (uS/cm) deg C (mg/L) (mg/L) (mg/L) (mg/L) as SO,) CaCO0j)
CH Ce 18 6/17/1959 7.9 - 273 210 - - 0.4 0.6 15 -
CH Ce 37 11/9/1973 7.7 - 275 - 70 1.7 0.2 0.1 17 -
CH Ce 55 6/26/1997 7.4 - 394 - - - - - - -
CH Ce 56 3/19/1997 7.7 - 370 302 79.2 2.08 0.52 0.167 13.4 162
CHDa 1 3/20/1951 7.4 11 371 244 54 7.6 15 9.4 9 -
CHEe 78 6/16/1978 7.8 23 620 402 140 24 1 0.4 24 -
CHEe 91 1/12/1984 7.5* - - 298 100 21 0.4 0.2 12 204
CH Ff 60 5/1/1984 7.8 22 345 315 88 1.8 0.28 0.15 12 180
SM Bc 39 3/28/2002 8.4 26 297 188 69.9 0.98 0.4 0.139 10 147
SMDd 72 5/15/2001 8.3 225 420 267 97.2 1.26 0.45 0.189 15.2 207
Patuxent aquifer
CHBc 75 11/24/1996 7.9 19.5 306 214 68 1.8 0.47 0.08 7.7 129
CH Bc 80 8/29/1996 7.8 - 593 378 150 33 0.48 0.23 7.8 252
CH Bd 52 10/8/1996 7.7 20.3 425 278 98 24 0.83 0.15 8.4 192
CHCb 10 10/18/1955 7.5 - 464 308 104 1.1 14 1 6.6 -
CHCb 35 5/18/1988 7.8 19.1 575 366 130 34 0.39 0.39 7.7 227
CHCc 34 7/19/1996 7.8 21.4 373 244 85 25 0.29 0.11 9 151
CH Ce 57 2/19/1997 7.3 23 1010 602 220 3.8 1.7 0.52 10 366
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Appendix B. Continued

Gross Gross

Nitrite plus Total alpha- beta-

nitrate organic Radon- particle particle

Chloride Fluoride Iron Manganese Arsenic (mg/L Phosphorus  carbon Silica 222 activity  activity Well
(mg/L) (mg/L)  (ug/L) (ug/L) (ug/L) as N) (mg/L) (mg/L) (mg/L) (pCi/lL) (pCilL) (pCi/L) number

2 0.9 - - - - - - 41 - - - CHCe 18
21 1.2 - - - - - - 37 - - - CH Ce 37
- - - - - - - - - 360 - - CH Ce 55
1.86 11 249 13.2 - <.05 - - 41 380 6.4 5.6 CH Ce 56
6.8 0.1 - - - - - - 32 - - - CHDa 1
31 0.8 490 20 - - - - 42 - - - CHEe 78
9.6 11 380 20 - - - - 4 - - - CHEe 91
1.7 14 100 10 - - - - 37 - - - CH Ff 60
2.29 0.7 - 340 E.l - - - 15.7 - - - SM Bc 39
2.03 0.7 49 8.1 <.2 <.05 - 4.2 145 - 14 1 SMDd 72
Patuxent aquifer
16 0.9 17 - - - - 22 - - - CHBc 75
43 0.9 48 - - - - 16 - - - CH Bc 80
20 0.8 80 - - - - 34 - - - CH Bd 52
28 0.7 - - - - - - 33 - - - CHCb 10
44 12 110 120 - - - <1 34 - - - CHCb 35
21 1.3 100 13 - 0.09 1.3 - 38 - - - CHCc 34
96 1.2 450 28 - - - - 41 - - - CH Ce 57
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Appendix C. Summary of palynological data from Southern Maryland test wells

[Palynological analyses for wells CA Db 96, CH Cg 24, SM Bc 39, and SM Dd 72 were performed by Dr. Gilbert Brenner of the State University of New York at New Paltz, on unwashed drill cuttings
from four test wells in Southern Maryland. Uphole contamination was extensive, and dating was based on the first occurrence of diagnostic forms working downward in the sample sequence.

Palynological analyses for SM Df 84 were performed on core samples (Hansen and Wilson, 1984)]

CHCg 24

SM Bc 39

SM Dd 72

Altitude

(feet
relative
to sea
level

152

171

162

110

Depth of
sample interval
(feet below
land surface)
Top Bottom
600 620
700 720
780 800
880 890
1,000 1,015
1,235 1,240
1,340 1,360
1,440 1,460
1,520 1,540
1,590 1,610
520 530
550 560
610 620
600 610
620 630
640 650
600 620
640 660
660 680
680 700
720 740
760 780
930 950
950 970
1,070 1,090
1,110 1,130
1,130 1,150
1,330 1,350
1,550 1,570
1,570 1,590
1,590 1,610

1,650

1,650

Stratigraphic determination

Paleocene

Upper Cretaceous
Upper Cretaceous
Barren

Upper Cretaceous
Cretaceous

Lower Cretaceous
Lower Cretaceous
Lower Cretaceous
Lower Cretaceous
Paleocene

Upper Cretaceous
Upper Cretaceous
Paleocene(?)
Paleocene or Upper Cretaceous
Upper Cretaceous
Lower Cretaceous
Barren

Barren

Barren

Lower Cretaceous
Barren

Barren

Lower Cretaceous
Lower Cretaceous
Lower Cretaceous
Lower Cretaceous
Lower Cretaceous
Lower Cretaceous
Lower Cretaceous
Lower Cretaceous
Barren

Maestrichtian(?)

Santonian

Early Cenomanian

Albian or Early Cenomanian(?)
Albian

Albian

Albian

Late Aptian(?) to Early Albian
Danian(?)

Campanian(?)

Early Campanian(?)
Maestrichtian

Late Santonian(?) to Campanian
Albian

Albian
Albian
Albian
Albian
Early Albian
Early Albian
Early Albian
Albian

Formation Palynozone
Aquia -
Monmouth(?) -
Magothy -

Upper Patapsco 11l
Patapsco(?) Il or 11(?)
Patapsco 1B
Patapsco 1B
Patapsco 1B

Lower Patapsco or Arundel --
Brightseat(?) -

Upper Matawan or Monmouth --

Lower Matawan --
Aquia(?) --
Aquia/Brightseat or Monmouth --
Magothy or Matawan -

Upper Patapsco 11B or 1IC(?)
Upper Patapsco 11B(?) or lIC
Patapsco 1B

Lower Patapsco 11A(?)
Lower Patapsco 11A(?)
Lower Patapsco 1A

Lower Patapsco 11A(?)

Arundel
Arundel
Arundel

1(?)
I(?)
I(?)



Appendix C. Continued

Altitude
(feet
relative
to sea
level

108

Formation

Depth of
sample interval
(feet below
land surface)
Top Bottom Stratigraphic determination

725 Paleocene(?) -

875 Paleocene -

940 Paleocene --
1,085 Cretaceous Middle Albian
1,170 Cretaceous Middle Albian
1,265 Cretaceous Middle Albian
1,350 Barren -
1,860 Barren -
1,940 Barren --
2,110 Barren --
2,992 2,302 Barren --
2,367 2,368 Barren --
2,500 2,510 Barren -
2,609 2,619 Cretaceous(?) --

Patapsco
Patapsco
Patapsco

Palynozone

Pre-zone 1(?)
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Appendix D. Ground-water appropriation permits and pumpage simulated in the Piney Point aquifer

[*, Public-supply appropriation; for abbreviations, see page 236]

Average Pumpage

Map GAP (thousand gallons per day)

identifier GAP (as of

(fig. 50) number User name 2002) 1952 1982 1994 2002
1 CA53G002* Scientists Cliffs Association, Inc. 33 0 33 21 28
2 CA56G002* CA CO Comm., White Sands Subdivision (previously White Sands Corp.) 10 2 6 5 4
3 CA59G001* CA CO Comm., Hunting Hills 10 0 56 10 5
4 CA60G202* Chesapeake Ranch Water Company 40 0 0 0 0
5 CA62G001* Beaches Water Company, Inc., Long Beach 69 0 88 61 94
6 CA66G001* Edward Crooks (Western Shores Estates) 25 0 0 29 9
7 CA68G009* CA CO Comm., Calvert Water System (previously Kenwood Beach) 25 0 21 18 16
8 CA74G002* CA CO Comm., Dares Beach 25 0 32 14 19
9 CA78G011* CA CO Comm., Calvert Beach Park West 40 0 11 27 10
10 CA89G006  Brisco, James T. 50 0 0 0 0
11 SM52G002* Waring, Henry T., Lord Calvert Trailer Park (previously James Hill Trailer Park) 150 49 148 203 47
12 SM74G118 NAS Patuxent River 140 154 0 296 43
13 SM67G001* SMMC, Greenview Knolls Subdivision 20 7 56 2 30
14 SM56G008* Maryland Manor Mobile Home Park (previously Mayjack, Inc.) 0 10 21 0 0
15 SM52G004* SMMC, Lexington Park-Town Creek-California (previously Town Creek Water Company) 200 82 150 261 197
16 SM92G050  Hill, Adrian F., & Paul Zack 10 0 0 0 0
17 SM56G006* Chance Water Company, Waring Subdivision 12 5 10 0 0
18 SM69G003* Lexington Est. Mobile Home Park 10 0 0 0 8
19 SM76G010* SMMC, Hollywood 8 0 9 8 0
20 SM92G031  Hollywood Supply 8 0 0 0 8
21 DO54G102 Cambridge Country Club 11 0 0 13 3
22 DO63G005* DO CO Sanitary District 26 0 19 22 124
23 DO71G005* Municipal Utilities Comm. 1,400 0 2,735 1,284 969
24 DO74G007  University of Maryland 100 0 0 67 49
25 DO88G031 Hendler, Nelson 45 0 0 0 4
26 D0O89G020  Flinchum, Allen J. 40 0 0 0 0
27 DO90G038 Hendler, Nelson 50 0 0 0 0
28 D094G014 Blackwater National Wildlife Refuge 10 0 0 0 0
29 TA46G001  Trappe Packing Corp. 80 182 103 13 4
30 TA71G102  Cal-Mar Associates LTD 38 0 0 26 21
31 TA79G006* Trappe, Town of 210 36 70 147 113
32 TA89G004  Louis Foehrkolb, Inc. 46 0 0 0 0
33 TA90G005 Burda, Franz 50 0 0 15 6
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Appendix E. Ground-water appropriation permits and pumpage simulated in the Aquia aquifer

[*, Public-supply appropriation; for abbreviations, see page 236]

Average Pumpage

Map GAP (thousand gallons per day)

identifier GAP (as of

(fig. 52) number User name 2002) 1952 1982 1994 2002
1 CA32G001 U.S. Navy, Solomons Test Facility 100 519 74 0 0
2 CA32G002 U.S. Naval Research Laboratory, Randle Cliffs 100 63 21 0 0
3 CA52G001 Calvert County Hospital 44 4 34 0 0
4 CA53G102* Scientists Cliffs Water Association, Inc. 17 20 17 13 11
5 CA59G002* CA CO Comm., Chesapeake Heights on the Bay (previously Cassell Utility 75 3 45 60 76

Company)
6 CA59G003  Shri LTD Partnership, Regency Manor Mobile Home Park 20 0 1 20 10
7 CA59G101* CA CO Comm., Hunting Hills 10 0 0 10 5
8 CA60G002* Chesapeake Ranch Water Company 900 0 135 483 791
9 CA62G201* Beaches Water Company, Inc., Long Beach 49 27 0 7 39
10 CA66G005* CA CO Comm., Lakewood Subdivision 15 0 32 21 16
11 CA69G010  Calvert Cliffs Nuclear Power Plant, Inc. (previously Baltimore Gas & Electric 450 o 177 166 392
Company)

12 CA70G005 CA CO Board of Education, Calvert High School and Career Center 20 0 4 12 39
13 CA70G007 CA CO Comm., Calvert County Industrial Park 25 0 6 40 44
14 CA72G003* Chesapeake Beach, Town of (previously Chesapeake Beach Water System) 371 10 69 214 319
15 CA73G013* CA CO Comm., Paris Oaks Subdivision 29 0 9 16 23
16 CA73G014 Dominion Cove Point LNG 22 0 4 1 6
17 CA74G005* CA CO Comm., Town of Prince Frederick 245 0 86 255 347
18 CA74G102* CA CO Comm., Dares Beach 25 0 0 27 12
19 CA77G016 CA CO Comm., Jail & Alcohol Rehab Center 33 0 0 16 21
20 CA78G004* CA CO Comm., Summit & The Highlands Subdivision 129 0 0 81 213
21 CA78G008* CA CO Comm., Mason Road, Woodridge Subdivision 10 0 3 6 5
22 CA84G003* CA CO Comm., Solomons Island 350 0 0 187 319
23 CA86G003* Beach Creek Assoc, Chesapeake Lighthouse Townhouses 63 0 0 0 0
24 CA86G007* CA CO Comm., St. Leonard municipal supply 25 0 0 0 32
25 CA88G009* North Beach, Town of 200 0 0 109 163
26 CA90G007 U.S. Eel (Aquaculture) 82 0 0 0 0
27 CA90G008 Dundrik Development Group (Market Place Shopping Center) 30 0 0 4 12
28 CA93G048 Navy Recreation Center, Solomons 100 0 0 89 64
29 CA94G004  U.S. Naval Research Laboratory, Randle Cliffs 30 0 0 0 15
30 CA94G028 CA CO Comm. 6 0 0 0 7
31 CA95G030* CA CO Comm., Walnut Creek Phase Il 15 0 0 0 13
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Appendix E. Continued

[*, Public-supply appropriation; for abbreviations, see page 236]

Average Pumpage

Map GAP (thousand gallons per day)

identifier GAP (as of

(fig. 52) number User name 2002) 1952 1982 1994 2002
32 CA96G026* CA CO Comm., Cross Point Subdivision 37 0 0 0 32
33 CA99G018* J & H Properties LTD, Marley Run Subdivision 38 0 0 0 10
34 CH69G001* CH CO Comm., Cliffton-on-the-Potomac 10 0 41 4 0
35 CH70G203* La Plata, Town of 70 0 0 0 0
36 CH80G020* CH CO Dept. of Public Works, Benedict 56 0 0 23 22
37 CH88G040  Garner, AW., Plainfield Farm 173 0 0 0 0
38 SM70G010* SMMC, Piney Point Subdivision and Lundeberg School of Seamanship 70 8 0 65 58
39 SM32G001 U.S. Navy, Webster Outlying Field 30 0 3 48 14
40 SM50G002 Operating Partnership Support (previously Steuart Petroleum Company) 25 21 20 11 7
41 SM88G002* SMMC, Landings at Piney Point Subdivision 30 0 0 1 19
42 SM79G010 MD Tidewater Admin., Piney Point Aquaculture Center 61 0 208 0 0
43 SM69G001  St. Mary's College, MD Environmental Center 76 16 43 80 104
44 SM95G009* SMMC, Whaler's Creek Run 53 0 0 0 10
45 SM83G016* SMMC, Hunting Quarter Subdivision 41 0 0 11 48
46 SM89G029 Magnani, Donald 22 0 0 0 0
47 SM91G021* SMMC, Southgate Center Townhouse Subdivision 14 0 0 2 10
48 SM86G060* SMMC, Wilderness Run Subdivision 35 0 0 9 29
49 SM76G024  The Arundel Corporation (previously Green Acres Drive-In, Inc.) 40 0 14 0 0
50 SM73G003* SMMC, Cedar Cove Pine Hill Run 160 0 67 118 115
51 SM46G001* SMMC, Lexington Park 1,450 262 802 1,204 1,710
52 SM67G009 SM CO Public Schools, Leonardtown Vocational Center (previously Leonardtown 30 0 10 21 0

High School)

53 SM69G017* SMMC, Cherry Cove/Breton Bay Estates 85 0 53 97 139
54 SM76G014* SMMC, Wildewood Subdivision and Technology Park 350 0 38 173 227
55 SM74G002* SMMC, Tubman Douglas Subdivision 50 0 32 42 46
56 SM65G002* SMMC, St. Clements Shores 55 0 30 46 50
57 SM67G101* SMMC, Greenview Knolls Subdivision 80 0 0 80 75
58 SM84G070* San Souci Estates 0 0 0 0 0
59 SM74G018 NAS Patuxent River 710 1,291 910 812 712
60 SM94G004* SMMC, Laurel Glen Subdivision 55 0 0 0 212
61 SM67G003* Leonardtown, Commissioners of 525 35 332 412 476
62 SM89G008 Dean-Kelly, Patty L., Fish Farm 10 0 0 0 0
63 SM72G004* Downes, Thomas., Mt. Pleasant Water Company 13 0 9 12 11
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Appendix E. Continued

[*, Public-supply appropriation; for abbreviations, see page 236]

Average Pumpage

Map GAP (thousand gallons per day)

identifier GAP (as of

(fig. 52) number User name 2002) 1952 1982 1994 2002
64 SM76G004 SMMC, St. Mary's Industrial Park 34 0 8 24 0
65 SM98G025* Vallandingham & Assoc., J., Villages of Leonardtown 20 0 0 0 0
66 SM95G042  Southstar LTD Partnership, Chaney Enterprises (Loveville Wash Plant) 119 0 0 0 0
67 SM76G025 Intl. Assoc. of Machinists, Placid Harbor Training Center 15 0 5 5 10
68 SM74G043* SMMC, Fenwick Manor Subdivision 25 3 17 21 27
69 SM97G002 SM CO Public Schools, Chopticon High School 20 0 0 0 0
70 SM92G010 SM CO Dept. of Recreation and Parks, Wicomico Shores Golf Course 60 0 0 0 34
71 SM71G004* SMMC, King and Kennedy Estates 31 0 23 21 23
72 SM76G003* SMMC, Country Lakes Subdivision 240 0 41 209 266
73 SM74G035* SMMC, Birch Manor Subdivision 30 0 24 26 22
74 SM88G109 Patuxent Development Company, Inc., Mechanicsville Shopping Center 13 0 0 0 0
75 SM89G010* SMMC, Persimmon Hills 40 0 0 0 22
76 SM81G018 MD Environmental Service, Charlotte Hall Veterans Home 70 0 0 45 41
77 SM86G016* SMMC, Laurel Ridge Subdivision 61 0 0 41 49
78 SM66G006 Charlotte Hall Shopping Center 57 0 8 36 80
79 SM74G025* SMMC, Rolling Acres, Indian River, and Summit 59 0 25 51 64
80 SM83G022  Wentworth Nursery, Inc. 15 0 0 12 0
81 SM86G041 Howlin Concrete, Inc. 6 0 0 0 5
82 SM99G018 Howlin Concrete, Inc. 10 0 0 0 6
83 AA01G019 Park Place Associates 360 0 0 0 0
84 AA48G001* Rose Haven Utilities, Inc 80 0 0 61 63
85 AA48G004  AA CO Board of Education 14 0 6 2 0
86 AA54G003  Woodfield Fish & Oyster Company 50 28 25 5 1
87 AA55G012 AA CO Dept. Parks & Recreation 10 0 0 0 0
88 AA58G008* Southdown Waterworks 40 2 38 0 0
89 AA60G008* Wayson's Properties, Inc. 47 0 54 38 53
90 AAB66GO055* Kamakoti Investors, Ltd 38 0 71 0 32
91 AA71G020  AA CO Dept of Utilities 20 0 26 9 1
92 AA73G013* Heilman & Richard Nelson 40 0 0 0 16
93 AA76G014* Boone's Mobile Estates 75 0 22 19 32
94 AA83G032  Marbro Company 144 0 0 0 0
95 AA86G045* Charles A. Shoemaker 11 0 0 10 7
96 AA90G005  Alliant Techsystems, Inc. 18 0 0 22 21
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Appendix E. Continued

[*, Public-supply appropriation; for abbreviations, see page 236]

Average Pumpage

Map GAP (thousand gallons per day)

identifier GAP (as of

(fig. 52) number User name 2002) 1952 1982 1994 2002
97 AA93G024  Central Sod Farms, Inc. 65 0 0 7 29
98 PG71G002 Brandywine Country Club 46 0 0 0 0
929 PG96G005 Andrews Air Force Base 79 0 0 0 84
100 QA56G001  S.E.W. Friel 320 41 101 145 245
101 QA65G004  University of Maryland, Wye Research and Education Center 96 0 0 0 5
102 QA69G003  Armour Swift Eckrich 100 0 32 34 51
103 QA71G007 S.E.W. Friel 123 19 54 58 35
104 QA76G003  Prospect Bay Home Owners 100 0 1 8 19
105 QA79G010* Queenstown, Commissioners of 77 0 51 56 110
106 QA80G013* QA CO Sanitary District 125 0 7 61 96
107 QA82G002* QA CO Sanitary District 27 0 0 23 46
108 QA83G005* QA CO Sanitary District 15 0 0 11 13
109 QA84G004 Kent Island Joint Venture 23 0 0 20 10
110 QA90G012  University of Maryland, Wye Research and Education Center 50 0 0 0 1
111 QA92G003  Schaefer, Louis 200 0 0 0 11
112 QA92G044* QA CO Sanitary District 88 0 0 52 69
113 QA92G047  Drummer, Gordon 50 0 0 0 0
114 QA93G011 Rhodes, Jr., Temple 148 0 0 0 0
115 QA95G001  Central Sod Farms of Maryland 411 0 0 0 199
116 QA99G045  Callahan, Philip 206 0 0 0 49
117 TA69G002 Meba Engineering School 15 0 2 0 10
118 TA70G002* Oxford, Town of 140 55 133 121 137
119 TA71G002* Martingham Utilities 65 0 21 25 34
120 TA71G105* Easton Utilities Comm. 150 125 259 106 160
121 TA73G101* Jenson's, Inc. 10 0 0 0 5
122 TA74G205 TA CO Park Board 70 0 0 24 12
123 TA79G004*  St. Michaels, Commissioners of 325 117 229 268 252
124 TA81G101  Talbot Country Club, Inc. 10 0 0 2 20
125 TA82G008  TA CO Dept. Public Works 10 0 0 4 5
126 TA86G009 Petronis, Henry 65 0 0 42 0
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Appendix F. Ground-water appropriation permits and pumpage simulated in the Magothy aquifer

[*, Public-supply appropriation; for abbreviations, see page 236]

Average Pumpage

Map GAP (thousand gallons per day)

identifier GAP (as of

(fig. 53)  number User name 2002) 1952 1982 1994 2002
1 CA70G004 CA CO Comm., Cavalier Country 55 0 50 46 50
2 CA72G001  Northern High School 18 0 10 17 12
3 CA72G002 CA CO Comm., Shores of Calvert Water Company 35 0 33 39 34
4 CA98G124  Swann, J. Allen 45 0 0 0 27
5 CH55G001* Trimac Water Company, Forest Park Subdivision 13 0 14 8 5
6 CH55G006 MD Dept. of Public Safety, Southern MD Pre-Release Unit 26 0 9 23 22
7 CH62G003 Chaney Enterprises LTD (previously Charles County Sand & Gravel), 10 0 2 8 8

Waldorf Concrete

8 CH63G002* Idlewood Park, Inc., Idlewood Mobile Home Park 25 0 0 9 10
9 CH63G008* Charles County Gardens Water Company 22 0 34 20 0
10 CH65G007* White Plains Water Company, Capital and Halley Estates 22 0 19 21 6
11 CH66G008  Mount Carmel Woods 5 0 14 6 5
12 CH67G009* CH CO Comm., Brookwood Estates Subdivision 10 0 0 0 3
13 CH68G008* Beantown Water Assoc., Beantown Park Subdivision 14 0 14 10 10
14 CH70G009* CH CO Comm., Piney Church Well 280 0 2,415 100 219
15 CH70G109* CH CO Comm., Towne Plaza Well 250 0 0 233 519
16 CH70G209* CH CO Comm., Pinefield Well 200 0 0 136 244
17 CH70G309* CH CO Comm., Mattawoman Beantown Well 200 0 0 92 131
18 CH70G409* CH CO Comm., Billingsley Road Well 350 0 0 358 400
19 CH70G509* CH CO Comm., Westwood Drive Well 510 0 0 428 85
20 CH70G609* CH CO Comm., John Hanson Middle School 700 0 0 478 734
21 CH70G709* CH CO Comm., St. Charles Well 300 0 0 264 310
22 CH70G809* CH CO Comm., Cleveland Park Estates 80 0 0 0 99
23 CH71G004* Pine Hill Water Company 15 0 13 14 4
24 CH76G017* CH CO Dept. of Public Works 0 0 14 0 0
25 CH77G033  MD Tidewater Admin., Cedarville Fish Hatchery 150 0 49 100 137
26 SM85G051* Heart's Desire Subdivision 5 0 0 1 3
27 AA32G001  Annapolis, City of 10 188 155 427 0
28 AA56G002* Sylvan Shores Services 55 35 43 51 74
29 AA60G208* Wayson's Properties, Inc. 14 0 0 0 0
30 AAB65G032* Berk, Maurice H. 80 0 66 100 37
31 AAG68G011  AA CO Dept. of Utilities 25 0 23 15 18
32 AA71G026  AA CO Dept. of Utilities 12 0 21 0 0
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Appendix F. Continued

[*, Public-supply appropriation; for abbreviations, see page 236]

Average Pumpage

Map GAP (thousand gallons per day)

identifier GAP (as of

(fig. 53)  number User name 2002) 1952 1982 1994 2002
33 AA72G009* Annapolis, City of 2,000 2,684 2,469 1,848 2,436
34 AA75G023* Riva Developers, Inc. 30 0 26 0 0
35 AA76G007* AA CO Dept. of Utilities 540 0 0 0 0
36 AA77G048* Annapolis Landing 75 0 36 0 0
37 AA81G039  Millennium Holdings 14 0 4 14 4
38 AA83G007* Chesapeake Harbour, Inc. 14 0 0 0 0
39 AA88G044  Central Sod Farms, Inc. 126 0 0 0 0
40 AA88G058  Moreland, Joan 200 0 0 0 0
41 AA88G059  Moreland, Joan 150 0 0 0 0
42 AAB88G060  Moreland, Joan 50 0 0 0 0
43 AA90G045  Washington Brick and Terracotta 61 0 0 0 85
44 AA92G022* Kamakoti Investors LTD 38 0 0 87 0
45 AA96G122  Harwood Landfill, Inc. 70 0 0 0 40
46 AA97G030  Crofton Athletic Complex 16 0 0 0 0
47 AA98G028  Safeway, Inc., Deale Store 13 0 0 0 0
48 DO71G105* Municipal Utilities Comm. 350 0 0 79 263
49 PG00G003 Denison, John 10 0 0 0 10
50 PG0O0G008  Arbortech, Inc. 10 0 0 0 2
51 PG53G006* Sauerwein, Estate of 10 11 0 4 0
52 PG56G007  Juvenile Services, Dept. of 65 69 71 53 18
53 PG59G001  Aggregate Industries 35 0 10 0 0
54 PG61G005 Simpson Land Company, The 16 0 14 0 0
55 PG61G008* Bowie, City of 200 0 2,401 103 268
56 PG62G007  Mirant—Chalk Point LLC 660 0 606 414 346
57 PG63G003* Utilities of MD, Inc. 600 0 0 360 389
58 PG70G002 WSSC 30 0 15 25 1
59 PG71G007 Marlboro Square, Inc. 15 0 0 3 0
60 PG75G006 Fairways Group L.P., The 45 0 0 1 26
61 PG77G012  Bardon, Inc. 69 0 0 28 75
62 PG79G002 Andrews Air Force Base 105 0 72 71 141
63 PG82G200 U.S. Navy, Cheltenham 63 0 90 0 0
64 PG90G022 Maryland Veteran's Comm. 20 0 0 0 0
65 PG90G025 Marson, Jr., Edward 31 0 0 0 0
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Appendix F. Continued

[*, Public-supply appropriation; for abbreviations, see page 236]

Average Pumpage

Map GAP (thousand gallons per day)

identifier GAP (as of

(fig. 53)  number User name 2002) 1952 1982 1994 2002
66 PG91G015 Washington Brick and Terracotta Company 129 0 0 0 53
67 PG95G019 Marlton Golf Club 40 0 0 0 27
68 QA70G102* QA CO Sanitary District 92 0 0 54 0
69 QA84G016* QA CO Sanitary District 46 0 0 14 44
70 QA84G017* QA CO Sanitary District 10 0 0 0 0
71 QA85G009 QA CO Dept. Parks & Recreation 45 0 0 6 24
72 QA85G024* QA CO Sanitary District 144 0 0 34 40
73 QA85G030 Kent Island LTD Partnership 28 0 0 1 0
74 QA89G024* QA CO Comm. 7 0 0 49 0
75 QAB9G026 Queenstown Harbor Golf Links 72 0 0 236 0
76 QA94G007* QA CO Sanitary District 342 0 0 0 38
77 QA96G009  U.S. Links, Inc. 65 0 0 0 0
78 TA71G005* Easton Utilities Comm. 1,100 363 919 523 914
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Appendix G. Ground-water appropriation permits and pumpage simulated in the Upper Patapsco aquifer

[*, Public-supply appropriation; for abbreviations, see page 236]

Average Pumpage

Map GAP (thousand gallons per day)

identifier GAP (as of

(fig. 54)  number User name 2002) 1952 1982 1994 2002
1 CH65G011* CH CO Comm., Mariellen Park Water 26 0 17 16 16
2 CH66G108* CH CO Comm., Mt. Carmel Woods Estates (previously Carmel 15 0 0 12 8

Utilities)

3 CH68G001 CH CO Community College 8 0 12 14 12
4 CH69G003* Oak Hill Water Assoc. 16 0 14 19 25
5 CH69G005 CH CO Board of Education, Pomfret Technical Center 15 0 7 8 3
6 CH70G001* Turkey Hill Water Company 16 0 13 13 9
7 CH70G103* La Plata, Town of 90 0 0 0 0
8 CH71G002* Avon Crest Subdivision 9 0 7 7 6
9 CH72G002* USS Real Estate, Swan Point Development 60 0 0 21 44
10 CH72G006* Newtown Estates Water Company 15 0 24 11 0
11 CH74G007 CH CO Comm., White Plains Park 65 0 27 50 25
12 CH74G010* CH CO Comm., Bel Alton Development 29 0 13 29 25
13 CH75G001 CH CO Board of Education, McDonough High School 35 0 12 7 12
14 CH75G004 CH CO Board of Education, Piccowaxen Middle School 25 0 5 3 2
15 CH87G023  Southern Maryland Sand & Gravel 9 0 0 0 0
16 CH88G025 Hawthorne Country Club of Charles County 17 0 0 3 15
17 CH96G032  Chaney Enterprises LTD, Waldorf Wash Plant 73 0 0 0 26
18 SM01G009 U.S. Navy, Webster Outlying Field 30 0 0 0 10
19 SM66G009  Point Lookout State Park 25 0 3 17 7
20 SM01G011 Denison, John - Nursery 15 0 0 0 14
21 SM89G074* SMMC, Whalers Creek Run/Greenbriar Subdivision 53 0 0 4 10
22 SM01G012 NAS Patuxent River 120 0 0 0 0
23 SM98G021* SMMC, First Colony, Myrtle Point, Wildwood 200 0 0 0 172
24 SM00GO004* Qualshire, LLC, Forrest Farm Subdivision 46 0 0 0 0
25 SM87G009 Route 347 Realty Corp. 45 0 0 0 0
26 SM87G109* Route 347 Realty Corp. 165 0 0 0 0
27 SM72G001* SMMC, Wicomico Shores 150 0 13 40 111
28 AA32G003 U.S. Naval Academy 2,000 1,028 1,900 1,308 963
29 AA32G101  Annapolis, City of 500 384 299 416 0
30 AA66G042  Chaney Enterprises LTD 10 0 6 5 0
31 AA70G041 U.S. Naval Academy Golf Course 85 0 172 29 60
32 AA88G023* Spa Landing LTD Partnership 180 0 0 0 0
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Appendix G. Continued

[*, Public-supply appropriation; for abbreviations, see page 236]

Average Pumpage

Map GAP (thousand gallons per day)

identifier GAP (as of

(fig. 54)  number User name 2002) 1952 1982 1994 2002
33 AAB89G041 C.H.K. Development Corp. 70 0 0 19 21
34 AA90G024  AA CO Dept. of Parks & Recreation 23 0 0 4 0
35 AA99G041* Berk, M. & Al Polichicchio 16 0 0 0 0
36 DO71G205* Municipal Utilities Comm. 1,750 0 0 804 404
37 PG01G011 Pax 40, LLC 10 0 0 0 0
38 PG51G003* Cedar Ridge Company 12 0 78 0 0
39 PG55G011* Calvert Manor Corp. 24 3 16 17 21
40 PG63G006* Cedarville Park, Inc. 60 0 44 38 13
41 PG77G038 Bardon, Inc. 10 0 0 0 0
42 PG79G006 Behnke Nurseries Company 25 0 0 0 0
43 PG84G001  Mirant—Chalk Point Power Plant 660 0 392 488 296
44 PG87G003 MD-NCPPC 30 0 0 12 43
45 PG89G001  Mirant—Chalk Point Power Plant 20 0 0 12 9
46 PG90G023  Percontee, Inc. 70 0 0 37 48
47 PG93G003 Panda-Brandywine Power Plant 64 0 0 0 67
48 PG96G017 Bowie, City of 18 0 0 0 9
49 QA97G037  Hunters Oak LLC 62 0 0 0 134
50 TA71G205* Easton Utilities Comm 1,200 0 0 1,036 772
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Appendix H. Ground-water appropriation permits and pumpage simulated in the Lower Patapsco aquifer

[*, Public-supply appropriation; for abbreviations, see page 236]

Average Pumpage

Map GAP (thousand gallons per day)

identifier GAP (as of

(fig. 55)  number User name 2002) 1952 1982 1994 2002
1 CH53G010* Green Meadows Water Company 10 0 8 7 3
2 CH54G003* Indian Head Manor 14 0 12 23 4
3 CH55G003* CH CO Dept. of Public Works, Bryans Road 273 0 115 162 135
4 CH55G008* Potomac Heights 225 120 138 227 54
5 CH56G001* Utilities Services, Inc., Indian Head Manor 24 0 0 0 0
6 CH57G003* Indian Head, Town of (previously Woodland Village) 338 15 16 257 282
7 CH60G004* Red Hills Water Company 14 0 0 13 5
8 CH65G008* Jenkins Lane Water Company 14 7 9 10 4
9 CH66G005* CH CO, Potomac Utilities Corp., Strawberry Hill 120 0 93 69 97
10 CH67G002* CH CO Comm., Newtown Village 15 0 7 13 11
11 CH67G011  Mirant Power Plant, Morgantown 700 0 607 644 423
12 CH67G109* CH CO Comm., Brookwood Estates/Utilities 30 0 0 51 24
13 CH68G002* Du-Mar Estates Water Company, Marbury Estates 14 0 19 11 8
14 CH68G004* Utilco, Inc., Pomfret Estates (previously Pennco, Inc.) 13 0 0 12 3
15 CH68G009 CH CO Board of Education, Lackey High School 10 0 7 9 8
16 CH69G101* Cliffton Potomac Assoc 138 0 0 0 0
17 CH70G003* La Plata, Town of 1,144 118 323 565 775
18 CH71G005 U.S. Naval Ordnance Station-Main Base (Surface Warfare Center), Indian Head 1,240 855 740 1,089 797
19 CH71G105 U.S. Naval Surface Warfare Center (Stump Neck) 25 0 0 19 28
20 CH72G102 Swan Point Development 60 0 0 1 25
21 CH75G002* CH CO, Ellenwood Subdivision 35 0 25 19 26
22 CH76G011* CH CO Dept. of Public Works, Chapel Point Woods Subdivision 24 0 0 18 23
23 CH77G036* CH CO Comm., Laurel Branch Subdivision 154 0 6 101 154
24 CH78G015* CH CO Comm., Eutaw Forest Subdivision 80 0 15 64 67
25 CH83G012* CH CO Comm., St. Paul Well 600 0 0 581 372
26 CH83G014* CH CO Comm., Cliffton-St. Anne's 85 0 0 48 a7
27 CH83G112* CH CO Comm., Smallwood West Well 600 0 0 617 566
28 CH83G212* CH CO Comm., White Oak Drive 600 0 0 576 541
29 CH83G312* CH CO Comm., Billingsley Road Well 800 0 0 672 641
30 CH83G412* CH CO Comm., Cleveland Park 800 0 0 0 383
31 CH88G003* Baldus Real Estate, Montrose Heights 41 0 0 0 0
32 CH88G062* CH CO Comm., Breeze Farm 55 0 0 0 0
33 CH89G032* CH CO Comm., Settle Woods/Bensville 299 0 0 0 163
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Appendix H. Continued

[*, Public-supply appropriation; for abbreviations, see page 236]

Average Pumpage

Map GAP (thousand gallons per day)

identifier GAP (as of

(fig. 55)  number User name 2002) 1952 1982 1994 2002
34 AA68G006* AA CO Dept. of Utilities 2,880 0 366 1,616 628
35 AA72G209* Annapolis, City of 4,500 0 198 2,542 1,999
36 AAB6G070* AA CO Dept. of Utilities 1,000 0 0 0 770
37 PG52G004* Potomac Vista Corp. 18 0 12 17 0
38 PG57G003  Shields (Trust), Wynnifred 50 0 0 10 10
39 PG60G003 Ft. Washington Marina 14 0 0 0 0
40 PG61G108* Bowie, City of 1,500 0 0 829 1,039
41 PG66G006 MD-NCPPC 16 0 0 0 0
42 PG77G008 Fred Ryder Enterprises 11 0 0 32 27
43 PG81G106  Silver Hill Aggregates 10 0 0 0 3
44 PG88G008 Fairways Golf Corp. 51 0 0 12 0
45 PG95G003  University of Maryland 75 0 0 0 0
46 PG96G003  Gallahan, Ill, William A 10 0 0 0 4
47 PG98G014  Gotham Golf Partners 34 0 0 0 17
48 QA97G050* QA CO Sanitary District 750 0 0 0 459
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Appendix I. Simulated pumpage at individual wells in well fields at
Solomons, Chesapeake Ranch, Lexington Park, NAS
Patuxent River, and Leonardtown (for locations see figure 51)

Simulated pumpage, in thousand gallons per day

Map ID

(fig. 51) GAP Well number 1952 1982 1994 2002
Piney Point aquifer

15a SM52G004 SM Df 49 7 13 22 28
15b SM52G004 SM Df 69 3 6 10 13
15c SM52G004 SM Df 101 7 13 23 29
15d SM52G004 SM Ef 89 65 118 206 268
12a SM74G118 SM Df 39 54 30 103 0
12b SM74G118 SM Dg 20 14 8 27

12c SM74G118 SM Dg 21 86 47 165 1
Aquia aquifer

8a CA60G002 CAFd 38 0 23 82 135
8b CA60G002 CAFd 70 0 30 109 179
8c CA60G002 CA Fe 30 0 41 149 244
8d CA60G002 CAFd71 0 40 143 233
22a CA84G003 CA Fd 68 0 0 93 159
22b CA84G003 CA Fd 69 0 0 93 159
5la SM46G001 SM Df 42 24 73 109 133
51b SM46G001 SM Df 62 84 257 386 470
51c SM46G001 SM Df 76 19 57 85 104
51d SM46G001 SM Df 78 23 71 106 129
5le SM46G001 SM Df 86 45 137 206 250
51f SM46G001 SM Df 89 20 62 93 114
51g SM46G001 SM Df 91 33 101 152 185
51h SM46G001 SM Df 92 15 45 67 82
59a SM74G018 SMDf 1 14 10 9 8
59b SM74G018 SM Df 10 31 22 19 18
59c¢ SM74G018 SM Df 103 29 20 18 17
59d SM74G018 SM Df 61 7 54 48 44
59%e SM74G018 SM Df 93 177 124 111 102
59f SM74G018 SM Df 94 5 4 3 3
59¢ SM74G018 SM Df 95 118 83 74 68
59h SM74G018 SM Df 96 178 126 112 103
59i SM74G018 SM Df 97 71 50 44 41
59j SM74G018 SM Df 98 134 95 84 78
59k SM74G018 SM Df 99 117 82 74 68
591 SM74G018 SM Dg 14 16 11 10 9
59m SM74G018 SM Dg 15 36 26 23 21
59n SM74G018 SM Dg 16 162 114 102 94
590 SM74G018 SM Dg 18 39 27 24 22
59p SM74G018 SM Dg 19

59q SM74G018 SM Dg 22 2 1 1 1
59r SM74G018 SM Dg 23 80 56 50 46
6la SM67G003 SM Dd 30, 66 9 83 103 119
61b SM67G003 SM Dd 39, 65 9 83 103 119
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Abbreviations used in Appendixes D through |

AA CO
CACO
CHCO
DO CO
QA CO
SM CO
TA CO
Admin
Assoc
Comm.
Corp.
Dept.
Est

Ft.
GAP
Inc.
Int'l
LLC
LNG
LTD
MD
MD-NCPPC
NAS
PEPCO
SMMC
St.

u.s.
WSSC

Anne Arundel County
Calvert County

Charles County
Dorchester County
Queen Anne’s County
St. Mary’s County
Talbot County
Administration
Association
Commissioners, Commission
Corporation

Department

Estate

Fort

Ground-water appropriation permit
Incorporated
International

Limited liability company
Liguefied Natural Gas
Limited

Maryland

Maryland National Capital Parks & Planning Commission

Naval Air Station

Potomac Electric Power Company
St. Mary’s Metropolitan Commission
Saint

United States

Washington Suburban Sanitary Commission
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