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DELINEATION OF ZONES OF TRANSPORT
FOR PUBLIC-STIPPLY WELLS

IN ST. MARY'S COTINTY, MARYLAND

by
Grufron Achmad and T. Brandon Fewster

KEY RESULTS

Ground-water flow models designated as the Western area model and the Lexington Park area model were
developed to simulate particle pathlines that delineate zones of transport for 102 water-supply wells, withdrawing
from the confined Aquia and Piney Point-Nanjemoy aquifers in St. Mary's County, Maryland. Zones of
transport, defined as the area surrounding a pumping well that is bounded by an isochrone contour through which
a contaminant may travel and reach a pumping well, can be used to develop well-head protection areas
su:rounding public water-supply welis. These areas help to focus the search for improperly abandoned wells that
could potentially provide a pathway for contamination from the land surface to the confined aquifer. Withdrawals
by major users (typically greater than 10,000 gallons per day) were simulated using the armual average rates
allocated by ground-water appropriation permit. These withdrawals totaled 4.776 million gallons per day from
the Aquia aquifer and 0.517 million gallons per day from the Piney Point-Nanjemoy aquifer. Pumpage by self-
supplied domestic and minor users was estimated at 1.18 million gallons per day for the Aquia aquifer and 3.34
million gallons per day for the Piney Point-Nanjemoy aquifer. Zones of transport were delineated for public
water-supply wells operated by the St. Mary's County Metropolitan Commission, Leonardtown Board of
Commissioners, Patuxent Naval Air Test Center, and other selected ground-water users. Key results of the study
inciude:

Aquia aquifer

The Aquia aquifer is the principal source of ground water for public suppliers in St. Mary's County. Zones of
transport were delineated for 88 water-supply wells, 13 of which pumped at simulated rates greater than 100,000
gallons per day. Withdrawals from those wells created large cones of depression in the Lexington Parlg
Leonardtown, and County Lakes areas, which influenced regional ground-water flow in St. Mary's County. The
20-year zones of tansport associated with these sites extended outward radially in mostly circular or ellipsoidal
patterns to distances ranging from 1,150 feet to 2,350 feet from the pumping wells. The remaining users,
simulated at lower rates, generated zones of tansport that were relatively small and elongated in the up-gradient
direction. The shape of these zones is strongly influenced by the regional ground-water gradient and extend
approximately 300 feet to 800 feet from the pumping wells.

Piney Point-Nanj emoy aquifer

Zones of transport were delineated for nine St. Mary's County Metropolitan Commission wells and five
Patuxent Naval Air Test Center wells pumping from the Piney Point-Nanjemoy aquifer. Three St. Mary's
County Metropolitan Commission wells (Great Mills, Hilis Mobile Home Parlq and Town Creek #6,{) and one
Patuxent Naval Air Test Center well (building#532) were simulated using pumpage greater than 100,000 gallons
per day. These large withdrawals created local cones of depression and generated particle pathlines that
propagated outward in a radial direction. Tlte Z}-year zones of transport extended 1,500 feet to 1,800 feet from
the pumping wells. The remaining public water-supply wells were simulated at lower rates and created smaller
cones of depression. The lower rates of withdrawal generated particle pathlines that were generally elongated in
an up-gradient direcfion. Their pathlines track the regional flow pattern. Twenty (Z})-year pathlines extended

approximately 500 feet to 1,000 feet from the pumping wells.

1
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INTRODUCTION

St. Mary's County, located in southem
Maryland (fig. 1), is experiencing significant
population growth. The population centers in the
northem part of the county are within commuting
distance of Washington, D.C. Growth in the
southem part of the county occurs in the Lexington
Park area, which is adjacent to the Patuxent Naval
Air Test Center (PNATC). The demand for public
water supply has increased along with population
growth. The St. Mary's County Metropolitan
Commission (MetCom), the primary supplier of
grormd water for residential and commercial use,
operates 58 production wells of which nine wells are
screened in the Piney Point-Nanjemoy aquifer, 49
wells are screened in the Aquia aquifer, and trvo
wells are screened in the Upper Patapsco aquifer.
Other major ground-water users of the Aquia and
Piney Point-Nanjemoy aquifers in St. Mary's
Cotrnty are the PNATC operating 25 weils and the
Leonardtown Board of Commissioners operating
four wells. Fifteen wells are operated by other users.

In St. Mary's Count5r, the Piney Point-Nanjemoy
and Aquia aquifers occur rurder thick confining beds
that retard vertical ground-water flow. The Piney
Point-Nanjemoy aquifer occurs approximately 50
feet (ft) to 300 ft below sea level and is overlain by a
confining bed that separates it from the surficial
water-table aquifer. The aquifer thins toward the
northwest and is not a significant source of water
supply in northern St. Mary's County. The Aquia
aquifer occurs approximately 230 ft to 450 ft below
sea level in the county. It outcrops from western
Charles County through central Prince George's and
Anne Arundel Counties.

A previous report (Achmad and Hansen, 1997)
issued by the Maryland Geological Survey (MGS)
simuiated 1995 pumpage rmder steady-state
conditions and determined that ground water would
require thousands of years to travel from the Aquia
outcrop areas to wells pumping in Lexington Park.
Furthermore, the estimated average age of five
Aquia water samples from St. Mary's County, dated
using the carbon-14 method, ranged from 15,500
years (uncorected) to 8,500 years (corrected for
'dead' carbon from matrix dissolution) (Mignery,
1994,tab.2; Achmad and Hansen,1997, p. 76). As
a consequence, the potential for salt-water intrusion
from the Chesapeake Bay or for intrusion of other
contaminants is unlikely, unless direct recharge
occurs through old, uncased, rmgrouted, or
improperly abandoned wells (Achmad and Hansen,

1997, p. 76). Delineating zones of tansport for
public-supply wells will help public water suppliers
prioritize efforts to locate potential contaminant
pathways, like improperly abandoned wells.

PI]RPOSE AND SCOPE

The purpose of this report is to present the
results of a ground-water modeling study to
determine zones of transport for public water-supply
wells withdrawing ground water from the piney
Point-Nanjemoy and Aquia aquifers in St. Mary's
County. The study focused on delineating the
source areas likely to contribute ground water to
public water-supply wells operated by MetCom
when using withdrawal rates based on annual
average Ground-Water Appropriation permits
(GAP) issued by the Maryland Department of the
Environment (A/DE) through year 2000. A
propriety prograrn, Visual MODFLOW (Guiger and
Fran1,2000), was used in this study. The program
applied the U.S. Geological Survey's (USGS)
modular three-dimensional finite-difference ground-
water flow model (MODFLOW) (McDonald and
Harbaugh, 1988) and particle-tracking post-
processor (MODPATH) @olloclq 1994) to
backtrack particle pathlines from production wells
for time periods of 1 year, 10 years, and 20 years.
The endpoints of these pathlines delineate the extent
ofthe source areas and define the zone oftransport
for the production wells for the respective time
periods. For the purposes of this report tlire Z}-year
zone of franspcirt surounding a production well is its
well-head protection area.

PREVIOUS STI'DIES

Earlier studies by the MGS (Chapelle and
Drummond, i983; Achmad and Hansen, 1997)
addressed the hydrogeology, ground-water flow, and
water-supply potential of the Piney Point-Nanjemoy
and Aquia aquifers in St. Mary's and Calvert
Counties. Table 1 describes the hydrogeologic
framework of the Coastal Plain aquifers in St.
Mary's and Calvert Counties. Achmad and Hansen
(1997) applied the USGS's MoDFLoW code to
evaluate the historic lowering of ground-water levels
with increasing ground-water pumpage from the
Piney Point-Nanjemoy and Aquia aquifers. Achmad

J
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Table 1. Generalized descriptions of Tertiary hydrogeologic units underlying Calvert and St. Mary's Counties, Maryland, and their
approximate correlation with geologic units (from Achmad and HansenrlggTotrb.Z; modilied after Weigle and Webb,
1970; Weigle, Webb, and Gardnerrl9T0; Chapelle and Drummond, 1983; and Hansen and Wilson,1984)

lrt

t On the St. Mary's County geologic map the Lowland Deposits have been subdivided by McCartan (1989) into severat geologic units including Holocene Deposits (undivided), Kent

Upland Gravel 4 (upper Pliocene), and Upland Gravel 3 (lower to upper Pliocene)! Ward (1985) has assigned very late Oligocene to very early Miocene (?) beds in Maryland to the Old Church Formation.t Olsson, Miller, and Ungrady (1980) have argued that the Piney Point Formation includes Ollgocene beds.

System

Quaternary

Tertiary

Units

Series

Holocene to
Pleistocene

Pliocene

Miocene

Oligocene
(?)

Eocene

Paleocene

Geologic unit

Lowland
Depositsr

Upland
Deposits2

Chesapeake
Group

(undivided)

Unnamed3

Piney Pointa
Fm.

Nanjemoy Fm.

Marlboro Clay

Aquia Fm.

Brightseat Fm.

Llthologic description

Complexly stratified tan, brown, and gray clay,
silt, medlum to coarse sand, and gravel. Underlies
near-shore areas below 80* feet above sea level.

Complexly stratified tan or orange clay, silt, and
sand mixture in upper loam member, and sand
and gravel in lower gravel member. Underlies
dissected southeastward-sloping upland surfaces.
Between 8Gr and 200+ feet above sea level,
Olive gray, greenish brown, and light gray clays,
sandy clays, and {lne sands; fossiliferous. Lower
beds mav be diatomaceous.
Light gray to yellowish green, fine sand. May
include phosphatic pebbles and shell clasts at basal
contact.
Dusky brown to olive green clayey sand. Slightly
glauconitic; fossiliferous. (Areal extent uncertain).
Light gray to brownish-yellow, slightly glauconitlc,
medium to coarse sand; interbedded layers ofshell
and sand, locally cemented.
Sand, silt, and clay; blackish-green to gray;
glauconitic; the upper portion offormation is
sandy; the lower portion is predominantly silt and
clay.

Pink, red, or gray plastic clay.

Green to yellowish brown, medium grained,
clayey, glauconitic sand with locally cemented shell
beds.
Gray to grayish black, micaceous, slightly
glauconitic clay, silt, and line sand. (Areal extent
unknown).

Water-bearing characteristlcs

Ylelds limited quantltles of water to large-
diameter wells. Has potential for larger ylelds
along southern shores of St. Mary's County, but
mav be suscentible to salt-water lntrusion.
Llmited saturated thickness. Yields moderate
amounts of water to large-diameter wells.
Commonly, streams have cut downward through
the deposits permitting the deposits to drain
raoldlv.

Generally functions as a confining bed.

Primary source ofwater in southern Calvert and
St. Mary's Counties where the Piney Point aquifer
is hydraulically connected to the upper sandi
portion of the NanJemoy Formation.

Secondary source ofwater in northern Calvert
and St. Maryts Counties where the Piney Point
aquifer is absent.

Generally functions as a confining bed.

Primary source of water in Calvert County and
St. Maryts County north of Kitts Polnt.

Generally functions as a confining bed.

Approximate
thickness (ft.)

0-140

0-85

60-210

0-130

0-30

70-200

0-205

20-105

Hydrogeologic
Unit

SURFICIAL
AQUIFER
(undivided)

UPPER
CONFINING

BED

PINEY POINT
AQUIFER

N,4,NJEMOY
AQUIF'ER

MIDDLE
CONFINING

BEI)

AQUIA
AQUIF'ER

LOWER
CONF'INING

BED



and Hansen (1997) also presented200-year zones of
transport for five major well fields in St. Mary's and
Calvert Counties using reported pumpage for 1995
(Achmad and Hansen, L997, p. 7 6-77).

An update (Achmad and Hansen, 2001) of the
1997 model applied the USGS's MODFLOW 2000
program (Harbaugh, Banta, Hill, and McDonald,
2000) to simulate changes in Aquia water levels
through 2025 using revised water-use projecfions.

METHOD OF STI]DY

This study involved the collection and
evaiuation of hydrogeologic and pumpage data from
the Piney Point-Nanjemoy and Aquia aquifers in St.
Mary's County, the development of two local
ground-water flow models (the Westem area model
and the Lexington Park area model) based on the
updated 2001 regional model, and the simulation of
particle pathlines to determine zones of hansport
that may be used to delineate well-head protection
areas for production wells.

The hydrogeologic frameworks of the two local
models were derived from the hydrogeology of the
southem Maryland Coastal Plain aquifers described
in MGS Report of Investigation Number 64
(Achrnad and Hansen,1997,p.6-25). Table 1 is a
generalized description of the hydrogeologic units.
The locations of production wells were updated and
georeferenced using latitude and longitude
coordinates obtained from MetCom and USGS's
Ground Water Site Inventory database (app. I and
pl. 1). Well pumpage datz reported for year 2000
were obtained from MetCom, MDE, and USGS. For
an accurate accounting of production wells operated
by MetCorn" MetCom's Water Operations Sljff was
consulted to determine well status and pumpage
during the year 2000. For wells operated by
PNATC, USGS staff was consulted (C. Klohe,
written corun., 2001) (Klohe and Feehley, 2001),
and for wells operated by Leonardtown, MDE and
town staff were consulted. The aliocated pumpage
rates effective for 2000 were assembled from the
GAPs issued by MDE. Year 2000 withdrawals by
self-supplied domestic and minor users were based
on earlier estimates from Achmad and Hansen
(1997; 2001), supplemented by data compiled by
Judith Wheeler (written corun., 2001) for the S-year
national water-use survey (Judith Wheeler, written
cornm.,2002).

The Visual MODFLOW program, which
provides pre-processing, post-processing, and
visualization capabilifies for MODFLOW and

MODPATH, was used to develop the two local
models. The local models were verified by
comparing simulated water levels with the results of
the 2001 regional model. Zones of transport were
delineated for l-year, l0-year, and 2}-year intervals
for MetCom public water-supply wells and other
major ground-water users located in St. Mary's
County.

NOMENCLATURE

The following terms used in this report to
describe areas surrourding pumping wells were
proposed by the U.S. Environmental Protection
Agency (USEPA) (1987, p. 20-21; Kreitler and
Senger, 199i, p. 167-168):

Zone of Contrtbution-The area surrounding
a pumping well that encompasses all areas or
features that supply ground-water rechdrge to
the well.

Zone of Transport-The area surrounding a
pumping well, bounded by an isochrone and,ior
isoconcenhation contour, through which a
contaminant may travel and reach the well.

Well-head Protection Area---Tlte surface or
subsurface area surrounding a water well or well
field, supplying a public water system, through
which contaminants are reasonably likely to
move toward and reach such water well or well
field.

Zones of conhibution are generally associated
with rurconfined aquifers that receive recharge from
the water table. Zones of transport are generally
associated with confined aquifers that are firlly
saturated, such as the Piney Point-Nanjemoy and
Aquia aquifers in St. Mary's County. Well-head
protection areas in this report are represented in plan
view by particle pathlines depicting 2}-year zones of
transport surrounding public-supply wells pumping
at their permitted annual average rate of withdrawal.
Because the Aquia and Piney Point-Nanjemoy
aquifers are confined, a contaminant released in the
well-head protection area must travel through either
the annular space of a poorly grouted well or an
improperly abandoned well.
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SIMI'LATION OF GROLIND-WATER FLOW

CONCEPTUAL DESIGN

The southern Maryland regional ground-water
flow model described in Achmad and Hansen (1997,
p. 32;2001, p. 3) was based upon a hydrogeologic
framework consisting of three layers. These layers
listed, in sequence from top to bottom, are: 1) the
unconfined, surficial aquifer and underlying upper
confining bed, 2) the confined Piney Point-
Nanjemoy aquifer and underlying middle confining
bed, and 3) the confined Aquia aquifer and
underlying lower confining bed (tab. 1). The
regional model was a quasi-three dimensional model
with vertical flow between aquifers represented by a
leakance term.

In this report the pre-/post-processor, Visual
MODFLOW (Guiger and Franz, 2000), is used to
simulate the ground-water flow and particle tracking
in the Piney Point-Nanjemoy and Aquia aquifers.
Since Visual MODFLOW requires the explicit input
of layer thickness and vertical and horizontal
hydraulic conductivity for both aquifer and
confining bed, the threeJayer hydrogeologic
framework of the regional model was restructured
into a five-layer hydrogeologic framework that
includes the following layers, listed in sequence
from top to bottom: 1) the unconfined surficial
aquifer, 2) the upper confuring bed, 3) the confined
Piney Point-Nanjemoy aquifer, 4) the middle
confining bed, and 5) the confined Aquia aquifer.

MODEL AREA AI\D GRID

In order to achieve the resolution necessary to
represent the ground-water flow lines adequately, it
was determined that a cell size limited to 400 ft x
400 ft or less was required (Ileitjema, Kelson, and
de Lange, 2001). Construction of finer finite-
difference gnds for the local models provided
greater resolution of water levels than could be
achieved by the existing regional model. In this
report particle pathlines used to delineate zones of
transport are displayed on 1:24,000 scale maps (1 in.
= 2,000 ft). Because of Visual MODFLOW's
limitation on the maximum number of columns and
rows, it was necessary to divide the regional model
into two separate local area models, the Western
area and Lexington Park area models.

The Western area ground-water flow model is
primarily located in the northwestern part of St.
Mary's County and includes the eastern part of

Charles Count5r, the southern part of Prince George's
County, and a relatively small section of cental
Calvert County (fig.l). The model area covers about
318 square miles and encornpasses public water-
supply systems located in Charlotte Hall, Rolling
Acres, and King-Kennedy Estates in the north and
Wicomico Shores, Mount Pleasant, Breton Bay
Estates, and Leonardtown in the south (fig. 1, pls. 1,

2,3). T\e Western area model was divided into 400
ft by 400 ft cell nodes forming a finite-difference
grid of 240 columns and 380 rows.

The Lexington Park area ground-water flow
model is centered on the Lexington Park area of St.

Mary's County. The model area extends north to
Hollywood Shores, south to St. Mary's City, west to
Hollywood, and east to PNATC. The model area

includes southern Calvert County (fig. 1, pl. 3). The
model area incorporates the majority of MetCom
production wells withdrawing from the Aquia
aquifer and all of MetCom's production wells
withdrawing from the Piney Point-Nanjemoy
aquifer. The majority of the MetCompumpage from
the Aquia aquifer occurs in the immediate vicinity of
Lexington Park and several of the producfion wells
are located in close proximity to one another. The
Lexington Park area model was constructed utilizing
a variable-sized grid. A finer grid pattem was used
in the Lexington Park area to ensure that producfion
wells were individually modeled and that adequate
resolution of water levels was provided as an output
for MODPATH to use in the calculation of particle
pathlines. A coarser grid pattern toward the model's
lateral boundaries ensured the total grid anay did not
exceed Visual MODFLOW limitations. The finest
discretization, located in the central part of the

model, measured 264 ftx264 ft. At the furthermost
boundary, the grid measured 792 ft x 1,056 ft. The
model grid consisted of an anay of 225 columns and
240 rows.

Pumpage for self-supplied domestic and minor
users, and steady-state head in areas coincident with
the local model botrndaries were tansferred from the
regional model to the local model in the regridding
process. A Forfan program and spreadsheet were
developed to transfer the data from the coarser

regional model cells to the finer local model cells.

BOI]}[D^A.RY CONDITIONS

The unconfined surficial aquifer and surface-
water bodies (model layer 1) were assigned a

8



constant-head boundary condition as in the regional
model. In order to maintain the predominantly
verlical flow across the confining layers of the
regional model, the lateral boundaries of the
confining layers (model layers 2 and 4) in the local
models were assigned no-flow boundary conditions.
The lateral boundaries of the Piney Point-Nanjemoy
and Aquia aquifers, modei layers 3 and 5
respectively, were assigned general-head boundary
(GIIB) conditions (McDonald and Harbaugh, 1988,
p. 11-1 to 11-4). The heads rnput to the GHB nodes
were derived from the regional model steady-state
simulation using GAP annual average withdrawal
rates. The local models' boundaries maintain the
ground-water inflows and outflows of the regional
model.

HYDROLOGIC PROPERTMS

The hydraulic properties for the aquifers and
confining beds used in the local models were derived
in part from the values used in the regional model
(Achmad and Hansen" 1997, tab. 4, p. 34). Visual
MODFLOW required the input of lateral (x- and y-
direction component) and vertical (z-direction
component) hydraulic conductivities for each layer.
Aquifer hydraulic conductivity values for the local
models were obtained by dividing the regional
model's transmissivity by the aquifer thickness.
Vertical hydraulic conductivity of the aquifers was
calculated as 1/10 of the lateral hydraulic
conductivity value. In the regional modei, each
confining layer was assigned a vertical hydraulic
conductivity value. For the local models, lateral
hydraulic conductivity values of the confining layers
were calculated by multiplying the verlical hydraulic
conductivity values by a factor of ten.

Hydraulic properties used in the local models are
summarized in table 2. In the local models the
surficial aquifer (layer 1) is designated a constant-
head boundary and properties unassigned. For the
upper confining bed (model layer 2), lateral
hydraulic conductivity was assigned a value of 0.004
feet per day (ft/d); porosity was assigned an average
value of 40 percent; and thickness was assigned a
range from 150 ft to 270 ft (Achmad and Hansen,
1997, fig. 3, p. 11). The Piney Point-Nanjemoy
aquifer (model layer 3) was given lateral hydraulic
conductivity values ranging from 0.0001 ff/d to 5.0
ftld. The low end of the range permitted the
Westem area model to more directly allow vertical
ground-water flow from the surficial aquifer to the
Aquia aquifer in the areas west and north of

Leonardtown where the Piney Point-Nanjemoy
aquifer pinches out. Thickness of the Piney point-
Nanjemoy aquifer ranged from less than 1 ft to 150
ft (Achmad and Hansen, 1997, fig. 4, p. 1a). An
average porosity of 40 percent was assumed. For the
middle confining bed (model layer 4), lateral
hydraulic conductivity was assigned a value of 0.005
ff/d, porosity was assigned an average value of 40
percent, and thickness was assigned a range from
100 ft to 200 ft (Achmad and Hansen, 1997, frg. 6,
p. 18). The Aquia aquifer (model layer 5) was given
lateral hydraulic conductivity values ranging from
2.5 ftld to II.7 ftld. The higher hydraulic
conductivity values occurred in the vicinity of
Lexington Park. Thickness of the Aquia aquifer
ranged from 120 ft, to 1.75 ft (Achmad and Hansen,
1997, fig. 8, p. 22), and porosity had an assigned
average value of 40 percent. The hydrologic units
dip in a southeast to easterly direction at an angle of
approximately 1 degree or less. Deeper stata
generally dip more steeply than the shallower strata.

PUMPAGE

Ground-water withdrawals from the Piney Point-
Nanjemoy and Aquia aquifers are atbibuted to
withdrawals made by major users and self-supplied
domestic and minor users. Major users withdraw
greater than 10,000 gallons per day (gpd). Domestic
users are primarily homeowners located in areas not
served by public water- supply systems and minor
users are all other users pumping less than 10,000
gpd.

The GAP issued by MDE requires water-supply
systems withdrawing greater than 10,000 gpd to
report pumpage records. These systems may consist
of a single well or multiple production wells. For
GAPs with a single well, the pumpage assigned to
the well in the model is the GAP annual average

withdrawal rate. For GAPs with mulfiple wells,
pumpage was assigned evenly to the wells or was
distibuted based on the GAP annual average

withdrawal rate apportioned using the reported year
2000 pumpage for each well. The year 2000 GAP
annual average withdrawal rateby major users in the
two local model areas totaled 0.517 million gallons

per day (MgaVd) from the Piney Point-Nanjemoy
aquifer and 4.776 Mgal/d from the Aquia aquifer
(app.B and C).

Pumpage amounts and distribution for self-

supplied domestic and minor users for the two local

models were derived from the regional model' The
year 2000 estimated aggregate pumpage by self-
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Layer
Aquifer/confining

layer

Lateral
hydraulic conductivityl

(ff/d)

Average
porosity

(percent)a

Thickness
(ft)

Depth to top of layer

Q below sea level
(ft)

i Water tablez (7s) (40) (30-s0) +150 to +40
above sea level

I Upper confining bed 0.004 40 t50470 +100 above sea level
to -50

J Piney Point-Nanjemoy
aquifer

0.0001-5.03 40 1-150 -50 to -200

4 Middle confining bed 0.005 40 100-200 -50 to -370

5 Aquia aquifer 2.5-11.7 40 120-175 -230to 450

Table 2. Aquifer and confining bed hydraulic conductivity, porosity, and thickness in the Western area
model and Lexington Park area model

$Vd, feet per day; ft, feet; no values are specified for storage or specific yield because the simulation assumes steady-state conditions.l

tThe vertical hydraulic conductivity is automatically calculated in model as l/10 of the lateral value.
2No values assigned in model because water table is modeled as a constant head.
3 At locations where the Piney Point-Nanjemoy aquifer pinches out conductivity of 0.001 ff/day and layer thiclcress of I ft were assigned

to facilitate a conduit for vertical flow from the water table through the upper and middle confining beds to the Aquia aquifer.
a Value assigned in model. Average porosity values reported by Morris and Johnson (1967, p. D20-D2l) are 39 to 43 percent for sand and

42 to 46 percent for silt/clay.

supplied domestic and minor users from the Piney
Point-Nanjemoy and Aquia aquifers in St. Mary's
County were 3.34 MgaVd and 1.18 MgaVd (Judittr
Wheeler, written comm., 2002), respectively.
Because the local models used a finer grid than the
regional model, the year 2000 domestic pumpage
assigned to each cell of the regional model was
divided by the ilrmber of new cells formed in the
regridding process. Pumpage for the local models
was then evenly distributed to the newly formed
cells. Redistributed domestic pumpage was not
assigned to those newly formed cells overlying
surface-water bodies.

MODEL VERIFICATION

The local area models are derived in part from
the larger regional model and use the same hydraulic
properties. As independent ground-water flow
models, however, they incorporate several aspects
not found in the original model: horizontal flow in
confining beds versus quasi-three dimensional flow
in the regional model, finer grid discretization,
aquifer transmissivity calculated from horizontal
hydraulic conductivities and layer thickness opposed
to specified ftansmissivit5r, use of five model layers
versus three model layers, and location and type
changes to the boundary conditions. A verification

process was followed to evaluate the accuracy of the
local area models in duplicating water level of the
previously calibrated regional model. Initially, the
local area and regional models were run under
steady-state conditions using the same GAP annual
average withdrawal rates. Simulated water levels for
pumping nodes from the local models were
compared with those of the regional model.
Additionally, potentiometric surfaces of the local
models were visually compared and matched with
those of the regional model.

A comparison of 41 simulated water levels for
the Westem area model is shown in table 3. A
graphical representation and best-fit linear
regression of the simuiated water levels is illustated
in figure 2. T\e linear regression indicates a mean
absolute error of 8.66 ft and a coefficient of
determination (l) of 0.90. The slope of the linear
regression iine is 1.16, while it is 1.00 for a perfect
match. Differences in simulated head of pumping
wells between the two models were most likely
caused by differences in the respective sizes of the
pumping cells in the two models.

In the Lexington Park area model, simulated
water leveis for 66 production wells were used for
comparison with the regional model. In order to
reduce the effects of differing cell sizes between the
models, simulated water levels of both models were
adjusted for additional drawdown in the pumping
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Table 3. Comparison of simulated water levels of the regional model and Western area model

[SM, St. Ma.y's County CA, Calvert County ft, feet]

Well Regional model water-level
(ft)

Westem area model
waterlevel

(ft)

Difference
Western-Regional

(ft)

SMAb6
SMAbT
SMAb9
sM Bb 26
SM Bb 28

SMBb 29
SMBb 30
SM Bc 32
SM Bc 33
SM Bc 35
SM Bc 36
SMCa 9
SM Cb 18

sM cb 29

sM cb 30
SM Cc 15

SM Cc 16

SM Cc 19

SM Cc 27
SMCc 30
SM Db 45
SMDc t

SM Dc 58

SM Dc 60
SM Dc 62
SM Dd 39
SMDd 30
SM Dd 41

SMDd45
SM Dd 47
sMDd 64

SMDd 65
SMDd 70
SM Dd 73
SM Ed 17

CADb 26

CADb 40
CA Db 41
CA Db 45
CADb 64

cA Db 88

47
47
47
-55
-55
-53

-52
-55
49
49
-35
-55
-61
-72
-60
-55
-55
-65
-62
-63
-32
-85
-58
43
-72

-1 15

-tt7
-87

-87

-74
-85

-1 i0
-100
-78
-73

-54
-48
-60
49
-53
-55

-35.1
-35.1
-33.1
43.2
43.5
40.3
-39.s
43.2
46.0
43.5
-37.8
41.8
-59.4

-68.2
-s0.2
42.6
42.s
-51.9
-50.5
-52.8
-32.7
-86.6
-60.2
-39.7
-85.5
-tIL.2
-136.5
-91.2
-91.6
-8 1.3

-86.s
-1 18.1
-87.9
-86.7
-82.3
-52.4
43.8
-7s.6
-s4.6
49.4
-52.9

11.9
11.9
13.9
11.8
11.5
12.7
12.5
11.8
3.0
5.5
-2.8
13.2
1.6

3.8
9.8
12.4
12.5
13.1

11.5
r0.2
-0.7
-t.6
-) ')
J.J

-13.5
3.8

-r9.5
4.2
4.6
-7.3
-1.5
-8.1
12.l
-8.7
-9.3
t.6
4.2
-t5.6
-5.6
3.6
2.1

I No well number, well not inventoried
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center by applyrng the Theim equation (Anderson
and Woessner, 1992, p. 147-148; Achmad and
Hansen, 2001, p. 6). This comparison is shown in
table 4 and graphically illustrated in figure 3. A
regression analysis of the adjusted simulated water
levels indicated a mean absolute error of 12.38 ft, a
coefficient of determination (r2) of 0.91 and a
regression line slope of 0.91.

A statistical comparison of the water levels
simulated by the regional model and the two local
models show that they differ within acceptable limits
and have similar trends.

MASS BALAIICE

At the end of the steady-state simulation, a mass
balance was calculated to analyze the ground-water
fluxes of the Western area and the Lexington Park
area models. The mass balance indicated that the
local models received inflow to the Piney Point-
Nanjemoy and Aquia aquifers from vertical leakage
through overlying layers at a rato of 8.611 MgaVd
(62 percent) and from lateral inflow through GHB
nodes at a rate of 5.286 MgaVd (38 percent). The
outflow component of the models totaied 0.163
MgaVd (1 percent) from the constant-head nodes
assigned to major strrface-water bodies, 2.173
MgaVd (16 percent) from lateral flow tlrough GHB
nodes and 11.561 Mgayd (83 percent) from the
aggregate pumpage of the major users and the self-
suppiied domestic and minor users.

The oufflow component of pumpage (11.561
Mgal/d) simulated in the local models included
withdrawals from St. Mary's County (9.853 Mgal/d)
and Calvert County (1.708 MgaVd). The St. Mary's
County portion of the total consisted of 5.293
MgaVd by major ground-water users (exceeding
10,000 gaVd) and 4.56 MgaUd by self-supplied
domestic and minor users.

SIMULATED WATER LEVELS

The GAP annual average rates used in the model
simuiations differ from the actual reported pumpage
for year 2000. Consequently, simulated water levels
do not depict the reported water levels for year 2000
(Curtin, Andreasen, and Wheele1 2002). In the
Westem area model, simulated Aquia water levels
range from 30 ft below mean sea level (msl) to more
than 110 ft below msl with a cone of depression
forming towards the east (pl. 2). The MetCom well
field at Country Lakes, the South Star Sand and

Gravel Mine water-supply well, and the
Leonardtown well field simulated GAP annual
average withdrawal rates from the Aquia aquifer
greater than 100,000 gpd. The Country Lakes-
Beverly Estates well field, simulated at an GAP
annual average withdrawal rate of 140,000 gpd,
lowered water levels to approximately 50 ft below
msl. The South Star Sand and Gravel Mine water-
supply well simulated at 119,000 gpd lowered the
water level to about 75 ft below msl. The
Leonardtown well freld simulated at an annual
avetage withdrawal rate of 525,000 gpd deepened
the cone of depression in the area to approximately
115 ft below msl. Simulated Aquia water levels in
the vicinity of pumping wells with lower pumpage
rates ranged from 40 ft below msl in the north at
Charlotte Hall to approximately 87 ft below msl in
the south at Holland Forest. The simulated
potentiometric gradient in the northern porLion of the
Westem area model averages about 3.3 ft per mile
(ff/mi) and in the southern portion averages about
17.6ftlnt (p1.2).

In the Lexington Park area model simulated
heads and flow lines for the Aquia aquifer show a
cone of depression in the area of Lexington Park
(fig. 4). Significant GAP withdrawals in the
Lexington Park area model are derived from
MetCom's Lexington Park and Cedar Cove systems,
PNATC, and Chesapeake Ranch Estates (in Calvert
County). MetCom Lexington Park system wells
located at Pegg Road, Bank Square, Colony Square,
and Essex Drive simulated a combined withdrawal
rate of 922,857 gpd. Pumpage for all wells
associated with the Lexington Park system totaled
1,450,000 gpd. These wells created a significant
cone of depression that influenced the ground-water
flow iines around the Lexington Park area.
Maximum depth of the simulated heads measures
approximately 172 ft below msl near the intersection
of Pegg Road and Route 235, and 159 ft below msl
near Bank Square. GAP wells located at
Chesapeake Ranch Estates pumped a cornbined
900,000 gpd and created a second cone of
depression near Solomons Island (in Calvert
County). This cone h:rrd a maximum depth of
approximately 155 ft below msl. At the -110 ft msl
contour, the two cones of depression merged to
create a regional cone of depression that influenced
the direction of ground-water flow toward the

Lexington Park area.
Simulated heads and flow lines for the Piney

Point-Nanjemoy aquifer also show a cone of
depression in the area of Lexington Park (fig' 5).

Significant withdrawals are derived from MetCom
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Table 4. Comparison of simulated water levels of the regional model and
Lexington Park area model after adjustment using the Thiem
equation

[& f.rt; SM, St. Mary's County; CA, Calvert County]

Adjusted water levels applyrng the Thiem equation Water
level

difference
Well

SM Ce 30
SM Ce 34
SM Ce 35
SM Ce 36
SM Ce 37
SM Ce 38
SM Ce 43
SM De 36
SM De 55
SMDfI
SMDf3
SMDf4
SMDf 5

SMDfT
SMDfS
SMDf9
SM Df IO
SM Df 12

SM Df 14

SMDf 22
SM Df 42
SM Df 43
SM Df 49
SM Df 50
SM Df 53
SMDf 54
SM Df 60
SM Df61
SMDf 62
SM Df 67
SM Df 68

SMDf 69

sMDf 70

SM Df 73

SMDf 76
sM Df 78

SM Df 80

SM Df 89

SM Df 90
SM Df 92

Model

St. Mary's County

ParkModel

-96
-82
-82
-34
-34
-96
-89

-195
-135
-161
-161
-161
-161
-139
-55
-55
-139
-139
-55
-157
-156
-139
-98
-98
-69
-69
-69

-161
-246
-69
-69
-69
-94
-r49
-157
-156
-t27
-t7r
-146
-r70

-98.9
-76.8
-77.2
-23.0
-37.3
-98.8
-81.1
-r93.9
-138.1
-145.6
-151.9
-143.4
-149.5
-134.0
-55.6
-s9.6
-r32.3
-123.8
-7r.9

-157.7
-1,54.4

-r25.6
-1,16.4

-108.9
-93.0
-53.7
-92.3

-1s2.3
-243.8
49.5
-51.7
-54.9
-112.4
-139.1
-155.7
-153.8
-116.9
-156.5
-145.4
-161.4

-J
5
5

11

-3
-3
8
1

-3
15
9

18
11

5

-1
-5
7

15

-17
-1
2

13

-18
-11
-24
15

-23
9
2

20
L7
T4

-18
10

1

2
10
I4

1

9

F
lry

F;:'

fs

lry

F

F

ts

F
E

lry

Fr

s
F
E
s
F
F

F
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Table 4. Comparison of simulated water levels of the regional model and
Lexington Park area model after adjustment using the Thiem
equation-Continued

Adjusted water levels applyng the Thiem equation
ft)(

Water
level

difference
(ft)Well Resional Model Lexington Park Model

St. Mary's County-Continued
I
2
J
5
6
10

13

SM Dg
SM Dg
SM Dg
SM Dg
SM Dg
SM Dg
SM Dg

-t20
-120
-t20
-111

19.7
15.2

13.8
00.1
08.8
19.3

15.5
07.4
16.0
r8.3

-1t7.9
-75.0
-75.4

-102.8
-75.4
-r14.2
-23.r

-134.1
-r52.8
-155.7
-181.3
-157.9
-94.8
-93.6
-98.9

-159.5

-1
-1
-1
-1
-1
-1
-1
-l
-1

-1

I

0
5

6
1

2
8

2
6

-1 11

-127
-1.27

-1 13
I

SM Ee 49
SM Ef3
SM Ef65
SM Ef66
SM Ef69
SMEf 81

sM Ef82
sM Ef83
SM Ef9O
SM Eg 29

CAFd 1

cA Fd 68
cAFd 69
cA Fd 70
CAFe 18

CAFe 19

CA Fe 20
CA Fe 21
CA Fe 30

-84
-84
-84
-91
-92

-111
-91

-111
-25

-32
-34
-34
t6
17

8

t6
-3
2

-1

-1

-1
-1
-1

-1

-1

-1

-1

38
7t
7l
69
6T

05
05
05
63

Calvert Comty
4

18
15

-12
3

10
11

6
4
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Nanjemoy aquifer using withdrawal rates based on annual average
ground-watei appropriition permits for year 2000 in the Lexington Park
area model.
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wells located at Great Mills, Hills Mobile Home
Park (Hills MHP), and Town Creek #6.4. and from
PNATC's well located at building #532. These

wells were simulated at annual average GAP
withdrawal rates of 150,810 gpd, 150,000 gpd,
182,377 gpd, and 127,684 gpd, respectively'.

1 
It should be noted actual pumpage rates for Metcom's Hills MHP and

PNATC's building 532 were significantly tess than simulated.
Delineated zones oftransport for these wells may not be appropriate if
fufure usage does not approxirnate simulated pumpage rates.

Maximum depth of the simulated heads in the Piney
Point-Nanjemoy aquifer measured approximately
147 ft below msl near Great Mills. An additional
cone of depression measuring approximately 40 ft
below msl was located at Solomons Island in Calvert
County.
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SIMULATION OF PARTICLE TRACKING

For this study, VisUaI MODFLOW was used to
apply the USGS ground-water flow program
MODFLOW and particle-tracking program
MODPATH. MODPATH calculates three-
dimensional particle trajectories using the
assumption that the components of velocity in each
of the three directions of flow within the finite-
difference cell of the MODFLOW model vary
linearly u.ith the flow rates calculated by
MODFLOW at each face of the cell (Polloclg1994).
Since MODPATH is a post-processor to
MODFLOW, its accuracy is dependent on the
accuracy of the ground-water flow model.

Discretization of the modeled area determines
the accuracy of the parbicle pathlines calculated by
MODPATH. Numerous studies have indicated that
only when the model-cell size was made sufficiently
small would ground-water flow rates, particle traces
and the associated travel time be accurately
calculated (Moltyaner and others, 1993; Polloclg
1988). A characteristic leakage langth (Lambda),
defined as the sqrure root of aquifer transmissivity
times the resistance of the confining bed (Hai{ema,
Kelson, and de Lange, 2001, p.937), was used to
estimate the appropriate grid size for the local area
models. Using aquifer and confining bed parameters
representative of the area, alambda value2 of 4,000
ft was estimated. Ideally, cell sizes should be 0.1
Lambda (or 400 ft) (Ilaifema, Kelson, and de
Lange, 2001, p. 935). The grid dimensions for both
the Western area model (400 ft x 400 ft) and central
part of the Lexington Park area model (264 ftx264
ft) are within this limit.

The vertical dimensions of the aquifers and
confining beds are used by MODPATH when
calculating the position and velocity of the
hypothetical particles at discrete points in the flow
system. The hypothetical particles may be released
at different depths along the well screen, in different
pattems, and different quantities. The option selected
was to release 40 particles from the middie of the
pumping cell in a circle with a radius equal in length
to one half the side of the pumping cell (an average
of 200 ft.). The circular arrangement of particle

t t .bd" = square root (Aquifer ransmissivity x confining bed
thiclness divided by confining bed vertical hydraulic conductivity)
(Haig'em4 Kelson, and de Lange, 2001). Using a minimum value for
aquifer ransmissivity of about 640 ft squared per day, an average
confining bed tbickness of 100 ft, and a minimum confining bed
conductivity of 0.004 ftld, Lambda is 4,000 ft and 1/10 hmbda is 400
ft.

sources better depicted the areal extent of the
pathline frajectories.

Particle pathlines and endpoints are influenced
by decisions made during rnodel set-up in addition
to simulated withdrawal rates and time of travel. In
MODFLOW, a pumping well is simulated by a
single cell with a specified discharge rate. The
withdrawal occurs over the entire cell and the cell's
head is an averaged head over the entire area ofthe
cell. The size of the pumping cell will influence the
degree to which the averaged head is able to
approximate the observed head and, thus, the
gradient in the area adjacent to the pumping well.
Smaller cell sizes better approximate simulated
heads and, therefore, pathlines, by providing geater
resolution of the gradient. However, smaller cell
sizes do not necessarily infer a better understanding
of the hydrogeologic conditions. Higher simulated
withdrawal rates increase the gradient and the tavel
distances of particles over a specified period of time.
However, the increase in distance will not be linear
since the gradient is steeper closer to the well than it
is at firrther distance.

The particie-tracking program MODPATH
simulates the pathlines and endpoints of particles
released in the ground-water flow model. Particle
pathlines, and, consequently, endpoints, are affected
by several factors. In addition to the considerations
previously mentioned, MODPATTI must determine
w.hen to terminate a particle's travel. MODPATH
accomplishes this determination by classifying a
model cell as either a strong or weak sink. In a

strong sinlq the volume of water discharging from
the modei equals the volume entering the cell. In a
weak sink, the volume of water discharging from the
cell is less than the volume entering or passing

through the cell. For a weak sinlg the particle may:
1) pass through the cell, 2) stop when it enters the
cell, or 3) stop when the volume discharged exceeds

a certain percentage of the cell's inflow. The default

value for the latter option is 5 percent (Guiger and

Franu,2000) and was the value accepted for this
study.

BACKTRACKING PARTICLE PATTTT,INES

FROM PRODUCTION WELLS

Particle-tracking techniques calculate pathlines

of hypothetical water particles in a ground-water

flow- iystem either forward in the direction of the

ground-water flow or backward in the direction
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opposing the ground-water flow. The backward-
tracking technique assumes water particles are
released in the pumping cell of the model and
tracked backwards in the direction opposing ground-
water flow to either the source of water in the water
table or to the location of particles at some period of
time before entering the well. The area surrounding
a pumping well that encompasses all areas or
features that supply ground-water recharge to the
well is tJ;re Zone of Contribution and the area
surrounding a pumping well bounded by an
isochrone contour, through which a contaminant
may travel and reach the well, is the Zone of
Transport. A Wellhead Protection Area is the surface
or subsurface area surrounding a water well or well
field through which contaminants are reasonably
likely to move toward and reach a public-supply
well or well field. Backward-tracking techniques,
therefore, provide an efficient means of delineating
the source of recharge and time of travel to localized
points of discharge, such as production wells or well
fields @ollock" 1994,p. 2-15).

DELIIIEATION OF ZOIIES OF TRANSPORT

Zones of transport for production wells were
affected by the rates of pumpage. Stand-alone wells
pumped at a relatively large rate created large cones
of depression in the immediate vicinity of the wells.
The zones of transport associated with these wells
were generally concentric in shape and propagated
greater distances. Clusters of wells pumped at
higher rates created larger cones of depression and
zones of transport that showed interference of
ground-water flow lines with adjacent wells. In
contrast, wells pumped at lower rates generally
exhibited localiz.ed and iess identifiable cones of
depression. 7-ones of transport for these wells
propagated shorter distances and were elongated in
shape in the up-gradient direction of the regional
flow lines. The elongation of zones of transport
were more pronounced in areas of high
potentiometric gradient.

Particle pathlines were backward tracked for
time intervals of 1 year, 10 years, and 20 years.
Corresponding time-related zones of transport were
delineated for production wells in St. Mary's County
active during year 2000 and screened in either the
Piney Point-Nanjemoy or Aquia aquifer. Zones of
transport for specified periods of time were
estimated from MODPATH's endpoints. Visual
MODFLOW, however, terminates particle paths at
the nearest cell face for the specified ending time (20

years), imparting a stepJike pattern. The zones of
transport displayed in figures 6 to 33 include the
endpoints farthest from the pumping well and,
therefore, may slightly exaggerate the extent of the
zones. Because t}re 2}-year endpoints are confined
to the pumped aquifer, the zones of hansport are
presented in plan-view.

An overview is provided by plate 3, which is a
composite map of particle pathlines (scale
1:100,000) representing Z}-year zones of transport
for production wells in the Western area and
Lexington Park area models. One-year, l0-year, and
20-year zones of transport for individual production
wells and well fields are also shown on more
detailed base maps (scale I:24,000) for the Western
area model (figs. 6-20) and the Lexington Park area
model (figs. 21-33). For the purposes of this report,
the 2O-year zone of transport surrounding a pumping
well is considered its well-head protection area.

Aquia Aquifer

The Aquia aquifer is the principal source of
ground-water in St. Mary's County. A total of 88
public water-supply wells, i3 with simulated
pumpage rates greater than 100,000 gpd, withdraw
from the Aquia aquifer. Major cones of depression
have formed in the Lexington Park and Leonardtown
areas, which influence regional ground-water flow in
St. Mary's Cotmty. The 2O-year zones of transport
for the higher capacity wells extend radially outward
in generally concentric patterns to distances ranging
from 1,150 ftto2,350 ft. Where production wells are
located in close proximity to one another, well
interference distorts the particle pathlines creating
zones of transport that are mirror images of one
another. Wells simulated at lower withdrawal rates
generated zones of transport that are comparatively
small and elongated in the up-gradient direction.
The shapes of these zones of transport indicate that
they are chiefly influenced by prevailing ground-
water flow pattems (fig. 4, pl. 3). These 2}-year
zones of transport extend approximately 400 ft to
1,000 ft from the pumping wells.

Charlotte HaIl, RoIIing Acres, Laurel Ridge,
and Hearts Desire

MetCom operates public water-supply wells at
McKays Plaza, Charlotte Hall (CH#l and CH#1R)
at a combined, simulated GAP annual average of
57,200 gpd. The l-year, lO-year, and2}-year zones
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of transport for a well at McKays Plaza, simulated at
an ailocated withdrawal rate of 14,500 gpd, have
maximum radial distances of about 450 ft, 650 ft,
and 850 ft, respectively (frg. 6). Charlotte Hall wells
(CH#IR and CH#l) were simulated in two adjacent
cell nodes at allocated withdrawal rates of 23,600
gpd and 19,100 gpd. The zones of transport for
CH#l and CH#2 are elliptical in shape and mimic a
mirror image, reflecting interference between closely
spaced wells (fig. 6). Their l-year, l0-year, and20-
year zones of transport are approximately the same

and at a maximum extend about 400 ft, 600 ft, and
1,000 ft, respectively, from the well. Effects of well
interference also are evident at Charlotte Hall
Veterans Home where wells CIIVH#I and CITVH#2
pump at a combined GAP annual average rate of
70,000 gpd with 35,000 gpd allocated to each well.
Their zones of transport are mirror images with
elongated elliptical shapes. The l-year, 10-year, and
20-year zones of transport measured at their
maximum extend about 400 ft, 750 ft, and 1,150 ft
fromthe well.

At the Wentworth Nrusery well field two supply
wells are pumped at a combined GAP annual
average of 15,000 gpd. The wells were simulated in
two adjacent cell nodes at an allocated withdrawal
rate of7,500 gpd each. The l-year,lO-year, and 20-
year zones of transport measured at their maximum
extend about 300 ft, 500 ft, and 800 ft from the
wells (frg. 6). The elongated up-gradient direction of
the zones of transport was influenced by the
generally north-south direction of regional ground-
water flow (p1.2).

MetCom operates two wells at Rolling Acres
Subdivision that were simulated at a GAP annual
average of 59,200 gpd and two wells at Laurel Ridge
Subdivision simulated at a GAP annual average of
61,300 gpd. The two wells at both subdivisions were
pumped altemately throughout the year and
simulated as a single cell node. The l-year, l0-year,
and 2}-year zones of transport for both well fields
were similar in sizes and have maximum radial
distances of about 600 ft, 800 ft, and 1,200 ft,
respectively (fre.7).

The l-year, L0-year, and 20-year zones of
transport for the MetCom public-supply wells at
Hearts Desire Subdivision simulated at GAP annual
average of 5,300 gpd have maximum radial
distances of about 400 ft, 500 ft, and 700 ft,
respectively (frg. 8). The influence of the regional
ground-water flow gradient on the zones of transport
is minor, because it is comparatively low in the
northem part of the Westem area model (3.3 fl/mi).

Persimmon Hills, Birch Manor, King-Kennedy
Estates, Country Lakes, and Wicomico Shores

MetCom operates eight public-supply wells
located in the middle portion of the Western area
model, including Persimmon Hills, Birch Manor,
King-Kennedy Estates, County Lakes (p1. 2). The
L-year, lO-year, and 2O-year zones of fransport for
the public-supply well at Persimmon Hills
Subdivision simulated at GAP annual average of
39,700 gpd have radial distances of about 450 ft, 600
ft, and 800 ft, respectively (fie. 9). MetCom
operates two wells at Birch Manor Subdivision with
a combined GAP annual average of 30,000 gpd. The
supply wells were simulated as two adjacent cell
nodes pumped at an allocated rate of i5,000 gpd
each. The zones of transport for the production welis
were mirror images of the same size. The l-year, 10-
year, and Z0-year zones of transport at the two sites,
measured from the well, extend a maximum distance
of 400 ft, 700 ft, and 1,000 ft, respectively (frg. 9).

MetCom operates two wells (KK#l and
KK#2R) at the King-Kennedy Estates with a
combined GAP armual average of 31,000 gpd. The
KK#1 well simulated an allocated withdrawal rate of
5,862 gpd, while the KK#2R well simulated an
allocated withdrawal rate of 25,138 gpd. The l-year,
l0-year, and 2O-year zones of transport for KK#l
were elliptical in shape extending at maximum about
550 ft, 700 ft, and 1,100 ft, respectively from the
well (fig. 10). The circular I-year,l0-year, and20-
year zones of transport for KK#2R were slightly
ebcentric in shape with maximum distances from the
wells of about 500 ft, 700 ft, and 950 ft, respectively
(fig. 10). The southeast-northwest up-gradient
direction of the elongated zones of transport for
KK#l was caused by the prevailing northwest-
southeast direction of regional ground-water flow
(pl. 2) and interference fromKK#2R.

MetCom operates three public-supply wells at
Country Lakes and Beverly Estates with a combined
GAP annual average of 240,000 gpd. The wells
were simulated at allocated rates of 48,00 gpd for
well CL#18, 45,000 gpd for well CL#2 , ffid
l47,O0O gpd for well CL#3, which produced zones

of tansport of different sizes and shapes related to

magnitude of the withdrawal and distance between

the wells. The l-year, l0-year, and20-yeat zones of
transport for CL#2 Tower well, a stand-alone well,

has a maximum radial distance of about 500 ft' 750

ft, and 1,300 ft, respectively. The zones of transport

for CL#3 were relafively dominant and interfered

with the zones of fransport of CL#IB, which was
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simulated at a relatively lower allocated withdrawal
rate (fig. 11). The l-year, l0-year, and2}-year zones
of tansport for CL#18 and CL#3 extend at their
maximum about 550 ft.,700 ft, and l,2SO ft and 550
ft, 1,050 ft, and 1,600 ft, respectively from the well.

Well SM Ca 9 is operated by the St. Mary's
Counfy Department of Recreation and parks. It
supplies the golf course in Wicomico Shores and
was simulated at a GAP annual average of 60,300
gpd. The maximum radial distances for l-year, 10-
year, and 2D-year zones oftransport are 500 ft, 850
ft ,and 1,150 ft, respectively (fig. l2). MetCom
wells SM Ca 5 and SM Ca 10, also located in
Wicomico Shores, were not included in the model
simulation because they withdraw from the Upper
Patapsco aquifer.

Holland Forest, Mulherry South, Wilderness Run,
Saint Clements Shores, and Breton Bay

In the soutlrcrn part of the Western area model
MetCom well fields at Holland Forest and Mulberry
South consist of pairs of closely located wells. The
production wells are normally pumped in an
alternating manner and are simulated in the model as
a single pumping node. Both Holland Forest (7,100
gpd) and Mulberry South (5,700 gpd) have
comparatively low GAP annual average withdrawal
rates. Their zones oftransport are elongated in the
up-gradient direction because the potentiometric
gradient is comparatively high in the southern part of
the Westem area model (about 17.6 ftlmi). The 1-
year, lO-year, and 2D-year zones of transport form
elongated ellipses that extend for both wells a
maximum distance of about 400 ft, 550 ft, and 900
ft, respectively, for Holland Forest (frg. 13), and 400
ft,700 ft, 1,050 ft, respectively, for Mulberry South
(frg. 14).

Zones of transport were simulated for MetCom
production wells at Wilderness Run, Saint Clements
Shores, and Breton Bay at GAP annual average
pumpage rates of 25,000 gpd, 55,000 gpd, and
85,000 gpd, respectively. The size of the zones of
foansport reflect their rates of withdrawal. The
maximum radius of the t-year,l0-year, and 20-year
zones of transport measured from the wells at
Wildemess Run, Saint Clements Shores, and Breton
Bay are, respectively, about 500 ft, 650 ft, and 950 ft
(fig. 15); 500 ft, 950 ft, and 1,200 ft (fig. 16); and
700 ft, 1,000 ft, and 1,400 ft (fig. 17).

Leonardtown, Vocafional Technieal Center,
Maryland Rock Industries Plant, Tekstar
fndustriesn Mount Pleasant, Bushwood Bouting
Company, South Star Sand and Gravel Mine, and
Chopticon lIigh School

Four producfion wells with a combined GAp
annual average of 525,000 gpd are operated at
Leonardtown (figs. 13, 14). Two of the wells at
Fenwick Road (LT#l and LT#4) were simulated as
pumping from one cell node at 26I,994 gpd. The
maximum radius of the l-year,l0-year, and2}-year
zones of transport are about 600 ft, 1,200 ft, and
2,200 ft., respectively (frg. I4). The other two
production wells at Leonardtown are located
adjacent to one another in the St. Mary,s County
Government Center. Wells LT#2 'and 

LT#3
simulated at withdrawal rates of L37,103 gpd and
125,903 gpd respectively, produced elliptical l-year,
lO-year, and 2}-year zones of tansport that extend
from the wells about 700 ft, 1,200 ft, and 1,750 ft
and about 500 ft, 900 ft, and 1,150 ft at their
maximum (fig. 13). The zones of transport for wells
LT#2 and LT#3 showed the effects of well
interference in addition to regional ground-water
flow.

Two water-supply wells at the Vocational
Technical Center with a GAP annual average of
30,000 gpd simulated pumping from two adjacent
cell nodes at an allocated rate of 15,000 gpd each.
The zones of transport are mirror images of each
other. The l-year, l0-year, and 2}-year zones of
tansport at their maximum extend about 400 ft, 650
ft, and 900 ft, respectively (fig. la). Maryland Rock
Industries operate one supply well simulated at a
GAP annual average of 40,000 gpd. At their
maximum the l-year, l0-year, and 20-year zones of
tansport extend from the well about 500 ft, 850 ft,
and 1,200 ft, respectively (fig. l7). The low rate of
withdrawal (7,500 gpd) at the Tekstar Industries site
produced elliptical zones of transport extended in the
up-gradient direction of regional ground-water flow
(pl. 2). The l-year, l0-year, md Z}-year zones of
transport extend about 400 ft, 600 ft, and 1,050 ft,
respectively, at their maximum from the well (fig.
13).

The l-year, lO-year, and 20-year zones of
transport for the production wells at Mount pleasant
simulated at a GAP annual average of 13,000 gpd
and Bushwood Water Bottling Company simulated
at a GAP annual average of 10,000 gpd were almost
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identical with a radial distance of about 500 ft, 600
ft, and 900 ft, respectively (fig. 18). The l-year, 10-
year, and 2}-year zones of transport for the wells at
South Star Sand and Gravel Mine simulated at a
GAP annual average of 119,000 gpd and Chapticon
High School simulated at a GAP arrnual average of
20,300 gpd were eccentric circles. At their
maximum the zones of transport extended about 700
ft, 11,000 ft, and 14,000 ft (fig. 19) and about 400 ft,
600 ft, and 800 ft, respectively (fig. 20).

Fenwick Manor and Hollywood

MetCom operates public-water supply wells #1
and #2R at Fenwick Manor. These welis are
essentially co-located with alternating on/off cycles.
Combined annual average pumpage is 25,000 gpd.
Zones of transport for the l-year, l0-year, and 20-
year periods extend radially about 400 ft, 500 ft, and
700 ft from the well, respectively. The zones are
centered on the wells and slightly elongated toward
the north (fig. 21). The well located at Hollywood
has a GAP annual average rate of 7,500 gpd. The
zones of transport for the L-year, lO-year, and 20-
year periods measured approximately 400, 600, and
700 ft, respectively, from the well in an elongated
pattern toward the norttr (fig. 21).

SL Mary's Industrial Park and Wildewood

The Saint Mary's Industrial Park well has a

GAP annual average rate of34,000 gpd. Zones of
transport for the l-year,l0-year, and20-year periods
measured approximately 600, 850, and 1,100 ft,
respectively, from the well in an ellipsoid pattern
toward the north-northwest (fig. 22). The
Wildewood Subdivision is served by three public
water-supply wells. The permitted annual average
withdrawal rate is 350,000 gpd. The modeled
pumpage rates for wells #I, #2, and #3 are
approximately 97,000 gpd, 25,000 gpd, and 228,000
gpd, respectively. Zones of tansport for the l-year,
l0-year, andZ0-year periods vary in size, dependent
upon the pumpage amounts, and reach a maximum
radial distance of approximately 600, 1200, and
1600 feet, respectively, for well #3 (fr9.22). The
shape of the zones of fransport for wells #1 and #3 is
nearly concentric, while for well #2 the shape is
slightly ellipsoidal.

Esperanza Farms, Town Creek, Laurel Glen, San
Souci, Greenview Knolls, and Tubman Douglas

In the Town Creek area, MetCom operates wells
located at Esperanza Farms, Town Creek #68, and
Laurel Glen (fig. 23). These wells were simulated at
GAP annual averrge rates of 138,400 gpd, 60,047
gpd, and 55,300 gpd, respectively. The zones of
transport for Esperanza Farms extend radially to a
maximum of 500 ft, 1,000 ft, and 1,400 ft,
respectively for time periods of 1, 10, and 20 years.
The zones were concentric in shape indicating that
pumpage at Esperanza Farms was the dominant
influence on ground-water flow in that area. For
Town Creek #68 and Laurel Glen, zones measured
about 400 ft, 800 ft, and 1,100 ft, respectively, for
the same time periods. These wells' zones of
tansport were slightly ellipfical in a northwest
direction, indicating that they were influenced by
their relatively lower pumpage rates and their
proximity to other higher pumpage wells in the
Lexington Park area. South of Town Creelg
MetCom operates wells at San Souci, Greenview
Knolls #3, and Tubman Douglas $g.2q. These
wells were pumped at GAP annual average rates of
7I,133 gpd, 80,000 gpd, and 50,000 gpd,
respectively. For time periods of 1, 10, and 20
years, the maximum radius of the zones of tansport
measured approximately: 400 ft, 800 ft, and 1,200 ft,
respectively, for San Souci; 500 ft, 1,000 ft, and
1,400 ft, respectively, for Greenview Knolls #3; and
400 ft, 800 ft, and 1,300 ft, respectively, for Tubman
Dbuglas. Zones of tansport were slightly elliptical
in the up-gradient direction indicating that some well
interference occurred from pumpage in the
Lexington Park area.

Pegg Road, Bank Square, lYillows Road, Colony
Square, and Essex Drive

In the immediate vicinity of Lexington Parlg

near the intersection of Routes 235 and 246,

MetCom operates wells at Pegg Road, Bank
Square, Willows Road, Colony Square, and'Essex
Drive €rg. 25). These wells were simulated at

apportioned GAP annual average rates of 450,675

gpd, 225,065 gpd, 96,239 gpd, 114,768 gpd, and

132,343 gpd, respectively. Combined, these

withdrawals total approximately 1'019 MgaVd and

constitute the highist porrrpug. tate in the Aquia
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aquifer by MetCom. The maximum radius of the
zones of transport for Pegg Road measured about
700 ft, 1,600 ft, and 2,350 ft, respectively, for 1-
year, lO-year, and 2}-year intervals. These zones
were concentric in shape. Zanes of transport for the
remaining four wells had a maximum radial distance
of about 550 ft, 1,500 ft, and 2,300 ft. The shape of
these zones varied from elongated for Essex Drive to
mirror images of each other for Colony Square and
Willows Road. The shape of the zone of transport
for Bank Square was roughly a mirror image of the
combined pattern for Colony Square and Willows
Road. The shapes ofthese zones oftransport show
extensive well interference with one another.
However, the combined pumpage from these wells
approximate one large withdrawal with a composite
20-year zone of transport measuring about 6,000 ft
across in an east-west direction and about 5,000 ft
across in a north-south direction.

Hanfing Quarters, Greenbriar, Southgate, and
Cedar Cove

MetCom also operates several smaller public
water-supply systems with welis located at Hunting
Quarters #1 and #2, Greenbriar #2, Southgate, and
Cedar Cove #1 and#Z (fi9s.26-28). Since Hunting
Quarters #1 and #2 are co-located and operate with
altemating on/off cycles, the wells were simulated as
one withdrawal at the GAP annual average rate of
40,800 gpd. The remaining wells were simulated at
their apportioned GAP annual average rates of
26,500 gpd, 13, 600 gpd, 73,262 gpd, and 86,738
g1rd, respectively. For l-year, lO-year, and 2}-year
periods, the maximum radius of the zones of
transport for Hunting Quarters measured about 500
ft, 800 ft, and 1,100 ft, respectively (fi9.26). The
shape of the zones of transport were slightly
elliptical. For l-year, l0-year, and2}-year periods,
the maximum radius of the zones of transport for
Greenbriar #2 and Southgate measured about 450 ft,
900 ft, and 1,600 ft; and 600 ft, 900 ft, and 1,250 ft,
respectively (frg- 27). The shape of the zones of
transport were elliptical showing some influence
from the Aquia production wells in Lexington Park.
For l-year, l0-year, and 2O-year periods, the
maximum radius of the zones of transport for Cedar
Cove #1 and #2 measured approximately 500 ft,
1,200 ft, and 1,800 ft, respectively (fig. 28). The
shape of the zones were elliptical due to pumping at
neighboring PNATC, but also showed some well
interference with one another.

Patwcent Naval Air Test Center

At PNATC, the U.S. Navy operates 20
production wells screened in the Aquia aquifer (app.
C, permit SM 74cAP018) (figs. 29-31). Wells
located at buildings #529 and #590 (fig. 29) had the
largest withdrawals and were simulated at
apportioned GAP annual average rates of 148,356
gpd and 102,6L9 gpd, respectively. The maximum
radius of the zones of transport measured 550 ft,
1,300 ft, and 1,900 ft, respectively, for the well at
building #529 (fig. 29) and 500 ft, 1,000 ft, and
1,500 ft, respectively, for the well at building #590
(fig. 30) at the l-year, l0-year, and2}-year intervals.
The shapes of the zones of transport were concentric
with some elongation of the pathlines in the
direction of the regional ground-water flow. The
remaining production wells at PNATC had zones of
transport that ranged from 200400 ft, 600-1,400 ft,
and 600-2,000 ft at the l-year, lO-year, and 2}-year
intervals, respectively. The shapes ofthe zones of
transport were elongated with the pathlines
paralleling regional ground-water flow lines in the
direction of the Pegg Road and Bank Square area
(fie.a).

Piney Point-Nanj emoy Aquifer

In the Piney Point-Nanjemoy aquifer, zones of
transport were delineated for nine MetCom wells
(figs.26,27, 32, and 33) and five PNATC wells
(figs. 29-31). The largest withdrawals were derived
from MetCom's wells located at Great Mills (fig.
26), Hills MIIP (fig. 20),and,Town Creek#6A (figs.
32 and 33) and from PNATC's well located at
building #532 (fie.29). These wells were simulated
at pumpage rates ranging from about 128,000 gpd to
182,000 gpd. Individually, the wells created local
cones of depression, and when combined, they
created a larger cone of depression ce,ntered in the
Lexington Park area. Particle pathiines for these
wells spread out radially and at the 20-year period
extended to distances of 1,500 to 1,800 ft from each
pumping well. The remaining production wells
screened in the Piney Point-Nanjemoy aquifer
pumped grormd-water at significantly lower rates.
Their zones of transport were smaller in diameter,
influenced by regional ground-water flow, and
elongated in the up-gradient direction ofthe regional
flow lines (fig. 5). At the 2}-year period , particle
pathlines for these wells extended approximately
500 to 1,000 ft upgradient along the regional
ground-water flow lines.
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Town Creek, Hickory Hills, and Greenview Knolls

In the Town Creek area, MetCom operated
public water-supply wells at Town Creek (TC #3

and #6A), Hickory Hills, and Greenview Knolls (GK
#I and #2) (figs. 32 and 33). The simulated
apportioned GAP annual average rates were 17,623
gpd, and 182,377 gpd, respectively, for Town Creek
#3 and #6A; 10,521 gpd for Hickory Hills (reported
as part of the Lexington Park system); and 3,000 gpd
and i7,000 gpd, respectively for Greenview Knolls
(#1 and #2). \"he maximum distance from the well
of the zones of transport for TC #3 measures
approximately 400 ft, 650 ft, and 900 ft at the 1-
year, l0-year, and 2D-year intervals, respectively
(fig.32). The maximum distance from the well of
zones of transport for TC #6A measured about 500
ft, 1,400 ft, and 1,800 ft at the l-year,l0-year and
2}-year intervals, respectively (figs. 32, 33). The
shape of the zone of transport for TC #6A was
concentric with pathlines radiating outward in all
directions. At the 20-year interval, some well
interference exists between TC #6A and Hickory
Hills. At Hickory Hills, the maximum distance from
the well of the zones of transport measured 600 ft,
700 ft, and 1,000 ft at the l-year, l0-year, and 20-
year intervals, respectively (figs. 32, 33). Particle
pathlines were somewhat elongated due to its
proximity to TC #64.. At Greenview Knolls #1, the
maximum radius of the zones of transport measured
about 200 ft, 400 ft, and 500 ft at the l-year, 10-
year, and 2$-year intervals, respectively (fig. 33).
Elongated pathlines in a northwest and southeast
direction indicate that particle travel is influenced by
pumpage at Greenview Knolls #2. At Greenview
Knolls #2, the maximum radius of the zones of
transport measured 400 ft, 550 ft, and 700 ft at the 1-
year, l0-year, and 2O-year intervals, respectively
(fig. 33). Despite the relatively low pumpage rate,
the concenhic shape of the pathlines may have been
caused by an induced ground-water divide located
between TC #64. and the pumpage at Great Mills
and Hills MHP.

Great Mills and Hills Mobile Home Park

Apportioned GAP annual average rates for
MetCom wells located at Hills MIIP and Great

Mills (fig. 26) were 150,000 gpd and 150,810 gpd,
respectively (reported as part of the Lexington Park
system). The maximum distance from the well of
the zones of fransport measured about 600 ft., 1,250
ft, and 1,800 ft for Great Mills and about 550 ft,
1,000 ft, and 1,650 ft for Hills MHP at the l-year,
l0-year, and 20-year intervals, respectively. The
shape of the zones were roughly concentric mi:ror-
images, indicating well interference. The combined
pumpage of these two wells influenced grourd-water
flow lines in the Lexington Park area and their
combined 20-yeat zones of fransport coveredanarea
measuring approximately 5,000 ft in the north-south
direction and 3,000 ft in the east-west direction.

Fox Meadow

At the intersection of Hermanville Road and
Route 5, MetCom operates wells at Fox Meadow
(FM #1 and#2) (n9.27). Since these wells are co-
located and operate with alternating on/off cycles,
they were simulated as one withdrawal. The
simulated GAP annual average rate was 7,100 gpd.
The maximum distance from the well of the zones of
transport measured about 400 ft, 500 ft, and 600 ft
for both wells at the l-year, l0-year, and 2O-year
intervals, respectiveiy. Shapes of the zones of
transport were slightly elongated and primarily
iaptured ambient ground-water fl ow.

Patuxent Naval Air Test Center

At PNATC, the U. S. NavY oPerates five
production wells (buildings #532, #536, #596,
#1633, and #2100) screened in the Piney Point-

Nanjemoy aquifer (figs. 29-31). These wells were

simulated at apportioned GAP annual average rates

of 127,684 gpd, 1,514 gpd,7,929 gpd,2,070 gpd,

and 802 gpd, respectively. The well at building
#532had the highest pumpage rate and its zones of
transport were concentric in shape. The maximum

radius of the zones of fransport for well #532

measured about 500 ft,1,200 ft, and 1,500 ft (fig'
29). The remaining wells had much lower pumpage

rates and the maximum distance from the wells of

25



their zones of transport measured approxirvltely 200
ft, 400ft, and 600 ft(figs.29-31). The shapes of

these zones of transport were elongated in the
direction of the regional ground-water flow lines.
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Maps showing particle pathlines
and delineation of l-year, l0-year,
and 2O-year zones of transport for
Aquia and Piney Point-Nanjemoy
production wells are shown on
pages 27-54 (figs. 6 to 33).

Text continued on page 55.
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Figure 6. Particle pathlines and delineation of 1-year, 1o-year, and 2}-year zones of
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Figure 8. Particle pathlines and delineation of 1-year, 1O-year, and 20-year zones of
transport for Aquia production well at Hearts Desire Subdivision.
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Figure 9. Particle pathlines and delineation of l-year, lg-year, and 20-yearzones of
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Figure 10. Particle pathlines and delineation of 1-year, 10-year, and 2O-yearzones
of transport for Aquia production wetls at King-Kennedy Estates (KK#1
and KK#2R).
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Figure 13. Particle pathlines and delineation of 1-year, 1O-year, and 2O-year zones
of transport for Aquia production wells at Holland Forest (HF#1 and#2),
Gity of Leonardtown (LT#2 and LT#3), and Tekstar lndustries.
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Figure 15. Particle pathlines and delineation of 1-year, 1O-year, and 20-yearzones
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(WR#1 and#2).

36



Base ftom Maryland State High'rvay Administration
DigitalGrid Map 1 :24,000

G
o Z,OOO FEET

o.s MILE

NOnlE
SCALE

MTTMT-TIiIMT-IIIIITM
o

a
>.z

C)
Fm
mz{
v,

TD

'<

r

Court

Dv

Oakley

Cobrums Wharf

G

MP#1 and#2
Ted Dr. in one node

Mount
Pleasant

o

EXPLANATION
Zone of transport based on endpoints of particle pathlines
backtracked from production wells pumping the annual average
g rou nd-water approp ri atio n pe rmit withd rawal rates aft er:
1 year, 10 years, and20 years.
St. Mary's County Metropolitan Commission well

Figure l6."Particle pathlines and delineation of 1-year, 10-year, and 20-yearzones
of transfort forAquia production wells at Sainictements Shores and
Mount Pleasant (MP#1 and #2).

37



-lfil
F1

I
Fl
Il

Fl
l' l

PIl'r

I'r
7l
F-r' I

*l
ll I

FI
l: I

Fll- r

Fl
l" l

;:i
11 I

FIlr. r

'*Il: I

rt!
rt!
:_tlr; t*t
l, I

--tLr I

,.. I
ll" I

-.,1h,. I

"" I
t-r t

:l
l-,1, a

:"1

Ii:I
L-r, .

*llr, a-I
f:.LI
f;J:I
Ln- tLI

Figure 17. Particle pathlines and delineation of l-year, 1O-year, and 20-year zones
of transport forAqgla production welts at Breton Bay Estates at Mead-
ow Drive (BBMD#1R) and Maryland Rock tndustries plant.

Base from Maryland State HighwayAdminiskation
Digital Grid Map 1 :24,000

^NOnIS
SCALE

o

o

z,ooo FEET

o.s MILE

St. Clemenb

Jb

BBMD#1R

\
O

South

Breton
Bay

o

Rock
Plant

\ Point

gF'{

/.

Paw Paw
Hollow

o

EXPLANATION
Zone of transport based on endpoints of particle pathlines
backtracked from production wells pumping the annual average
g rou n d-water appropriation permit withd rawal rates after:
1 year, 10 years, and 20 years.
St. Ma4/s County Metropolitan Commission well

38



-

F

Bushwood
Boftling
Plant

Ted Dr.

Bane{ee Ct

Gilberb La.

o

Wharf

M#1and#2
in one node

NOTXN

SCALEo 2,ooo FEET
IIITMT-TINTMT-TIITTM
o s.s M|LE

from Maryland State HighwayAdminisbation
DigitalGdd Map 1 :24,000

G

Bushwood

Milestown

EXPLANATION
Zone of transport based on endpoints of particle pathlines
backtracked from production wells pumping the annual average
grou nd-water appropriation perm it withd rawal rates after:
1 year, 10 years, and 20 years.

Figure 18. Particle pathlines and delineation of l-year, 1O-year, and 20-yearzones of
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Figure 23. Parlicle pathlines and delineation of 1-year, 1O-year, and 2g-year zones
of transpol! for Aquia production wells at Laurel Glen, Town Greek (TC
#68), and Esperanza Farms.
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Figure 24. Parlicle pathlines and delineation of 1-year, 1O-year, and 2o-year zones
of transport forAquia production wetls at Laurel Glen, Town Greek (TG
#68), san souci, Greenview Knolls (GK #3), and rubman Douglas.
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Figure 25. Parlicle pathlines and delineation of 1-year, 10-year, and 20-yearzones
of transport forAquia production wells at Pegg Road, Bank Square,
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Figure 26. Particle pathlines and delineation of 1-year, 10-year, and 20-year zone;^gf
transport forAquia production wetls aiHunting Quarters (HO #1 ""qn.and Piney Point-Nanjemoy (PPN) production wells at Great Mills and Hllls
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Figure 27 . Particle pathlines and delineation of 1-year, 1O-year, and 2O-year zones
of transport for Aquia production wells at Greenbriar #2, Southgate
Genter Townhouses and Piney Point-Nanjemoy production well at Fox
Meadow (FM #1 and #21-
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Two local ground-water flow models in St.

Mary's County, the Western area model and the

Lexington Park area model, were developed from an

existing southem Maryland regional model (Achmad

and Hansen, L997;2001). The local models updated

well locations and used a finer grid for pumping
cells (400 ft x 400 ft and 264 ft x 264 ft,
respectively). The models were used for the

simulafion of particle pathlines to determine zones

of transport and delineate well-head protection areas

for production welis pumped at the annual average

GAP withdrawal rates from the Aquia and Piney
Point-Nanjemoy aquifers. As derivatives of the
larger regional model, the local models were verified
by comparison of water levels with the regional
model simulating steady-state flow conditions. The
slope of the regression lines matching water levels
ranged from 1.16 (Westem area model) to 0.91
(Lexington Park area model) with mean absolute
errors of 8.7 ft to 12.4 ft., respectively.

Because the annual average GAP withdrawal
rates for year 2000 used in the simulation differ from
the reported pumpage for year 2000, the simuiated
water levels do not depict the reported water levels
for year 2000. h the Western area model, major
withdrawals in the Aquia aquifer with significant
GAP pumpage (greater than 100,000 gpd) are

located at Leonardtown and Counfiry Lakes. The
Leonardtown well field is located in the area of the
Western model most affected by the large pumpage
in the vicinity of Lexington Park. It was simulated at
an annual average withdrawal rate of 525,000 gpd.

This withdrawal caused water levels to deepen near
the center of the cone of depression in the
Leonardtown area to approximately 115 ft below
msl. The Country Lakes-Beverly Estates well field
was simulated at a GAP annual average withdrawal
rate of 140,000 gpd. Simulated water levels in this
area were approximately 50 ft below msl. Simulated
Aquia water levels in the vicinity of pumping wells
with lower GAP pumpage rates ranged from 40 ft
below msl at Charlotte Hall to approximately 85 ft
below msl at Holland Forest.

In the Lexington Park area model the simulated
potentiometric surface of the Aquia aquifer showed
a cone of depression of approximately 172 ft below
msl near the intersection of Pegg Road and Route
235, and 159 ft below msl near Bank Square. The
combined GAP annual average withdrawal rate at

Pegg Road, Bank Square, Colony Square, and

Essex Drive is 922,851 gpd. h adjacent Calvert
County a cone of depression of approximately 155 ft

below msl formed in the Solomons Island-
Chesapeake Ranch Estates area, with a combined
GAP annual average withdrawal rate of 900,000
gpd. These two cones merged to create a regional
cone of depression that influenced the direction of
growrd-water flow toward the Lexington Park area.

In the Lexington Park area model, the simulated
potentiomefic surface for the Piney Point-Nanjemoy
aquifer showed a cone of depression of
approximately T47 ft below msl near Great Mills.
The cone of depression resulted Aom significant
GAP armual average withdrawals from MetCom
wells located at Great Mills (150,810 gpd), Hills
MIIP (150,000 gpd), and Town Creek #6A(182,377
gpd), and from the PNATC's well located at
building #532 (127,684 gpd).

Zones of transport for 88 Aquia wells, 13

exceeding 100,000 gpd, were simulated:
At McKays Plaza-Charlotte Hall, Laurel Ridge,

Rolling Acres, and Hearts Desire, the 1-, 10-, and
2O-year zones oftransport ranged in radial distance
from about 450 ft.,600 ft, and 850 ft at McKays
Plaza-Charlotte Hall (GAP annual average of 57,200
gpd) to about 600 ft, 800 ft, and 1,200 ft at Rolling
Acres (GAP annual average of 59,200 pd).

At Wicomico Shores, Country Lakes,
Persimmon Hills, Birch Manor, and King- Keruredy
Estates, the 1-, l0-, and 2O-year zones of tansport
in radial distance ranged from about 450 ft, 600 ft,
and 800 ft at Persimmon Hills Subdivision (GAP
annual average of39,700 gpd) to about 550 ft, 1,050

ft, and 1,600 ft at Cotnty Lakes (GAP annual
average of 240,000 gpd).

At Holland Forest, Saint Clements Shores,

Breton Bay, Mulberry South, and Wilderness Run,

the 1-, 10-, and 2}-year zones of transport at their
maximum distance from the wells ranged from about

400 ft, 700 ft, and 1,050 ft at Mulberry South (GAP

annual average of 5,700 gpd) to about 700 ft, 1,000

ft, and 1,400 ft at Breton Bay (GAP annual average

of 85,000 gpd ).
At Leonardtown, Vocational Technical Center,

Maryland Rock Industries Plant, Telstar Industries,

Mount Pleasant, Bushwood Bottling Company,

South Star Sand and Gravel Mine, and Chopticon

High School, the 1-, 10-, and 2}'year zones of
transport measured radially from the well ranged

frorn about 500 ft, 600 ft, and 900 ft at Mount

Pleasant (GAP annual average of 13,000 gpd ) to
about 600 ft, !,200 ft, and 2200 ft at Leonardtown

(GAP annual average of '525,000 gpd for four

production wells).

SUMMARY
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At Fenwick Manor (annual average pumpage is
25,000 gpd) and Hollywood (GAP annual average of
7,500 gpd), the 1-, l0-, and Z0-year zones of
transport of both extend radially approximately 400
ft, 500 ft, and 700 ft; the Hollywood zones are,
however, n€urow and elongated.

At Saint Mary's Industrial Park (GAP annual
average of 34,000 gpd) and Wildewood Subdivision
(GAP annual average of 350,000 gpd), the 1-, 10-,
and 20-year zones of transport extend radially from
the well approximately 600 ft, 850 ft, and 1,100 ft
and 600 ft, 1,200 ft, and 1,600 ft, respectively.

At Esperanza Farms, Town Creek, Laurel Glen,
San Souci, Greenview Knolls, and Tubman Douglas,
the 1-, 10-, and 2}-year zones of transport extend
radially for distances ranging from about 400 ft, 800
ft, and 1,300 ft at Tubman Douglas (GAP annual
average of 50,000 grd) to about 500 ft, 1,000 ft, and
1,400 ft at Greenview Knolls (GAP annual average
rates of 80,000 gpd).

In the immediate vicinity of Lexington Park at
Pegg Road (apportioned GAP arurual average of
450,675 gpd), Bank Square (apportioned GAP
annual average of 225,065 gpd), Willows Road
(apportioned GAP annual average of 96,239 gpd),
Colony Square (apportioned GAP annual average of
114,768 gpd), and Essex Drive (apportioned GAP
annual average of 132,343 gpd), the l-year, lO-year,
and 2}-year zones of transport extend radially
approximately 700 ft, 1,600 ft, and 2,350 ft. at Pegg
Road and 550 ft, 1,500 ft, and 2,300 ft at Essex
Drive, Colony Square and Willows Road. The
combined withdrawals totaled approximately 1.019
MgaVd, which constituted the highest pumpage rate
in the Aquia aquifer by MetCom. The withdrawal
created a composite Z0-year zone of transport
measuring 6,000 ft across in an east-west direction
and 5,000 ft across in a north-south direction.

At Hunting Quarters, Greenbriar, Southgate, and
Cedar Cove, the l-, l0-, and 2}-year zones of
transport measured radially ranged from about 450
ft, 900 ft, and 1,600 ft at Greenbriar #2 (apportioned
GAP arurual average of 26,500 gpd) to about 500 ft,

I,200 ft, and 1,800 ft at Cedar Cove #1 (apportioned
GAP annual average of 73,262 gpd).

At PNATC, the two largest 1-, 10-, and 20-year
zones of transport measured radially ranged from
about 550 ft, 1,300 ft, and 1,900 ft at building #529
(apportioned GAP annual average of 148,356 gpd)
to about 500 ft, i,000 ft, and 1,500 ft at building
#590 (apportioned GAP annual average of 102,619

spd).
Zones of transport were delineated for nine

Piney Point-Nanjemoy wells operated by MetCom
and five Piney Point-Nanjemoy welis operated by
PNATC.

In the Town Creek area, the l-year, lO-year, and
20-year zones of transport at TC #3 (apportioned
annual average GAP withdrawals of 17,623 gpd)
measured approximately 400 ft, 650 ft, and 900 ft,
respectively. The l-year, lO-year, and 20-year zones
oftransport at TC #6,4' (apportioned annual average
GAP withdrawal of 182,377 gpd) measured
approximately 500 ft, 1,400 ft, and 1,800 ft.,

respectively.
At Hills MHP and Great Mills (GAP annual

average withdrawais of 150,000 gpd and 150,810
gpd) the l-year, i0-year, and 20-year zones of
transport measured about 600 ft, 1,250 ft, and 1,800
ft and 550 ft, 1,000 ft, and 1,650 ft, respectively.

At Fox Meadow (GAP annual average of 7,100
gpd) the l-year, l0-year, and 2O-year zones of
transport measured about 400 ft, 500 ft, and 600 ft,
respectively. Shapes of the zones of transport were
elongated and primarily captured ambient ground-
water flow.

At PNATC, the Piney Point-Nanjemoy wells at
buildings #532, #536, #596, #1633, and #2100
simulated apportioned GAP annual average rates of
127,684 gpd,1,,514 gpd,7,929 gpd,2,070 gpd, and
802 gpd. For the l-year, lO-year, and 20-year zones
of tansport, the well at building #532 measured
radially at approximately 500 ft, L,200 ft, and 1,500
ft, and the remaining lower pumpage wells extended
at their maximum measured approximately 200 ft.,

400 ft, and 600 ft from the well.
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Appendix A. Selected well records (updated from Achmad and Hansen, 1997, app. A)

[Depths suted in feet (ft) bclow lmd suface; *, water level above lad sutface datum (ls{; M, mecured; (R), replacemmt well; -, data not auilable; gpm, gallons per minute;
gpm/fq gallons per minute pcr foot]
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xt

s

wdl
nmber

State
pemit
nmber

Ovner Driller

Approx-
imate

altitude
of lud
suface
surface

(ft)

Date well
reported

completed

D"pth
Hole
(ft)

D+th
well
(ft)

Dimeta
of well
5Gm

(inches)

cADb 21 cA-00-9750 Calven Mmorizl Hospital Wrohington Pmp & Well Co. 130 0+29-52 540 540 5.5

cADb 26 cA4+2924 Calven Middle School Shnnahm Anesim Well Co. 150 06-15-61 581 576 5

cADb 41 cA-69-0164 Calven Comty Comissiones Shmaha Anesim Well Co. 151.3 72-02-69 595 588 4

cADb 44 cA-734631 Ca.lvm Comty Comissiones Shmnaho Anesim Well Co. 140 o9-o1-74 589 589 5

cA Db 45 cA-70{097 Calvert Couty Boud of Education,
Calvert High School & Creer
Center

Shamahm Artesim Well Co. 140 0+30-70 572 572 4

CADb 46 cN-l3-2879 Calvert Comty Comissionea,
Calvert Mmorial Hosoital

C.Z. Entetprisa, Inc. 1Q 77-75-79 617 540 6

cADb 64 cA-13-2670 Calvec Couty Comissioam Calven Well Dolling Co. 150 05-20-78 551 542 4

cADb 88 cA-8&1903 Calvert Comty Comissionm C.Z. Enterprises, Inc. 60 05-16-91 560 549 4

CAFd 1 None U.S. Naqr Patumt Naval Air
Test Cmter, Solomons Amex

Wrohington Pup & Well Co. 27 7942 500 500

cAFd 38 c&4+4n Chesapeake Rmch Water Co. PatumtPmp &Well, Inc. 85 09-72-6r 355 J55

cAFd 39 CA4H76 Chesapeake Raach Wattr Co. Panrrent Pmp & Well, Inc. 105.1 03-2+62 626 626 5.25

cAFd 68 cA-81-1193 Calvert Couty Comissiones Sydnor Hydrodynmics, Inc. m.4 0G14-85 64 62n 12

cAFd 69 cA-81-1194 Calvec Comty Comissionm Sydnor Hydrodlnmics, Inc. 27 0143-85 618 546 12

cAFd 70 cA-81-1754 Chesapeake Rmch Water Co. Sydnor Hydrodlnmics, Inc. 108.5 t7-25-85 660 64 8

cAFd 86 cA-8&33,m Chesapeake Rach Water Co. AC. Schultes of Marylad,
Inc.

110 0G21-93 687 687 8

CA Fe 18 cA-0+6865 Chesapeake Rmch Water Co. Patuot Pmp & Well, Inc. 120.2 0G22-62 657 657 5.?5

CA Fe 19 cA-7344/0 ColmbialNG Cory. Iayne-Adutic Co. 113.4 1Q-77,74 829 700 8

CAFe 20 cA-13-0439 ColmbialNG Cory. Iayne-Adotic Co. 114.5 70-77-74 752 703 8

CAFe 21 cA-734082 ColmbiaLNG Corp. Shmahm Artesim Well Co. r29.0 11-29-72 664 658 4

CAFe 30 cA-8V0667 Chesapeale Roch Water Co. Sydnor Hydrodynmics, Inc. 118.8 07-26-89 717 688 I

CHCe 51 cH-81-0828 I: Plata, Town of Layne-Adutic Co. 150 77-02-84 1,509 1,340 t/
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Screo
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Rmrk Well
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(ft)

Date
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Daw down

(ft)

Spaific
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526-540 Aq"i. 135 0+29-52 75 75 1.0 72 cADb 21

533-570 Aquia 733 06-15-61 75 75 1.0 4 CADb 26

560-588 Aquia 147 t2-o2,69 33 35 0.9 8 Czlwrt Village OmeCs
well #1.

cADb 41

532-589 Aquia 761 Q9-03-74 82 50 l.o 8 Calvcrt Village. Owner's
well #2

cA Db 44

533-572 Aq*" 740 0+30-70 32 30 1.1 8 cA Db 45

500-540 Aquia 148 71-15-79 254 144 1.8 72 Gavel pack 400-5,1O fr CA Db 46

s72-t42 Aquia 150 Q5-20-78 I 42 1.0 I Woo&idge. cA Db 64

509-549 Aq*" 177 05-16-91 7E 66 1.9 B6tov
42n-549

Jail. Gnvel pack
TL

cADb 88

477-500 Aq"i. 10 7942 725 151 0.8 Nalzl Recreation Cmter,
Fometly Mine Wufre
Test Station well #1.

CAFd 1

325-355 Piney Point-
Nmimov

101 09-72-67 100 89 1.1 Chesapeake Rnch Estates.

Ovner's wdl #1.
cAFd 38

59G626 Aquia 95 03-2+62 725 105 1.2 8 Chcapeahe Rach Estates.
C)sner's vell #3-

cA Fd 39

542-574
580-618

Aqui. 126 06-12-85 503 202 z5 26 Solomons. Osneds well
#1. Gavel oack 38,t-620 fc

cAFd 68

452460
466-$4
572-536

Aquia 62 l2-2G84 503 209 L4 24 Solomons. Owneds well
#2 Gnvel pack 300-555 ft-

cAFd 69

580-640 Aq"i" 149 11-05-85 460 151 3.0 24 Chesapeake Rmch Estates.

Owner's well #24 Gavel
oack 500-650 ft.

cAFd 70

60+684 Aquia 189 06-27-93 351 159 L21 24 Aquia production well- Test
wdl wr CA Fd 71.

cA Fd 86

6n-657 Aquia 128 o6-22-62 100 160 0.6 72 CA Fe 18

580-700 Aquia 139.5 70-77-74 351 112 3.1 48 Owaer's well #3. Gmvel
oack 470-700 ft-

CA Fe 19

593-703 Aquia 134.2 70-77-74 351 139.4 z5 8 Ovner's well #2 Gavel
oack 595-703 ft

CA Fe 20

648-658 Aquia 146 17-29-72 9 54 o.2 10 Ownet's well #1. CA Fe 21

578-678 Aq"i. 177 07-26-89 400 120 3.3 27 Ovner's well #38- Gnvel
oack 500-706 fL -

CA Fe 30

1250-1340 Ipwer
PataPsco

tt.0.2-a4 450 188 2.4 24 Owner's well #9.
Production well at Cluk's
Ru.

CH Ce 51
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Well
nmber

State
pemit
nmber

Osner Driller

Approx-
imate

dtitude
of lnd
sufrce
surfrce

(ft)

Date well
reported

completed

D.pth
Hole
(ft)

Depth
well
(ft)

Diucte(
of well

sc!e4

fnches)

SMAb 6 sM-81 Wmvotdr Nusery. Inq Patumt Pmp & Well, Inc. 180 08-05-83 540 5,10 2

SMAb 7 sM-81-3899 Wmtworth Nusery, Inc. Calvea Well Dnlling Co. 180 0t-2+89 540 530 2

SMAb 8 sM-81-2529 Wmtwonh Nusery, Inc Calvert Wdl Do'lling Cr. 180 11-11-87 275 n5

SMAb 9 sM-81{084 Sr Mary's Comty Metropolitan
Comission

J.J. Payne & Sons, Inc 160 10-29-82 535 535 2

SMBb 26 sM-81-0091 Chadone Hall Vetems Home Shmahm Acesim Well Co. t70 05-20-83 559 559 5

SMBb 27 sM-81-0295 Charlone Hall Vcteas Home Edt Cost Well & Pup,Inc. 165 10-12-85 1,001.5

sMBb 28 sM-81-1042 Chulotte Hdl Vetems Home Eut Coct Well & Pump, Inc. 160 05-20-85 1002 601 5

sMBb 29 sM-884632 Sr Maryt Couty Metropolim
Comission

Watson &Johnson Well
Dtillins. hc.

170 0725-90 505 505 4

sMBb 30 sM-88-1932 Sg Mary's Couty Metropolito
Comission

Woosta Dn'lling Co- 160 11-27-94 572 572 4

SMBc 30 sM-73-2502 Sc Mary's Comty Metropolita
Comission

RobertM. katherbury 125 08-1G78 560 560 4

SMBC 32 sM-88-0467 St Mary's Couty Metropolita
Comission

Wooster Dolling Co. 138 07-0G90 610 610 4

SMBc 33 sM-884012 Sr Mary's Couty Metropolita
Comission

Bmhm Contactors, Inc 160 05-30-90 560 560 4

SMBc 34 sM-81-1243 Sr Mary's Couty Metropolitur
Comission

Bahm Contactos, Inc 160 07-18-86 597 542 4

SM Bc 35 sM-9€716 Sr Mury\ Cowty Metropolitm
Comission

,{C. Schultes & Sons, Iac lm 0G2V97 480 465 6

SMBc 36 sM-8&1131 Se Mary's Comty Metropolitan
Combsion

Watson &Johnon Wdl
Dollins. Inc

130 03-2+93 5s5 55s 4

SMCa 5 sM-73-O+38 Wicomico Shoes Yacht & Comry
Club

Sydnor Hydrodynmics, Ine 140 07-23-73 908 650 6

SMCa 9 sM-88-1167 Se Mary's Couty Rectetion &
Park Depatrnent

Watson &Johnson Well
Dolling Inc-

25 0G19-91 335 JJ) 2

SMCa 10 sM-93-0818 Sr Marys Comty Meaopolitan
Comission

Sydnor Hydrodynmics, Inc. r45 07-79-96 770 687 8

sMcb 18 sM-73-1874 Sc Mary s Cowty MetoPolita
Comission

Robert l"l katherbury 75 0G01-76 380 380
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Specific
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Duntion
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510-540 Aeia 180 0&05-83 4IJ 47 0.9 4 SMAb 6

520-530 Aq"i" 195 01-2+89 55 45 1.2 7 SMAb 7

265-275 Nmimy 62 1i-11-87 30 29 1.0 5 SMAb 8

510-535 Aqui" 167 70-29-82 30 2i 1.3 6 McKays Plaza SMAb 9

435-559 Aqoi" ttL 05-20-83 24 79 3.0 24 Osner's wdl #l sM Bb 26

Hole abndoned md
pluged,

sM Bb 27

47+596 Aquia 185 05-20-85 320 168 1.9 24 Omer's wdl #2 sMBb 28

475-505 Aquia 160 07-25-90 770 30 5.67 4 Chadotte Hall 1. Ownet's
well #1.

sMBb 29

446-466
4qo-q4n

Aqda 194 t7-27-94 187 99 1.89 24 Chadotte Hall2 Oqne/s
vell #1.

SMBb 30

540-560 Aquia t46 08-10-78 80 62 1-3 72 Rollhg Acres. OvneCs well
#1.

SMBc 30

472492
50+524
530-580

Aquia 189 07-06-90 r56 100 1.6 24 ?esimon Hills
Subdivision. Gnvel pack
463-670 fL

SMBc 32

508-540
540-560

Aqui" 775 05-30-90 100 85 1.2 m Iaurcl Ridge Subdivisioa.
Ovne/s wdl #2 Gavel
oack 490-560 fc

SM Bc 33

502-542 Aquia 168 07-18-86 100 67 1.5 24 Iaual Ridge Subdivisioa.
Omet's well #1. Originatly
dn:lled c a test vdl. Gevel
otk 49G'55O ft

SM Bc 34

4?.5465 Aqui" Rolling Acres. Orrner's wdl
#zReplacedSMBc 31

which wu detroyed eady

7997.

SMBc 35

515-555 Aquio 165 o3-2+93 165 63 262 12 Hearts Dsire Subdivision SM Bc 36

578-588
608-628
63G642
64G650

Upper
Patapsco

734
143.56M

o7-23-13
08-29-78

200 45 4.4 Gnvel pack 100-655 ft- SMCa 5

321-135 ACui" 35 06-19-97 29 79 1.5 4 Wicomico Shores Golf
Cowe. Gnvelpack305-
335 fL

SMCa 9

579-594
63L637
667483

Upper
Patapsco

189 07-19-96 235 737 1.72 24 SMCa 10

350-380 Aqu" 55
57.9

06-07-76
0+73-79

100 115 0.9 35 Coutry
Owner's

Lahes Subdinsion'
wdl #1B.

sMCb 18
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Well
nmber

State
pemit
nmbet

Ovner Driller

Apptox-
imate

altitude
of lod
surface
surface

(ft)

Date vell
rcpoaed

completed

D.pth
hole
(ft)

D.pth
well
(ft)

Dimeter
of well
sc!ffi

(nches)

sM cb 19 sM-73-1873 Sc Mary's Couty Mettopolitan
Comission

Robert M I:atherbury 80 06_07-76 380 380 4

sMcb 29 sM-8&0167 Sc Muy's Cowty Metropolitan
Comission

Wooster Dn)ling Co. 58 o7-27-90 531 531 4

sMcb 30 sM-81-0484 Sc Mary's Couty Metropolirm
Colrmissioo

Watson &Johnson Well
Da'llhs- Inc.

165 03-20-85 515 515 4

SMCc 15 sM-73-1431 Sr Mary's Cowty Metropolitan
Comission

Patuot Plmp & Wdl, Inc. 155 07-22-75 545 545 5

SMCc 16 sM-73-1959 St Mary's Couty Metropolitan
Comission

Patuxmt Pmp & Well, Inc- 155 0243-77 555 555 3

SM Cc 18 sM-71{064 Sc Mary's Couty Metopolitan
Comission

PatuxotPmp &Wdl, Inc- 142 08-?a-70 42 482 2

SMCc 19 sM-7'0699 Sc Mary's Couty Metropolitzn
Comission

Patuxmt Pmp & Well, Inc. 130 05-02-74 560 560

SMCc 27 sM-92-O571 St Mary's Couty Metropolitan
Comission

Patumt Plmp & Wdl, Inc. 735 08-19-94 495 495 2

SMCc 30 sM-9,r1371 St Mar/s Public Schools,
Chooticon Hish School

Sydnor Hydrodynmics, Inc. 0447-98 476 450 8

SMCe 34 sM-73-1926 Sc Maty's Comty Metropolita
Comission

Paturmt Plmp & Well, Inc. 7m 0G77-76 615 595 4

SMCe 38 sM-73-2030 Intemat'l Assn- of Mrchinists Patuxot Pmp & Well, Inc. 15.9 0&10-76 470 470 )

SMCe 43 sM-88-2161 Sr Mary's Cowty Metropolitan
Comission

Wasor &Johrson Well
Dalling, Inc.

71-23-92 595 595 4

SMCe 45 sM-934043 Sr Maty's Couty Metropolitu
Comission

Patumt Pwp & Well, Inc. 720 70-25-94 6m 617 I

SM Dc 58 sM-69-0338 Sr Mary's Couty Metlopolitat
Comission

Shunahm Artsim Well Co. 73.5 09-16-69 410 398 6

SM Dc 59 sM-72-0199 Mt Plruut Water Co. J-J- Payne & Sons, Inc. q.9 05-17-72 3q 3q 2

SM Dc 60 sM-724200 Mt Plesat Water Co. J. J. Payne & Sons, Inc. 50 06-15-72 3q 3Q )

SM Dc 62 sM-92{537 St Mary's Couty Metropolitan
Comission

AC Schultes & Sons, Inc. 33 06-10.94 530 475 8

SM Dc South Star Linited Partreahip,
smd od s?avel mines

SM Dd 30 sM-05-7480 Comissionea of konardtown Patuxmt Pmp & Well, Inc. 25 0G09-64 388 388 7.25

sMDd 39 sM-67-0053 Comissiones of konudtom Patrueot Pwp & !7ell, Inc. 107.5 09-03,66 510 510 6

sMDd 41 sM-67-0257 St Mary's Vocational Technica!
Cmtet

ColmbiaPmp&Well Co. 115 0743-67 502 502 I

Appendix A. Selected well records (updated from Achmad and Hansen, 1997, app.AFContinued
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caPacrty
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350-380 Aquia 65 Q6-07-76 155 115 1.4 J) Comtry L&es Subdivision.
Omer's well #1. Not ued
in 2000

sMcb 19

36+394
477481

Aqui. 119 o7-n-90 34 745 z!4 24 Cowtry Lrkes Subdivision.
Ooner's well #3

sMcb 29

475-515 Aquia 178 03-20-85 220 47 4.7 13 Comtry
Omels

Iakes SuMivision-
wdl #2 Cfowq).

sMcb 30

515-545 Aquia 151 07-22-75 50 68 o.7 4 Bitch Mmor Subdivision.
Owner's vell #1.

SM Cc 15

525-555 Aq"i" 154 02-03-77 60 51 7.2 6 Birch Muor Subdivision.
Ovnels vdl #2

SMCc 16

467-482 Aquia 735 0&28-70 40 35 1.1 4 Ipveville Acres- Not ued
in 2000.

SMCc 18

54G560 Aquia 726 05-02-74 100 124 0.8 6 King-Kmedy Estates.
Owner's well #1- Fomedy
omedbvSATAVCom-

SMCc 19

465495 Aquia 175 08-19-94 80 41 z0 3 Kiag-Kmedy Estates.
Orner's wdl #2R. Gavel
orck 455-495 fr

SMCc 27

41t450 Aq"it 162 0+07-98 106 69 1.5 24
Well not inventoried.
Replacmmt for well SM
05-7689.

SM Cc 30

57+595 Aq*" 773 06-17-76 60 87 0.7 6 FmvickMaor- Owns's
vdl #1-

SMCe 34

450.4.70 Aquia t4 08-10-76 44 7t6 0.3 4 Placid Hubor Education
Coter

SMCe 38

555-s95 Aquia 762 11-23-9? 225 r48 7.5 6 Hollywood. Ovnet's well SMCe 43

581-611 Aq"it 180 7U25-94 100 31 3.2 6
Fmvick Mmor. Ovnels
well#2R ReplrceSMCe
35 6M-73-1874.

SMCe 45

347-398 Aquia 24.5 09-76-69 90 60.5 1.5 76 St Clment Shores.
O'vns's well #S3.

SM Dc 58

31G34o Aqi" 42 05-17-72 40 20 z0 4 Osnct's well #1. SM Dc 59

3t6-3& Aquia 42 06-15-72 q 18 t) 4 OwneCs well #2 SMDC 60

3804"t5 Aq"i" 81 06-30-94 350 1q z5 24
Breton Bay Estates. Society
Hill Road-Meadow Dtive-
Crsner's sell #1R.

SM Dc 62

Aquia Well not invmtoded. SMDc

358-388 Aq"ia G) 25 06-09-64 250 93 z7 8 O*nels vell #1 SM Dd 30

480-510 Aquia t2Q 09-03-66 300 100 3.O 12 Ower's vell #2 Gavel
pack 48G'510 fu

sM Dd 39

485-502 Aquia 727 o7-03-67 70 93 0.8 8 Ovnq's wdl #2. sM Dd 41

65



Appendix A. Selected well records (updated from Achmad and Hansen, 1997,, zpp. AFContinued

i;*.hr

r'
l'.

!:: .

ld.r:

lr.

ll

rr"..

tl

r.
r

f:

8,,
F
F

E

f'

r

r

tl.

fi

!l
,tLr
tr
Lr

L.

t-!
l*.
L..-

t_

r:
L,i'

1..,. "tL

!-r.li

!:,:i

Well
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nmbet

Oqnet Dtiller

Approx-
imate

altinrde
of lmd
suface
surface

(ft)

Date vell
reported

completed

D"pth
Hole
(ft)

D.pth
well
(ft)

Dimeter
ofwdl
scteen

(nches)

SM Dd ,I4 sM-69-0337 Sc Mary's Cowty MetroPolitm
Comission

ShmahmArtesiaWdl Co- JI 10.o8-69 459 459 5

SM Dd 45 sM-73-1756 Sr Mary's Techoical Cota Shmahm Acsim Well Co. 113 03-11-76 540 536 6

sMDd 47 sM-13-2269 Ir{zrylud Rock Indutries Patuxmt Pmp & Wdl, Inc- 10 $-29-n 44 44 4

sM Dd 48 sM-73-2271 Mmlmd Rock Industries Panxmt Pwp & Wdl, Inc. 10 03-18-77 444 44 2

sM Dd 64 sM-01-8951 Teksa Indutries JosephJ. Payne 10 05-07-55 357 357

SMDd 65 sM-81-1397 Comissiones of l:oudtom Sydnor Hydrodynmics, Inc. 107.5 07-3G86 522 5m 8

sM Dd 66 sM-81-3372 Comissioner of I*orudtom Sydnor Hy&odynmics, Inc. 35 08.01-88 549 502 8

SM Dd 69 sM-92-0699 Sr Mads Cowty Metropolitan
Comissioo

Vm's Consmrcdoro
Cpmouv. Inc.

1?5 11-0+94 569 545 6

sM Dd 70 sM-92-0701 Sc Mary's Comty Metropolitatt
Crmission

Vn's Constructions
Compoy,Inc.

1?5 09-06-94 550 545

sMDd 73 sM-81-3893 St Mary's Couty Metropolitan
Comission

J. J. Payne & Sons, Inc. 20 06-13-89 395 395 2

sM Dd 74 sM-81-3894 St Mary's Couty MettoPolitan
Comission

J.J. Payne & Sons, Inc. 20 06-17-89 195 395 )

SM De 36 sM-73-1957 Sr Mary's Cowty Metropolitan
Comission

AC. Schultes & Sons, Inc. 130 06-08-76 643 620 6

SM De 50 sM-81{060 St- Mzry's Cowty Metropolitan
Comission

Patuxot Pmp & Well, Inc. 130 10-05-82 610 585 5

SMDe 51 sM-9+1981 Po*obello Developmerq Inc. AC. Schultes & Sons, Inc. 130 01-08-99 983 960 6

SM Dc 52 sM-g+n02 Portobello Developmmg Inc. AC. Schultes & Sons,Inc. 110 1 1-1 1-99 983 955 6

SM De 53 sM-88-0305 Sc Mary's Couty Metropolim
Comission

Patueot Pmp & Well, Ioc. 140 01-02-90 610 610 4

SM De 55 sM-934272 St Mary's Couty Meropolitan
Comission

Paturmt Pmp & Well, Inc. 720 10-15-95 605 605 5
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37+397
477459

Aquia l0-08-69 110 37 3.0 10 Society Hill. Called Breton
Bay on dolleds pemit
Osmer's well #2 Fomedy
omed by Cherry Cove
Wats Comoav.

sM Dd 44

490-516 Aq"i. 135 0111-76 56 22 26 72 Owne/s wdl #1. sMDd 45

379-399
420-4{0

Aqi. to 03-29-77 720 71 7.7 4 Breton Bay PlarL. sM Dd 47

40+414 Aq"i" 30 o3-18-77 30 30 1.0 3 Bteton Bay Plmr
Obsemtion well.

sM Dd ,r8

Aquia 5 05-07-55 15 27 0.7 5 I:onatdtom Iaudry. sM Dd 64

.145-515 Aquia 149 07-25-86 300 742 zt 24 Osner's well #3.
Grembrier wdl. Gnvel
oack 37G525 fA ft.

SM Dd 65

38+474
412-4.f,2

Aq*" 87 07- -88 460 111 4.1 Omer's vell #4. Gnvel
orck 30G549 ft.

SM Dd 66

450-505

520-545

Aguia 168 11-O+94 100 69 1.45 24 Hollmd Forcsr Osnq's
vdl #1.

SM Dd 69

Aq"i. 772 09-0G94 105 80 7.31 Hollmd Fotst Owner's
wdl #2

sM Dd 70

375-395 Aqui2 62 06-13-89 35 15 L55 5 Mulberry South Ownds
vell #1.

sM Dd 73

375-395 Aqr" 62 06-17-89 30 15 2 6 Mulberry South. Owneds
well #2

sM Dd 74

548-574
59#m

Aquia 167 06-0&76 200 54 3.7 12 WildwoodSubdivision &
Technologr Puli OrneCs
wdl #1. Gavd pack 5,{&
6mfL

SM De 36

560-585 Aq"i" 160 1045-82 100 68 1.5 7 WildwoodSubdivision &
Technology Padr Owaer's
well #2

SM De 50

797-802
812-822
840-855

860-883

890-955

Upp.t
Patapsco

171 10-08-99 42 28 14.36 Fist Colony Dwdopmoc
Patapsco. Ovnels vell
Firt Colony #1.

SMDe 51

782-792
816-831

845-865

882-917
925-955

Upp.t
Patapsco

149 1 1-1 1-99 300 12 Fiat Colony Dwelopnmt
Patapsco. Osnels well
Firt Colony #2

SMDe 52

580-610 Aquia 210 01-o2-90 100 64 7.56 3 Sr Marys Industrial Parh
O'pnet's well #lR

SM De 53

555-605 Aquia 225 10-15-95 300 )6 5.17 8 Iaud Glm Subdivisioo SM De 55
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Well
nlmber

State
pemit
nmber

Owner Dnller

Agprox-

'@tealtitude
of lad
suface
suface

(ft)

Date vell
reported

completed

D"pth
Hole
(ft)

D"pth
well
(f0

Dimter
ofwdl
screm

(nchs)

SM De 56 sM-9+0001 Sr Mary's Cowty Metropolim
Comission

AC Schultes & Sons, Inc 130 09-11-96 703 659 8

SMDf 1 None U.S. Nary Patuent Nanl
Air Test Center

Wrhhgton Pmp & Well Co. 94 1943 587 587 8

SMDf 4 None U.S- Nav;n Patuot Narzl
Air Tst Center

WchingtonPup&Well Co. 80 7944 547 97 7.5

SMDf 6 None U.S. Naqr Panrxot Naval
Air Test Cmter

Wchington Pmp &Well Co. 115 1942 357 357 4

SMDf 8 None U.S. NalT Patumt Nayal
Air Test Cenu

Wrohington Pmp & Well Co. 46 1942 286 282 4

SMDf 9 None U.S. Navy Panxmt Naval
Air Tst Cmter

Wxhington Pmp & Well Co. 47 1943 285 2A5 6

SMDf 10 None U.S. Navp Patumt Naul
Air Tst Center

Wrohington Pmp & Well Co. 46 7943 534 534 6

SMDf 13 None U.S. Navy Patrrxmt Nalzl
Air Test Cate!

Wrohington Pmp & Wdl Co. 20 7944 490 490 6

sMDf 14 None U.S. Navy: Patuxmt Naval
Air Tst Cmter

WahingtooPup &Well Co. 18 t941 262 262 8

sM Df 39 None U.S. Navy Patqmt Nival
Air Test Cater

45 7943 u34

sM Df 42 sM-00-6688 Sr Mary's Couty Metropolitan
Comission

Wchington Pup &Well Co. 86.5 07-2G51 510 570 5.5

SM Df 49 sM-05-5243 Sr Mary's Couty Metropolita
Comission

Panrtmt Pump & Well, Inc. 120 0+78-64 380 380 4.5

sM Df 50 sM-04-5141 Sc Mary's Comty Metropolian
Comission

Patuent Pup & Well, Inc. 105 11-1&61 365 365 5

SM Df 53 sM-o34292 Sr Mary's Couty Metropolitan
Comission

Panrrmt Pmp & Well, Iac. 110 05-1&59 350 350 ((

SMDf @ sM-674256 St Maty's Couty Metropolim
Comission

Shamahu Artesim Well Co. 100 07-75-67 358 358 4

sM Df 61 sM-05-5823 U.S. Navp Patumt Naval
Ait Tet Cmter

Panxot Pmp & Well, Inc. 120 03-03-64 600 600 6

sM Df 62 sM-73-0635 Su Mary's Cowty Metrcpoliran
Comission

Ftederick C. I*hm 704 0247-74 708 630

sM Df 67 sM-o1-0607 St- Maty's Couty Metopolitm
Comission

Wrhington Pmp & Well Co. 5U 72-08-52 n4 n4

sM Df 69 sM-02-2161 Sc Mary's Comty Metropolitan
Comission

Wrhingon Pup & WeU Co. 80 o+03-56 321 321

SM Df 73 sM-73-0768 Sr Mary's Couty Metropolim
Comission

Patuxent Pmp & Well, Inc. 100 0+70-74 620 6m 5

Appendix A. Selected well records (updated from Achmad and Hansen, 1997, app.AFContinued
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Appendix A.-Continued
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Screen
settings

r'fr\

Aquifet

Pmoins test data

Rmls Well
nubs

Depth to
stadc water

level
(ft)

Date
reponed

Yidd
(gp-)

Dnw down
(ft)

Specific
capacity

Gpn/ft)

Duntion
oftest
Oo'4

556-656 Aq"i. 226 09-11-96 306 245 125 24 Mldryood SuMivision &
Technologr Puk Ovnc's
well #3R

SM De 56

567-587 Aquia 723.50 0641-43 225 53 4.2 Owncr's wdl #1A Building SMDf 1

527-547 Aquia 96.30 05- 44 300 752 z0 Unused od rcplaced by
vell SM Df 95.

SMDf 4

347-357 Pinev Point-
Nuimov

125 7942 25 45 0.6 Omels well #1R Building
#536.

SMDf 6

272-282 Piney Point-
Nmimov

.10 7942 25 q 0.6 Ownet's vell #1N{, SMDf 8

270-245 Piney Point-
Nmimoy

33 064743 191 63 3.0 Replrced by SM Df 97. SMDf 9

51+534 Aquia 45 0Go7-43 aa< 98 23 Orrnet's wdl #38. Building
#531.

SM Df 10

470490 Aquit 35 0G20-44 Owner's well #2F. sMDf 13

247-262 Piney Point-
Naimov

35 05-31-43 770 165 1.0 Owods well #1P. Buiding
#532

sM Df 14

Piney Point-
Nuimoy

34.70 09-0G50 Osner's well #1S. Data
incomplete. Buildinp #596.

SM Df 39

55G570 Aqi. 130 07-26-51 210 58 3.6 t2 I*xington P*L Colony
Sqwewdl. O;ginaly
Paturmt Water Cr-'s wdl

SM Df 42

360-380 Piney Poine
Nmimov

726 0+18-64 125 124 1.0 6 Owneds well Tow Creek
#6A.

sMDf 49

35G365 Piney Point-
Nmimov

r20 11-18-61 100 65 1.5 Gwct's wdl Espermza #5. sM Df 50

335-350 Piney Poht-
Naimov

114 05-18-59 75 47 1.8 6 Ovner's well Grmviry
Knolls #1.

sM Df 53

33G358 Piney Point-
Nmiemov

720 07-15-67 44 25 1.8 10 Owns's well Greovis
Knolls #2

SM Df 60

580-600 Aquia 757 03-01-64 200 87 27 24
Owna's wetl #2A@).
Replacmmt for original
well #2A (SM Df 2).
Buildins #524.

sM Df 61

549-63Q Aquia 165 0247-74 328
to

614

131 48 I:xhgooPrk PeggRd.
well Gnvd pack 487-630
fL

sM Df 62

266-274 Piney Point-
Nmimoy

s0 7248-52 55 86 0.6 72 Espemza Owner's well #1. sM Df 67

30u321 Piney Point-
Nmimov

97 0,l-03-56 Q
110

55
113

0.7
1.0

Tom CreekOms's vdl
#3.

sMDf 69

@0-6m Aq"i. 14Q o+1u74 100 95 6 Tubru Douglcs Fstates. SM Df 73

69



Appendix A. Selected well records (updated from Achmad and Hansen, t997, zpp. AFContinued

Well
nwbcr

State
pemit
nmbcr

Ovner Dnllet

Approx-
imate

altiude
of lod
surface
suface

(f0

Date vell
rcpoaed

completed

D?th
Hole
(f0

D"pth
well
(f9

Dimets
of well
scrcs

(nches)

sM Df 76 sM-0t7673 Sr Mary's Couty Meropolita
Comission

PatrumtPmp &Well,Inc. 100 0742-64 602 602 6.5

sM Df 78 sM-01-4838 St Mary's Costy Me&opolitan
Comission

WuhingonPmp&Well Co. 100 10{8-54 600 600 6

SM Df 80 sM-73-0140 St Mary's Comty Metropolitan
Comission

ShamahmAttsimWdl Co. 47.9 t0-ru72 586 565 2

SM Df 86 sM-6M185 Sr Mary's Couty Metropolitan
Comission

Shmahm Atesim Well Co. 7127 04-30-68 611 609 6

sM Df 89 sM-88-1226 Su Mary's Couty Metropolitar
Comission

DelwDolliag 724 07-18-91 700 621 6

sM Df 90 sM-81-2571 Sr Mary's Couty Metopoliru
Comission

Calvet Well Drilling Co. 95 0&07-94 620 600 4

sM Df 91 sM-81-3132 Sc Mary's Cowty Meropoliun
Comission

Calvert Well Dnlling Co- 100 02-23-88 630 610 4

sM Df 92 sM-81-1475 St Maty's Couty Metopolitan
Comission

Watson &Johlson Well
Drilling Inc.

116 07-20-86 585 585 4

SM Df 93 sM-92-0358 U.S. Navy Patqent Narzl
Air Test Center

A.C. Schultc of lr4arylmd,
Inc.

42 0+07-94 632 565 6

SM Df 94 sM-92-0357 U.S. Navp Panrtot Naval
Air Test Cotet

r{C. Schultes of Matylad,
Inc.

100 0+72-94 6?5 610 6

SM Df 95 sM-924369 U.S. Nagn Panumt Naval
Air Test Cmtet

AC. Schultes of Marylad,
Inc.

80 o+2+94 600 580 6

SM Df 96 sM-93{036 U.S. Navir Patumt Naval
Ai Test Center

A.C. Schultes of Marylmd,
Inc.

9 11-10-94 584 539 6

sM Df 97 sM-9+0925 U.S- Navy Patuxmt Nawi
Air Test Cmter

AC. Schultes of lv{arylad,
Inc.

48 1997 568 8,6

sM Df 98 sM-94{410 U.S. Navy Patrumt Naval
Air Test Coter

A.C. Schultes of Marylad,
Inc.

75 7996 575 8.6

sM Df 99 sM-9?4642 Sr Mary's Couty Metropolim
Comission

SM Df 101 sM-81-0050 St Mary's Couty Metrcpolim
Comission

J.J. Payne & Sons, Inc. 115 10-72-82 310 310 2

sM Df 103 U.S. Navy Patuxmt Naul
Ait Tet Cmter

SMDg 2 None U.S. Nagr Patuxent Naval
Air Test Center

Wuhington Pwp & Well Co. 17.3 1943 86 486 1.5

SMDg 3 None U.S. Navp Patuent Naval
Air Test Cente!

lilrohington Pmp & WeU Co. t2 1943 489 489
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Appendix A.-Continued

Screm
setting

(ft)

Aquifer

PmDins test data

Rmads Well
nmbq

Depth to
static vater

level
(ft)

Date
reported

Yield

Gp-)
Daw dosn

(ft)

Specific
epacity
GIrm/ft)

Dmtion
oftest
O"*)

57+602 Aquia 155 o7-02-64 200 47 4.3 kxington PaL Essex
Drive vell-

sM Df 76

570-600 Aquia 155 1048-54 300 153 z0 24 I*xington PuL Willows
Rd vell.

sM Df 78

545-565 Aq"i^ 87 70-10-72 25 2i 1.1 6 Test well. Cedr Cove
Ownels vell #2

sM Df 80

568-609 Aquia 165 0,t30-68 83 29 29 26 kxington Pah Banl
Sqwewdl.

sM Df 86

579-621 Aguia aaa 07-18-91 215 85 z5 Tom Cteeli Owner's vell
#68. Gnvel pck 480-621

ft

SM Df 89

540-600 Aqda 165 08{7-94 150 50 3.0 4 Grmviry Knolls. Ownels
wdl #3. Gavel pack 48&
600 fr

SM Df 90

53G610 Aqit 775 02-23-88 775 un 7.2 24 EspemzFam. Gnvd
pacl ret location
unknom;101 ft. Fomedy
omed bv Robett G, Dem

sM Df 91

545-585 Aquia 130 07-m-86 235 30 7.8 76 Sus Souci Estates.
Fomedy owedbylarry
Mllisoa.

sMDf 92

515-565 Aguia 138 o+o7-94 314 110 z8 8 O*ner's wdl lB(R).
Replaced original well 18
(SM Dfn. Bundhs#529.

SM Df 93

56G610 Aquia 270 0+t2-94 294 50 5.9

O*net's wdl3A@).
Replacment for original
well #3A (SM Df 3). Gavd
pack 480-612 ft.. Building
#574.

SM Df 94

530-580 Aq"ia 198 Q+2+94 400 62 6.4 24
OrrneCs welt 4A(R).
Replacmmt for otiginal
well #4A (SMDf 4). Gavd
pack 470-582 ft. Bunding
#584.

sMDf 95

489-539 Aquia 109 11-1G94 300 54 5.6 8

Owner's well 5B(R).
Replacmmt for original
well #58 (SM Df 12).

Gnvel prck 400-584 fr.
Buildino #590-

sM Df 96

515-565 Aq"i"
Ovnels wdl #28. Building
#530. Replacomt for SM
Df 9.

SM DT 97

5?5-57s Aq"i"
Owner's well #5A Bulding
#587. Replacment fot SM
Df s.

SM Df 98

Aquia Owna's well #48. Building
#2276.

sM Df 99

29U310 Piney Point-
Nuimoy

30 72-12-82 30 33 0.91 3 Hickoty Hills Subdivision. sM Df 101

Aquia Ormer's well #68. Buiding
#671. Well not inmtoried.

sM Df 103

466-486 Aqri" t7 01-28-44 Replaced by SM Dg 18. SMDg 2

4694a9 Aquia 37 70-23-43 Replaced by SM Dg 16. SMDg 3

7l
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Appendix A. Selected well records (updated from Achmad and Hansen, 1997, app. AFContinued

Well
nmber

Stzte
pemit
nmber

Owner Dn'ller

A.pprox-
ffite

altitude
of lud
surface
surFace

(ft)

Datc well
reported

completed

D.pth
Hole
(ft)

D.ptn
well
(ft)

Dimetq
ofwdl
screm

@ches)

SMDg 5 None U-S. Naqr Patuot Naval
Air Test Cener

Wahingon Pump & Well Co. 27.4 1950 494 494

SMDg 8 sM-01-3246 U.S. Nav;r Patrrxent Naval
Air Test Cmter

Wchington Pmp & Well Co. m 7953 276

SMDg 13 sM-8&08m Sc Marys Comty Metropolitan
Comission

DdwDolling 34 1 1-13-90 610 581 4

SMDg 14 sM-92-0370 U-S. Na$. Patuxmt Naltl
Air Test Cmter

AC. Schultes of Matylud,
Inc,

72 0+22-94 542 5& 6

SMDg 15 sM-92-0245 U-S. Navy Pansmt Naval
Air Tct Cmter

Panxmt Pmp & Well, Inc. 21 72-77-93 500 500 5

SMDg 16 sM-9+0411 U.S- Nagr Panxmt Nawal
Air Test Center

AC. Schultes of Marylo{
Inc.

11 1 1-19-96 540 520

SMDg 18 sM-944926 U.S. Navp Patwot Nawl
Air Test Center

AC. Schultes of Marylmd
Inc.

77 7997 553 8,6

SMDg 19 sM-81-3345 U.S- Navy Patumt Naval
Air Test Cmter

Watson ud Johnson
Well Drilling, Inc.

I 532 8

SMDg 20 sM-884946 U.S- Naqr Patuot Nawal
Air Test Centet

SMDg 21 sM-94-OO74 U.S. Navl Patqot Naval
Air Test Cata

Southm Well ud Recovery
Co.p.

9 1996 375 4

SMDg 22 U.S. Navy Patuent Nayal
Air Test Cmter

11 1990 2

SM Dg 23 sM-73-0095 U-S. Naq: Patutmt Naval
Ai! Test Cmte!

555

sMEd 17 sM-81-2634 Sr Mary's Cowty Mctropolita
Comission

Calvert Wdl Dnlling Co. 07-0247 580 570 4

sMEd 18 sM-9+2514 Sr Mary's Couty Metropolitb
Comission

Patuimt Pup & Well, Inc. 75 10-09-00 560 560 4

SMEe 49 sM-81-1664 Watson, Alva & Thom Watson &Johason Well
Dnlline, Inc.

85 09-2+87 595 595 4

SMEe 50 sM-8&1439 Watson, Alva & Thoro Wason &Johnson Well
Ddlling Inc.

85 0341-91 575 575 4

SM Ef 66 sM434212 Hills Mobie Home Pak Paturmt Prmp & Wdl, Inc. 90 0+23-59 335 335 5

sMEf 69 sM-69-0027 Sr Mary's College of Marylud ShmahmAnaimWell Co. 44 08-27-68 74Q 558 4

sMEf 81 sM-81-3371 Sr Mary's College of Marylmd Sydnor Hydrodynmics, Inc. 44 08-30-88 748 590 10
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Appendix A.-Continued

Sqea
seninp

/ft1

Aquifet

Pmping test data

Rmks Well
nmber

Depth to
staic vater

lsel
(ft)

Date
reported

Yield
(ep-)

Dnwdom
(ft)

Specific
opeity
Gpm/ft)

Duation
oftest
Go.4

47+49Q Aquia 38 08- -50 210 162 1.3 Owner's well #2Q. Bunding
#651.

SMDg 5

Piney Point-
Nmimov

Omer's well W. Replaced
by SM Dg2z SMDg 8

501-52r
531-551
561-581

Aq"i. 127 1 1-13-90 42 81 5.0 8 Ccdu Cove. Omer's vell
#2 Gavel pack
480-585 fr

SM Dg 13

490-54{) Aquia 90 0+22-94 400 170 24 24
Ovner's well lQ(R).
Replrcemmt for original
well 1Q (SMDg6). Gavel
pack 45G542 ft. Buiding
#617.

SM Dg 14

45G500 Aquia 150 8
otrners wdl lC(R).
Replacmmt for original
wcll 1C $M Dg 1). Doillels
t€ on well rads SM-92-
0570, but 0245 is corect.
Buildinq #523.

SM Dg 15

470-520 Aq"i" 118 11-79-96 42 82 4.9 8
Ounels well #3C. Buiding
#583. Replacmot lor SM
I)o 3-

SM Dg 16

500-550 Aquia

Ornels well #2C. tsunding
#575. Replacmmt for SM
DeL

SM Dg 18

480-510 Aquia Ovnet's well CTR Building
#2136.

SMDg 19

Aquia Building #2100. SM Dg 20

295-315 Pinev Point-
Nmimov

Ownels well #1H. Building
#1633.

SMDg 21

(fi-670 Aq"i"
Ownels well Weapons.

Building #253.
Reolacmmt for Ds 8-

SM Dg 22

Aq"it
OrrqeCs wdl Golf Come
Buiding #1636. Well not
inenmried

SM Dg 23

51G570 Aquia 725 o7-o2-a7 120 r5 8.0 5 Wtrdemess Rm Ownet's
vell #1. Test well converted
to orcduaion well.

sMEd 17

52r560 Aquia 170 10-09-00 150 80 1.87 10 Wildemess Rm Subdivision
Ownels vdl #2

sMEd 18

555-595 Aquia 736 09-2+87 230 .10 5.8 77

Hmting Quanet
Subdivisior. Ovna's well
Watson #1.

SMEe 49

5?5-575 Aquia 120 03{1-91 246 90 z7 t
HutingQuanr
Subdivision Owner's well
Watson #2.

SMEe 50

329-335 Piney Point-
Nmimoy

90 0+23-59 45 n 1.1 4 Osner's wdl #3. sM Ef 66

532-558 Ag" 63 ovn-68 107 n 4.0 24 Owns's vdl #1. SM Ef 69

505-570 Aquia 103 08-30-88 M 104 3.8 72 Omer's well #4. See cross-

section B-B'- Gnvel Pack
4ln-74n Ft

sM Ef 81
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Well
nmber

State
pemit
numhr

Owner Ddller

Apptox-
male

altitude
oflmd
surfrce
sufrce

(ft)

Date vdl
rcported

completed

D.pth
Hole
(ft)

Depth
vell
(ft)

Dimetet
of well
sftm

(nches)

sMEf 82 sM-88-1091 Su Mary's Couty Metopolitan
Comission

Watson &Johrooo Wdl
Drillhg Inc

172 05-17-91 655 655

sM Ef 83 sM-81{615 Se Mary's College of Mzrylnd Bmhm Contncos,Inc. 42 0+r3-8l 580 572 8

sMEf 84 sM-81-3288 St Mary's Comty Mettopolitm
Comission

Watson &Johnson lVdl
Ddllire- Inc

85 07-12-89 395 395 4

sMEf 86 sM-88-02a0 Su Mary's Couty Metropolitan
Comission

Watson &Johroon Well
Dnlling, Inc

tun-89 375 375 4

SMEf 87 sM-88-0410 St- Mary's Couty Metopolitan
Comission

Wetson &Johnson Well
Dolllins, Inc.

115 013G90 1100 914 6

sM Ef 89 sM-81-2350 Sc Mary's Couty Metropoliun
Comission

Watsof, &Johffon Well
Dnllline. Inc.

45 0+06-87 348 3.r8 6

sMEf 90 sM-93{782 St Maryk Cowty Metropolian
Comissioo

Wason &Johnson Wdl
Dalling Inc

115 08-27-97 695 695 4

SMEg 29 sM-70{140 Fdmdly Mobile Mmor,Inc. WillimF.Frem 110 1969 335 JJJ
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Appendix A. Selected well records (updated from Achmad and Hansen, 1997, app. A)--Continued
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Appendix A.-Continued

Scren
secings

/Fr\

Aquifer

Pmoine test data

R@dks Well
nmbq

Depth to
static wter

level
(ft)

Datc
reportcd

Yield
Gp-)

Dnvdom
(ft)

Specific
apacity
Gpm/ft)

Dmtion
of test

Oo*)

(fir615
615-635
635-655

Aquia 185 05-17-91 168 55 3.1 24 Soudrgate Cater
Tovnhoues Subdivisioa

sMEf 82

531572 Aq"i. 9t 0+13-U 150 119 1.3 10 Orns'svdl #2 sMEf 83

371395 Piney Point-
Nuiernoy

7& 07-12-89 109 m 5.4 4 Fox lv{sdow. Ovne/s well
#2 Gavelmk365-395 ft.

sMEf 84

355-375 Piney Point-
Naimoy

1,10 7o27-89 50 m 25 4 Fox Madov. Ornet's well
#1. Replacmmt forwell
sM Ef3s (sM-81-3289).
Gavd oacl345-375 ft

sMEf 86

Uppo
Patapsco 719 03-30-90 306 191 t-6 24

GrmbriqVhalefs Ru
Subdivision Ome/s vell
#1.

sM Ef 87

298-348 Piney Point-
Nuimoy

50 o4-0G87 455 m 2275 72 Grcat Mlls Cater. sM Ef 89

595{95 Aqsb 232 0v27-97 258 37 6.9 ,18

Gmbrir, Whaleis Ru
SuMivision. Ornet's vdl
#z

SM Ef 90

32l'-335 Piney Point-
Nenimov

180 1969 25 35 0.7 10 Orns's well #1. SMEg 29
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Appendix B. Withdrawal rates from the Piney Point-Nanjemoy aquifer based on annual average ground-water

appropriation permits apportioned to individual production wells in St. Maryts County for year 2000

[MGS, Maryland Geological Survey; USGS, U.S. Geological Survey]

SM52GAP002 150,000

SM52GAP004 200,000

sM67GAP00t 20,000

SMT4GAPl l8 140,000

sM82cAP008t)

SM8sGAPO3')

Owner/location

St. Mary's County Metropolitan Commission,

Hills Mobile Home Park

St. Mary's County Mehopolitan Commission,

Town Creek #3

Town Creek #6,{
St. Mary's County Metropolitan Commission,

Greenview Knolls #1,

Greenview Knolls #2

U. S. Navy: Patuxent Naval Air Test Center,

. Building #532

Building #1633

Building #2100

Building #596

Building #536

St. Mary's County Mehopolitan Commission,

HickoryHills

St. Mary's County Mehopolitan Commission,

Great Mills Center

#3 SM Ef66 150,000

Ground-water
appropriation

permit
(GAP)

Appropriated
annual average GAP,

in gallons per day

Owner's
well

designation

MGS/LISGS well
number

Pumpage
in model cell,

in gallons per day

#t

#2{
Or

#1P

#lH

SM Df 69

sM Df 49

SM Df 53

SM Df 60

SM Df 14

SM Dg 2l
SM Dg 20

sM Df 39

SMDf6

17,623

182,377

3,000

17,000

127,694

2,070

802

7,929

1,514

#1S

#1R

sM Df 101 10,521r)

sM Ef 89 150,810r)

r) Reported as part of I-exington Park system (Appendix C, SM46GAp00l)
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Appendix B. Withdrawal rates from the Piney Point-Nanjemoy aquifer based on annual average ground-water
appropriation permits apportioned to individual production wells in St. Mary's County for year 2000-
Continued

Ground-water
appropriation

permit
(GAP)

Appropriated
annual average GAP,

in gallons per day

Owner's
well

designation

MGSAJSGS well
number

Pumpage
in model cell,

in gallons per day

SM8TGAPOOI 7,100 St. Mary's County Mehopolitan Commission,

Fox Meadow,

Fox Meadow

#1

#2

SM Ef86

SM Ef84

3,550

3,550

{{



Appendix C. Withdrawal rates from the Aquia aquifer based on annual average ground-water appropriation permits apportioned
to individual production wells in St. Mary's County for year 2000

[MGS, Maryland Geological Survey; USGS, U.S. Ceological Survey]

\t
@

Ground-water
appropriation

permit
(GAP)

Appropriated
annual average GAP,

in gallons per day

Ownet's
well

designation

Colony Square

Pegg Road

Essex Drive

Willows Road

Bank Square

Town Creek #68

Esperanza Farms

Sans Souci

#2

#l

MGSAJSGS well
number

SM Df42

SM Df 62

sM Df76

SM Df78

SM Df 86

SM Df 89

SM Df91

SM Df 92

SM Dd 64

SM Dc 58

SM Dd 39

sM Dd 65

sM Dd 30,66

SM Dd 4I

SM Dd 45

sM Df 90

Pumpage
in model cell,

in gallons per day
(gpd)

t14,76g

450,675

132,343

96,239

225,065

60,047

138,400

71,133

7,500

55,000

137,103

125,903

26t,gg4

15,000

15,000

80,000

SM46GAP001 1,450,000')

SM55GAPOO2

SM65GAPOO2

SM6TGAPOO3

SM6TGAPOO9

SM67GAP101

7,500 Tekstar Indushies, Leonardtown

55,000

Owner/location

St. Mary's County Mehopolitan Commission,

Lexington Park

St. Mary's County Metropolitan Commission,

St. Clements Shores

St. Mary's County Metropolitan Commission,

Greenview Knolls Subdivision #3

525,000 Leonardtown, Commissioners of

30,000 St. Maryns County Public Schools,

Vocational Technical Center

80,000

#

#2

#3

r,#4

#3

t) Included allocated pumpage from Piney Point-Nanjemoy aquifer at Hickory Hills Df 101 of 10,521 gpd (sM82cAp008) and Great Mills Ef 89 of 150,810 gpd (SM85cAp039)

ry! ,;
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Appendix C. Withdrawal rates from the Aquia aquifer based on annual average ground-water appropriation permits apportioned
to individual production wells in St. Mary's County for year 2000-Continued

Ground-water
appropriation

permit
(GAP)

Appropriated
annual average GAP,

in gallons per day

Owner's
well

designation

#t

#2R

#1,#2

#l
#2

MGStuSGS well
number

SM Cc 19

SM Cc 27

SM Dc 59,60

SM Df 80

SM Dg 13

SM Df 73

SM Dg 22

SM Dg 19

SM Dg l8

SM Dg 16

SM Df 98

SM Df 97

SM Df 96

SM Df95

SM Df 94

SM Df 93

sM Df t0

SM Dg 14

SM Df 99

SMDg 15

Pumpage
in model cell,

in gallons per day
(gpd)

5,962

25,138

13,000

73,262

86,738

50,000

SM69GAPOl7 85,000

SMTIGAPOO4 31,000

SMT2GAPOO4

SMT3GAPOO3 160,000

SMT4GAPOO2 50,000

SMT4GAPOI8 830,000

Owner/location

St. Mary's County Mehopolitan Commission,

Breton Bay Estates, Meadow Drive

U.S. Navy: Patuxent Naval Air Test Center,

Building #253

nuitaing #2136

Building #575

Building #583

Building #587

Building #530

Building #590

Building #584

Building #574

Building #529

Building #531

Building #617

Building #2276

Building #523

#lF.,#2 SM Dc 62,Dd 44 85,000

St. Mary's County Metropolitan Commission,

Loveville Acres, King-Kennedy Estates

13,000 Mt. Pleasant Water Company

St. Mary's County Mehopolitan Commission,

Cedar Cove, Shannon Farm

St. Mary's County Metropolitan Commission,

Tubman Douglas Estates
{\o

Weapons

CTR

#2C

#3C

#5A

#28

#5BR

#4AR

#3AR

#1BR

#38

#1QR

MB

#1CR

691

3,804

33,248

94,505

68,643

36,068

102,619

66,485

19,960

149,356

18,010

6,507

60,095

29,693



Appendix C. Withdrawal rates from the Aquia aquifer based on annual average ground-water appropriation permits apportioned
to individual production wells in St. Mary's County for year 200d-Continued

oo

Ground-water
appropriation

permit
(GAP)

Appropriated
annual average GAP,

in gallons per day

Owner's
well

designation

#2AR

#2Q

#68

Golf Course

#tA
Goose Creek

#l
#2

#t

#2R

#1B

#3

#2 (Tower)

#1R

MGStuSGS well
number

sM Df6l
SMDg5

SM Df IO3

SM Dg 23

SMDfI
SM Dg2)

SM Cc 15

SM Cc 16

SM Ce 34

SM Ce 45

sM cb l8
SM Cb 29

SM Cb 30

SM De 53

SM De 36

SM De 50

SM De 56

Pumpage
in model cell,

in gallons per day
(gpd)

29,639

6,990

24,936

65,297

14,674

0

59,200

15,000

15,000

ll,2g7

13,703

49,000

147,000

45,000

34,000

96,599

25,119

228,293

SM74GAP025

SM74GAPO35

SM74GAP043

SMT6GAPOO3

SMT6GAPOO4

SMT6GAPOI4

SM76GAPO24

59,200

30,000

25,000

240,000

34,000

350,000

40,000 Maryland

Owner/location

Building #524

Building #651

Building #671

Building #1636

Building #522

Building #1677

St. Mary's County Metropolitan Commission,

Rolling Acres, Indian River, and Summit

St, Mary's County Mehopolitan Commission,

Birch Manor Subdivision

St. Mary's County Metropolitan Commission,

Fenwick Manor Subdivision

St. Mary's County Metropolitan Commission,

Counhy Lakes and Beverly Estates

Subdivisions

St. Mary's County Mehopolitan Commission,

St. Mary's Industrial Park

St. Mary's County Mehopolitan Commission,

Wildewood Subdivision and Technology park

#1,#2R SM Bc 30,35

#t

#2

#3R

r$ rq ry] n91 r.$ m xn In 'rn

Rock Indushies, Breton Bay plant SM Dd 47 40,000

m n F n n n m m nt Fl ist in r" :ar"! i:rr,r':'!'r? r,-r
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Appendix C. Withdrawal rates from the Aquia aquifer based on annual average ground-water appropriation permits apportioned
to individual production wells in St. Mary's County for year 2000-Continued

SM76GAPO25 15,200 International Association of Machinists,

Placid Harbor Education Center

SMSIGAPOl8 70,000 Maryland Environmental S ervice,

Charlotte Hall Veterans Home

SM83GAPO16 40,800 St. Mary's County Metropolitan Commission,

Hunting Quarter Subdivision

SM83GAPO22 15,000 Wentworth Nursery, Inc.

@ sM84cAPo333) 5,700 St. Mary's County Mehopolitan Commission,

Mulbeny South

SM8sGAPO5l 5,300 St. Mary's County Metropolitan Commission,

Hearts Desire Subdivision

SM86GAPOI6 61,300 St. Mary's County Metropolitan Commission,

Laurel Ridge Subdivision

SM86GAPO6O 25,000 St. Mary's County Mehopolitan Commission,

Wilderness Run Subdivision

SM8gGAPOO8 10,000 Patfy Dean-Kelly, Bushwood Bottling Plant

SM8gGAPOlO 39,700 St. Mary's County Mehopolitan Commission,

Persimmon Hills Subdivision

Ground-water
appropriation

permit
(GAP)

Appropriated
annual average GAP,

in gallons per day
Owner/location

Owner's
well

designation

#l
#2

#r,#2

#1,#2

#2,#l

#1,#2

MGSAJSGS well
number

SM Bb 26

SM Bb 28

SMAb6

SMAbT

sM Dd 73,74

SM Bc 36

SM Bc 33,34

sM Ed 17,18

SM Db 4)

SM Bc 32

Pumpage
in model cell,

in gallons per day
(gpd)

7,500

7,500

5,700

5,300

61,300

25,000

10,000

39,700

SM Ce 38 15,200

35,000

35,000

SM Ee 49,50 40,800

t) GAP *r, for Piney Point-Nanjemoy aquifer, but well depth indicated wells were screened in Aquia aquifer
1) Well not inventoried, well number unlinown.



Appendix C. Withdrawal rates from the Aquia aquifer based on annual average ground-water appropriation permits apportioned
to individual production wells in St. Mary's County for year 20O0--Continued

Ground-water
appropriation

permit
(GAP)

Appropriated
annual average GAP,

in gallons per day

Owner's
well

designation

#t

#2,#l

#L

#2

MGSAJSGS well
number

sM Ef 875)

sM Ef90

SMAb9
SM Bb 29

SM Bb 30

sM Dd 69,70

SM Ef82

SMCa9

SM Ce 43

SM De 55

SM Dc 6)

SM Cc 30

Pumpage
in model cell,

in gallons per day
(gpd)

26,500

14,500

23,600

19,100

13,600

60,300

7,500

55,300

119,000

20.300

SM89GAPO74

SM66GAPOO6

SM9OGAPO65

SM9IGAPO2I

SM92GAPOlO

SM92GAPO3I

SM94GAPOO4

SM95GAPO42

SM9TGAPO02

53,000

57,200

7,100

13,600

60,300

7,500

55,300

I 19,000

20,300

Owner/location

St. Mary's County Mehopolitan Commission,

Greenbriar, Whaler's Run Subdivision

St. Mary's County Metropolitan Commission,

McKays Plaza,

Charlotte Hall 1,

Charlotte Hall2

St. Mary's County Mehopolitan Commission,

Holland Forest

St. Mary's County Metropolitan Commission,

Southgate Center Townhouse Subdivision

St. Mary's County Recreation and Parks

Department, Wicdmico Shores Golf Course

St. Mary's County Mehopolitan Commission,

Hollywood

St. Mary's County Metropolitan Commission,

Laurel Glen Subdivision

South Star Limited Parfnership,

sand and gravel mine

St. Mary's County Board of Education,

Chopticon High School

#t

#2

#1R

oo
N)

5) Well screened in Upper Patapsco aquifer
6' Well not inventoried, well number unassigned
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