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HYDROGEOLOGY, MODEL SIMULATION, AND 
WATER-SUPPLY POTENTIAL OFTHE AQUIA AND 

PINEY POINT-NANJEMOY AQUIFERS 
IN CALVERT AND ST. MARY'S COUNTIES, MARYLAND 

By 

Grufron Achmad and Hany 1. Hansen 

ABSTRACT 

Calvert County and St. Mary 's County are rapidly growing areas located in southern Maryland. The Aquia aquifer and the 
Piney Point-Nanjemoy aquifer are the chief sources of ground water in the two-county area. In 1994 withdrawals from the Piney 
Point-Nanjemoy aquifer totaled about l.9 million gallons per day (Mgal/d) in Calvert County and 3.5 MgaVd in St. Mary's 
County. Aquia withdrawals in 1994 were about 3.6 Mgal/d in Calvert County and 4.5 Mgal/d in St. Mary's County. Aquia water 
levels in the Lexington Park-Solomons area have declined substantially, forming a large cone-of-depression that in 1994 was at 
least 131 ft below sea level at its deepest. Because substantial growth is anticipated over the next 25 years , a new ground-water 
flow model was constructed to simulate future water-level trends through 2020, using several alternative pumping scenarios. 

The input and hydrogeologic framework of the flow model were constructed based on an earlier modeling investigation 
(1983) of the Aquia and Piney Point-Nanjemoy aquifer system. The new flow model was updated with hydrogeologic data 
collected since the completion of the previous model. The hydrogeologic framework consists of three layers; each layer includes 
an aquifer and its underlying confining unit. From top to bottom, the hydrogeologic framework consists of: 1) the Holocene
Pleistocene Surficial Aquifer modeled as a water-table aquifer (aquifer 1) and its underlying confining unit (Upper Confining 
Bed); 2) the Piney Point-Nanjemoy aquifer modeled as a confined aquifer (aquifer 2) and its underl ying confining unit (Middle 
Confining Bed); and 3) the Aquia aquifer modeled as a confined aquifer (aquifer 3) and its underl ying confining unit (Lower 
Confining Bed) modeled as a no-flow boundary. Hydrologic properties assigned to the model in Calvelt and St. Mary's Counties 
include transmissivity values for the Piney Point-Nanjemoy aquifer and Aquia aquifer ranging between 100 to 700 feet squared 
per day (ft2/d) and 500 to 2,000 ft2/d , respectively. The confining beds range in thickness between 60 and 270 ft and were 
assigned vertical hydraulic conductivity values of 4 and 5 x 10.4 feet per day (ftld). 

The model was calibrated by matching simulated water levels with water levels measured in 198 observation wells. Steady-state 
calibration was performed to obtain a stabilized head distribution that simulated pre-pumping conditions. The transient model was 
calibrated by matching simulated water levels against 1952, 1980, and 1982 data. The calibrated model was verified by matching 
simulated data against 1991 , 1992, 1993, and 1994 water levels . The goodness of fit between simulated and measured water levels is 
considered acceptable with an average deviation about the regression line ranging between 3. 1 and 7.7 ft. 

Three pumping scenarios for major ground-water appropJiators were simulated: (I), projected 1995 to 2020 pumpage rates 
based on county water plans and population growth estimates; (2) , pumpage using the CUlTent (1995) annual average ground
water appropriation permit (GAP) allocation rates from 1995 to 2020; and (3), pumpage using the CUlTent (1995) maximum 
GAP allocation rates applied as annual averages from 1995 to 2020. In the Maximum GAP scenaJio total pumpage was in
creased from 8.7 Mgal/d (1995) to 11.1 MgaI/d (2020) in Calvert County and from 11 .9 Mgal/d (1995) to 13.0 Mgal/d (2020) in 
St. Mary's County. The maximum GAP simulation represents the maximum rates permitted fo r the month of highest demand 
used as an annual average. Future domestic pumpages used for the 1995 to 2020 simulation were based on estimated population 
increases by sanitary district (in St. Mary 's County) and planning area (in Calvert County) . All three pumping scenarios used the 
same rates of domestic pumpage. 

The potential for increased ground-water withdrawals at six Aquia well fields , three in Calvert County and three in St. 
Mary 's County, was evaluated by comparing drawdowns obtained from the Maximum GAP scenario with pelmitted manage
ment levels (80% of avail able drawdown). The well fields are located at Chesapeake Ranch Estates, Solomons, and Prince 
Frederick in Calvert County and at Lexington Park, Patuxent Nava l Air Test Center, and Leonardtown in St. Mary's County. At 



each well field water levels simulated to 2020 were maintained above the management water level, although relatively deep. 
Simulated water levels representing model-cell averages ranged from 106 ft below sea level at Prince Frederick to 235 ft below 
sea level in Lexington Park. Additional drawdowns calculated for selected pumping wells ranged between 10 and 144 ft depend
ing on the number of wells assigned to a model cell. In other areas of the Atlantic Coastal Plain comparable loss of head has 
reportedly caused aquifer compaction and moderate land subsidence (less than 0.75 ft). 

In Calvert and St. Mary's Counties Piney Point-Nanjemoy water levels remain substantially above Aquia levels, par
ticularly surrounding the major well fie lds. In the future large appropriators should be restricted from using the Piney Point
Nanjemoy aquifer, leaving it to accommodate self-supplied, domestic usage. In areas where Aquia domestic wells predominate, 
water levels could be stabilized by allocating major withdrawals to deeper, more productive aquifers such as the Magothy and 
Upper Patapsco. For example, in the northern half of Calvert County, the Magothy aquifer has reported transmissivity values 
three or more times greater than the overlying Aquia aquifer. 

The continued collection of accurate pumpage, water-level , and land-subsidence data is essential to manage increasing 
water demand effectively in Calvert and St. Mary 's Counties. Observation wells serve as an early-warning system to alert 
managers to unforeseen water-level trends, as well as providing a basis to verify the model projections discussed in this report. 
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INTRODUCTION 

Calvert and St. Mary's Counties are rapidly growing 
areas located in southern Maryland (fig. 1). The counties 
are linked by the Patuxent River bridge at Solomons and 
are within commuting distance to Washington, D.C. and the 
Annapolis area. Between 1980 and 1990 the combined popu
lations of the two-county area increased 34.7 percent, from 
94,533 to 127,346 (tab. 1). The two largest employers in 
the area are the Calvert Cliffs Nuclear Power Plant operated 
by the Baltimore Gas and Electric Company (BG & E) in 
Calvert County and the Patuxent Naval Air Test Center in 
St. Mary's County. 

Calvert and St. Mary's Counties occur on the western 
shore of Chesapeake Bay and form discrete peninsulas sepa
rated by the Patuxent River. St. Mary's County is separated 
from the northern neck of Virginia by the Potomac River 
(fig. I) . The counties are in a dissected coastal plain setting 
with upland elevations less than 200 ft above sea level. 
Calvert and St. Mary's Counties are dependent on ground 
water for potable supplies because the major surface-water 
bodies sULTounding the counties are brackish and the small 
freshwater streams originating within the area lack adequate 
dam sites for reservoirs. 

Ground-water usage has increased substantially in the 
two-county area. For example, Wheeler and Wilde (1989, 
p. 34,97) reports that usage increased 75 percent in Calvert 
County between the 1940 's (1.6 Mgal/d) and 1980 
(2.8 Mgal/d); in St. Mary 's County, the pumpage increased 
60 percent over the same 30-year period (from 3.5 Mgal/d 
to 5.6 MgaUd). During the 1980's, growth in the two coun
ties accelerated so that by the end of the decade ground
water pumpage had increased to 4.77 Mgal/d in Calvert 
County and 8.09 Mgal/d in St. Mary's County (Wheeler, 
1992, tab. 3b). Domestic wells, which are dispersed through
out the two-county area, are an important component of 
ground-water usage. For example, Wheeler (1995, tabs. 3b, 
5b) estimated that in 1991 domestic pumpage was 60.1 per
cent and 47.2 percent of the total withdrawals in Calvert 
County and St. Mary's County, respectively. Domestic wells 
in the two-county area withdraw ground water largely from 
either the Piney Point-Nanjemoy aquifer or the Aquia aqui
fer. In 1994 domestic withdrawals in Calvert County to
taled about 3.4 Mgal/d divided roughly in half between the 
Piney Point-Nanjemoy aquifer and the Aquia aquifer, while 
in St. Mary's County estimated withdrawals were 2.7 Mgal/d 
from the Piney Point-Nanjemoy aquifer and 1.0 Mgal/d from 
the Aquia aquifer. 

In Calvert County the Sanitary District operates major 
water-distribution systems at Prince Frederick and Solomons 
and smaller systems elsewhere (incl uding Calvert Beach, 
Dares Beach, Kenwood Beach , and Chesapeake Heights). 
Pumpage at Solomons occurs also at the Naval Air Test 
Center Annex. In addition , numerous municipal and private 
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water companies operate in the county including Chesapeake 
Beach, Chesapeake Ranch Estates, Long Beach, Scientists 
Cliffs , and Calvert Beach. The BG & E nuclear power plant 
at Calvert Cliffs and the Calvert Industrial Park also operate 
ground-water systems. In St. Mary 's County major ground
water users include the Metropolitan Commission (which 
operates systems at Lexington Park, Piney Point, Golden 
Beach area, California, Mechanicsville, and elsewhere), 
Leonardtown , and the Patuxent Naval Air Test Center. 

The Aquia aquifer of Paleocene age is the primary 
source of ground water for major appropriators (users of 
greater than 5,000 gal/d) in Calvert and St. Mary's Coun
ties. The overlying Piney Point-Nanjemoy aquifer of Eocene 
age is also pumped, but increasingly is being reserved for 
domestic users in the parts of the counties where it is present. 
For example, the Maryland Water Resources Administra
tion (1987, p. 30) reported that in Calvert County in 1985 
major users withdrew 73.4 percent from the Aquia aquifer, 
19.4 percent from the Piney Point-Nanjemoy aquifer, and 

Table 1. Population and population projections 
for Calvert and St. Mary's Counties 
from 1950 to 2020 

Year Calvert County St. Mary's County 

1950 12,000 29,111 

1960 15,826 38,915 

1970 20,682 47,388 

1980 34,638 59,895 

1990 51,372 75,974 

1995 64,598 e 81,037 e 

2000 75,000* 89,500* 
90,756+ 

2010 95,000* 99,500* 
102,434+ 

2015 109,000* 103,900* 

2020 123,000. 115,339+ 

• Estimated population (from u.s. Census Bureau , 7/95) 
+ Projected population (from Maryland Office of Planning, 12/93) 
+ Projected popUlation (from Department of Planning and Zoning, 

Sl. Mary ' s County, 1993) 
• Projected population using the 2010 to 2015 growth rate 
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7.2 percent from deeper, Cretaceous aq uifers (the Magothy 
and Patapsco aquifers) . Similarly, in St. Mary's County the 
respective withdrawal percentages were 83.1 percent, 15.9 
percent, and 1 percent. In 1994 appropriated pumpage from 
the Aquia aquifer was about 1.87 Mgal/d in Calvert County 
and 3.55 Mgal/d in St. Mary's County (Judith Wheeler, 1995, 
written communication); comparable withdrawal rates fo r 
the Piney Point-Nanjemoy aquifer in 1994 were 0.25 Mgal/d 
and 0.78 Mgal/d, respectively. 

Increased pumpage from the Aquia aquifer has resulted 
in decl ining water levels as hydraulic gradients readjust to 
allow greater recharge to pumping centers. Early in the twen
tieth century, few Aquia wells had been drilled in Calvert 
an<t St. Mary's Counties and water levels typically were 
above sea level (Clark, Mathews, and Berry, 1918, p. 404, 
412). With the development of the Patuxent Naval Air Test 
Center in the early 1940's (Bennett, 1944), Aq uia water lev
els declined significantly, causing a large cone-of-depres
sion to develop around the Lexington Park area (Otton, 1955, 
pI. 4). Although pumpage at the military base actually de
creased in subsequent years, overall water demand in the 
two-county area has significantly increased. As a result, 
water levels have continued to fa ll as documented by 
ChapeUe and Drummond (1983, pI. 10), Mack and others 
(1992), and Curtin, Mack, and Andreasen (1995). For ex
ample, at Lexington Park: 

Top of aquifer, 
in ft below 
sea level 

Water levels, in ft 
relative to sea level 

Locality Aguia pre-1918 1950 1980 1990 1994 
Lexington 
Park -450 +13 -42 -69 -106 -131 

In Maryland ground-water allocations are permitted that 
lower water levels up to 80 percent of the available draw
down (defined as the depth from the pre-pumping water level 
to the top of the aquifer). Based on this management con
straint, substantial drawdown remains in the Aquia aquifer 
to allow further development of ground water in the Lex
ington Park area. Nonetheless, declining water levels have 
the potential to create operational and environmental prob
lems. For example, to maintain production in individual wells 
pump settings may have to be lowered or pumps with greater 
lift-capacity may have to be instal led. In some cases replace
ment wells would have to be drilled in order to accommo
date these changes. Declining water levels in other areas 
have induced salt-water intrusion or land subsidence, but 
neither is a significant problem in Calvert or St. Mary's 
Counties at the present time. 

5 

PREVIOUS INVESTIGATIONS 

Systematically collected hydrogeologic, water-use, and 
water-l evel data are essential to define hydrologic condi
tions and implement effective ground-water allocation poli
cies. In recen t years analysis of the complex interrelation
ships between these factors has been significantly enhanced 
by the development of mathematical models that simulate 
the ground-water flow. The Maryland Geological Survey 
and the U.S . Geological Survey have cooperated with other 
state and county agencies in a series of continuing projects 
to collect, organize, and distribute ground-water level and 
pumpage data from southern Mary land (e .g., Curtin, Mack, 
and Andreasen, 1995; Curtin and Dine, 1995; Smigaj and 
Davis, 1987; and Wheeler, 1992, 1995). Over the years these 
data have been utili zed in a series of water-resources re
ports prepared by the Mary land Geological Survey and the 
U.S. Geological Survey. The earlier studies focused on in
dividual counties (Overbeck and others, 1951; Ferguson and 
others, 1953) or groups of counties (Otton, 1955; Weig le, 
Webb, and Gardner, 1970); more recently, aquifers or aqui 
fer systems have been studied using hydrologic boundaries 
to define project areas (Kapple and Hansen, 1976; Williams, 
1979; Chapelle and Drummond, 1983). The Chapelle and 
Drummond (1983) report, for example, described the 
hydrogeology of the Aquia and Piney Point-Nanjemoy aqui
fer system, providing information on aquifer and confining 
bed characteristics, water levels, and pumpage. Using this 
information Chapelle and Drummond developed a digital 
ground-water flow model , calibrated against historical data 
collected through 1980. The model was used to simulate 
the water-level response to expected future rates of pumpage. 
During the last decade these predictions have provided valu
able information to county and state officials involved in 
water-supply issues and ground-water allocation. 

PURPOSE 

The purpose of this report is to estimate future ground
water conditions (water levels and wi thdrawals) in Calvert 
and St. Mary's Counties using an updated ground-water flow 
model of the Aquia and Piney Point-Nanjemoy aquifer sys
tem. The updated flow model was based on an earlier model 
(Chapelle and Drummond, 1983) that was recalibrated to 
take into account hydrogeologic data co llected since 1983. 
A comparison of the simulated 1990 Aquia potentiometric 
surface displayed in the earlier report with the water levels 
measured in 1990 shows that actual drawdown exceeded 
predicted drawdowns by 10 to 30 ft in Calvelt and St. Mary 's 
Counties. At least in part the difference was caused by un
derestimating 1990 Aquia pumpage in the earlier model by 



several million gallons per day. A "post-audit" or verifica
tion test (Anderson and Woessner, 1992) of the earlier model 
could not be performed because the data sets used to con
struct the model are no longer available. Instead a new model 
was assembled based on reported information contained in 
Chapelle and Drummond (1983), updated with published 
and file data collected since the completion of the earlier 
study. 

The recalibrated model of the Aquia and Piney Point
Nanjemoy aquifer system was used to simulate future wa
ter-level trends through 2020, using several alternative 
pumping scenarios. The results presented in this report will 
assist county water-resource managers to plan for the fu
ture, as well as provide a sound hydrogeologic basis for the 
state's ground-water allocation policy. 

WELL NUMBERING SYSTEM 

The Maryland well-numbering system used in the prepa
ration of this report groups all wells by counties. A two
letter symbol, derived from the county name, is used as a 
prefix for each well number. Thus, in this report CA is the 
prefix for wells in Calvert County and SM is for wells in St. 
Mary's County. Each county is divided into 5-minute quad
rangles. Each quadrangle, from north to south, is designated 
by uppercase letters and from west to east by lowercase let
ters (fig. 1). The wells are numbered in each 5-minute quad
rangle in the order in which they were inventoried. For ex
ample, CA Bb 1 indicates the first well numbered in the Bb 
quadrangle of Calvert County. 
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HYDROGEOLOGY 

REGIONAL SETTING 

The formations underlying the Coastal Plain in Calvert 
and St. Mary's Counties have a maximum total thickness of 
about 2,600 ft in the Point Lookout area and range in age 
from lower Cretaceous to Quaternary (Hansen and Wilson, 
1984). The Coastal Plain formations are composed largely 
of admixtures of clay, silt, sand, and gravel that form a se
ries of interbedded aquifers and confining beds. The strike 
of the formations changes from nOltheasterly in northern 
Calvert County to north-south in southern St. Mary 's County, 
reflecting the structural influence of the Salisbury 
Embayment, a major mid-Atlantic depocenter (Hansen , 
1978). Strata dip to the southeast and east, generally less 
than 1 degree. The Coastal Plain is underlain largely by meta
morphic ("basement") rocks that are probably Paleozoic in 
age (Edwards and Hansen, 1986), although a volcanic rock, 
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cored at Lexington Park, yielded a Mesozoic (Jurassic) ra
diometric date (Hansen and Wilson, 1984). 

SURFICIAL AQUIFER 

Nomenclature 

The Surficial Aquifer (undivided) consists of two in
formal stratigraphic units , the Lowland Deposits and the 
Upland Deposits, which were mapped by Cleaves and oth
ers (1968) and described by Glaser (1971). More recently 
McCartan (1989) remapped St. Mary 's County and subdi
vided both the Lowland Deposits and Upland Deposits into 
several new geologic formations (tab. 2). According to 
McCartan (1989) , the units comprising the Lowland De-
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Table 2. Generalized description of Tertiary hydrogeologic units underlying Calvert and St. Mary's Counties, Md. and their approximate 
correlation with geologic units (modified from Weigle and Webb, 1970; Weigle, Webb, and Gardner, 1970; Chapelle and 
Drummond, 1983; and Hansen and Wilson, 1984) 

Hydrogeologic 
Approximate 

Unit 
1bickness Water-Bearing Characteristics Lithologic Description Geologic Unit Series System 

(ft.) 

Yields limited quantities of water to large-diameter 
Complexly stratified !Jm, brown, and gray clay, s ilt, mediwn 

(}'140 
wells . Has potential for larger y ie lds along 

to coarse sand, and gravel. Underlies near-shore areas 
Low land Holocene to 

QuatemalY 
somhern shores of St. Mary's COWlIY but may be 

below 80± feet above sea level. 
Deposits l Pleistocene 

SURHCIAL 
susceptible 10 salt-water intrusion . 

? 
AQUIFER 

Complexly stratified um or orange clay, s ilt , and sand 
( WJdjvided) Limited saturated Ihiclcness. Yields moderate amOlUlts of 

mixture in upper loam member, and sand and grave l in lower 
(}'85 

water to large-diameter wells. Commonly, streams have 
gravel member. Underlies dissected southeastward-sloping Upland Deposits' Pliocene 

CUl downward through the depos its permining the deposits 
upland surfaces, between 80± and 200± feet above sea 

to drain rapidly. 
level. 

UPPER 
Yields small amOlUlts of water to wells. Functions as 

Olive gray, greenish brown, and light gray clays, sandy 
CONFINING 60-270 

conf'ming bed. 
clays, and fmc sands; fossiliferous. Lower beds may be 

Chesapeake 
BED diatomaceous. 

Group Miocene 

Light gray to yellowish green, fme sand. May include 
(undivided) 

phosphatic pebbles and shell clasts at basal contact. 
? ? -

Primary source of water in southe rn Calve rt and 
Dusky brown to olive green clayey sand . SlighUy glauconitic; Oligocene 

PINEY POINT St. Mary's Counties where the Piney Point aquifer Unnamed' 
AQUIFER 

(}'130 
is hydraulically connected to the upper sandy portion 

fossiliferous. (Areal extent uncertain). (?) 

of the Nanjemoy Formation. Light gray to brownish-yellow, slighUy glauconitic, medium 
Tertiary 

to coarse sand ; interbedded layers of shell and sand, locally 
Piney Point" 

cemented. 
Fm. 

NANJEMOY Secoodary source of water in northern Calvert and St. 
Eocene 

(}'30 Sand, s ilt, and clay; blackish-green to gray; glauconitic; the 
AQUIFER Mary's Counties where the Piney Point aquifer is absent. 

upper portion of formation is sandy; the lower portion is Nanjemoy Fm. 

MIDDlE 
predominanUy silt and clay. 

CONFINING 7(}'200 
Yields small amounts of water to wells. Functions as a ?-

BED 
conf'ming bed . 

Pink, red, or gray plastic clay. Marlboro Clay 

AQUlA AQUIFER (}'205 
Primary source of water in Calvert County and St. Mary ' s Green to yellowish brown, mediwn grained, clayey, 

Aquia Fm . 
Coonty north of Kins Point. glauconitic sand with locally cemented shell beds Paleocene 

Gray to grayish black, micaceous, slighUy glauconitic clay, 
Brightseat Fm. 

LOWER Yields small amOlUlts of water to we lls. Functions as s ilt, and fme sand. (Areal extent unlcnown). 
CONFINING BED 

2(}.105 
conf'ming bed. 

Upper and Lower Cretaceous Units (undifferentiated) 

I. On the St. Mary's COWlty geologic map the Lowland Deposits have been subdivided by McCartan (1989) into several geologic units including Holocene Deposits (undivided), Kent Island FOllI\3.tion (upper Pleistocene), Maryland Point 
Formation (upper Pleistocene) , Omar Formation (upper Pleistocene), and Cbicamuxen Church Formation (middle to lower Pleistocene). 

2. On the St. Mary's Coonty geologic map the Upland Deposits have been subdivided by McCartan (1989) into several geologic units including Park Hall Formation (upper Pliocene) , Upland Gravel 4 (upper Pliocene) , and Upland Gravel 
3 (lower to upper Pliocene). 

3. Ward (1985) bas ass igned very late Oligocene to very early Miocene (?) beds in Maryland to the Old Church Formation. 
4. Olsson, Miller, and Ungrady (1980) have argued that the Piney Point Formation includes Oligocene beds. 



posits are Holocene to Pleistocene in age, while the Upland 
units are considered largely Pliocene. 

Lithology and Thickness 

Otton (1955, p. 104) states that the Lowland Deposits 
commonly consist of three lithologic units. The basal 10 to 
20 ft are often logged as a cobbly sand and gravel. It is over
lain by as much as 90 ft of bluish gray to dark brown clay 
that is silty or sandy in some places (Glaser, 1971, p. 35). 
The upper unit consists of 10 to 30 ft of pale gray, fairly 
clean, medium to coarse sand (Glaser, 1971, p. 36; Otton, 
1955, p. 104). The Lowland Deposits are of fluvial to es
tuarine origin. 

The Upland Deposits consist of two units of fluvial ori
gin (Glaser, 1971, p. 31). The lower unit may be up to 70 ft 
thick and consists of interbedded pale yellowish gray to red
dish brown, medium to coarse sand, pebbly sand, and sandy 
gravel; thin, irregular beds of mottled red, gray, and purple 
silt and clay also occur. The upper member consists of yel
lowish to reddish brown, poorly-bedded sandy clay to silty 
loam (Hack, 1955) and averages about 15 ft in thickness. 
The base of the Upland Deposits is channeled in places re
sulting in unusually thick occurrences logged near 
Lexington Park and in southern Calvert County (fig. 2). 

Areal Extent 

The surface distribution of the Lowland Deposits in 
Calvert and St. Mary's Counties is displayed on the state 
geologic map (Cleaves and others, 1968). Otton (1955, pI. 6) 
had previously published a similar map of the Lowland 
Deposits, which also included thickness data from weUlogs. 
In both Calvert County and St. Mary 's County the Lowland 
Deposits are generally found throughout the Patuxent River 
valley. Lowland Deposits fringe St. Mary's County along 
the Potomac River and the Chesapeake Bay, but occur in 
only a few places (such as North Beach and Cove Point) 
along the Calvert Cliffs in Calvert County (Ferguson, 1953; 
Otton, 1955) (fig. 2). The Lowland Deposits extend beneath 
the Chesapeake Bay and Potomac River, filling deep, an
cestral river channels with 200 or more ft of fluvial and es
tuarine sediments (Hack, 1957; Knebel and others, 1981 ; 
Colman and Halka, 1989a; 1989b). Onshore, Otton (1955, 
pI. 6) has suggested the occurrence of deep channels at the 
base of the Lowland Deposits in the Solomons area of Calvert 
County and in areas of St. Mary's County beneath the 
Patuxent Naval Air Test Center and adjacent to the Potomac 
River from the mouth ofthe Wicomico River to Point Look
out. 

The Upland Deposits are at'eally more extensive in 
St. Mary 's County than Calvert County (Glaser, 1971 , pI. 4) 
(fig. 2). The distribution of the Upland Deposits has a dis-
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tinctly dendritic aspect because the unit caps the higher 
interfluvial divides in the two-county area. Glaser (1971, 
p. 31) suggests that the Upland Deposits form a highly dis
sected sediment sheet whose base slopes southwesterly 
reaching an elevation of about 80 ft at its southern terminus, 
near Ridge in St. Mary's County. 

Hydrogeologic Characteristics 

In the past, the Surficial Aquifer was an important 
source of water in Calvert and St. Mary's Counties when 
dug or driven wells were widely used for domestic and farm 
supplies. However, nearly all new wells are drilled into the 
underlying artesian aquifers. The Upland Deposits are not 
considered a reliable source of water because of their rela
tive thinness, limited saturated thickness (particularly dur
ing prolonged drought), and dissected topography which 
causes water to drain from the aquifer as small springs (Otton, 
1955, pI. 3). Also, the water is naturally irony and is vulner
able to contamination, particularly elevated concentrations 
of chloride, nitrate, and agricultural chemicals. Likewise, 
the Lowland Deposits are not viewed as an important source 
of water. Otton (1955, p. 105) reports that the basal sand 
and gravel unit is commonly less than 20 ft thick; the water 
often has an irony or "otherwise unpleasant" taste; and the 
aquifer may be vulnerable to salt-water intrusion from nearby 
estuaries, if heavily pumped. 

In the ground-water flow model of Chapelle and 
Drummond (1983, p. 43), the Surficial Aquifer is treated as 
a constant head boundary that provides recharge to under
lying aquifers by vertical leakage through the Upper Con
fining Bed (tab. 2). Chapelle and Drummond (1983, p. 43) 
observed that hydrographs of water-table wells in southern 
Maryland indicate that over the long-term water levels re
main relatively constant, although short-term variations oc
cur reflecting cyclical changes in precipitation and evapo
transpiration. Otton (1955, p. 145) examined 16 observa
tion wells (6 to 58 ft deep) in the Surficial Aquifer with 
records of 3Y2 to 6 years . Measured water levels ranged from 
less than 2 ft to over 50 ft below land surface, possibly re
flecting local, perched conditions in some cases. For the 
period of record, the average water-level fluctuation in the 
16 wells was 6.6 ft , ranging from a minimum of l.6 ft to a 
maximum of 19 ft. 

UPPER CONFINING BED 

Nomenclature and Lithology 

With the exception of a relatively thin sandy unit at its 
base, the Chesapeake Group (undivided) defines the Upper 
Confining Bed in this report (tab. 2). In Calvert and 
St. Mary 's Counties the Chesapeake Group consists of three 
marine formations, from oldest to youngest, the Calvert 
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Formation, Choptank Formation, and St. Mary 's Formation. 
These units were originally established using biostratigraphic 
data, chiefly molluscan fossils (Shattuck, 1907a; 1907b), 
and are difficult to recognize in well logs. In this report the 
formations of the Chesapeake Group are undifferentiated 
hyclrogeologically. Glaser (1971) and Ferguson (1953) de
scribed the lithologic character of the three formations as 
follows : 

Formation Lithologic Character 

St. Mary's Interbedded bluish gray silt-clay and fine 
argillaceous sand ; glauconite in part; 
fossi liferous 

Approximate 
Thickness Cft.) 

o to 50 

Choptank Interbedded bluish gray to gray ish green 30 to 100 

Calvert 

silt-clay and abundantly fossili ferous, 
fine to medium sand 

Olive gray to oli ve brown, fine argillaceous 150 
sand , silt, and clay; diatomaceous in lower 
part. Basal 10 to 20 feet locall y consists of 
fine to medium sand with some gravel and 
phosphate pebbles, and shell fragments 

Additional sedimentologic and mineralogic information 
is reported by McCartan (1989). A lithologic description of 
the Calvert Formation cored at Solomons (CA Gd 60) is 
included in Appendix B of this report (from Gibson and 
Andrews, 1994, p. 21-28). 

Areal Extent and Thickness 

As shown in cross-section A-A' and B-B' (pIs. 1 and 
2), the Upper Confining Bed is present beneath the entire 
two-county area (fig. 3). In general the unit thickens from 
northwest to southeast, as younger beds wedge into the top 
of the section. This angular relationship can be observed by 
correlating the diatomaceous unit at the base of the Upper 
Confining Bed. Correlation of the diatomaceous beds in the 
subsurface is facilitated by an unusual geophysical log as
pect that combines a low gamma-radiation trace with low 
electrical resistivities . This characteristic reflects its fine
grained, siliceous (rather than clayey) lithology. For example, 
at Prince Frederick (CA Db 47)1 in central Calvert County 
the base of the diatomaceous unit is about 85 ft below sea 
level and the thickness of the Upper Confining Bed is about 
215 ft (pI. 1). In contrast the Upper Confining Bed has 
thinned to approximately 115 ft in well CA Bb 27, located 
near Dunkirk in the northern part of the county, where the 

1 A table of selected well records is contained in Appendix A. The table 

includes wells shown in plates 1 and 2, wells li sted in Appendixes E and 

F (major users with ground-water appropriation permi ts), and selected 

water- level observat ion well s. 
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base of the diatomaceous unit occurs above sea level. Simi
lar up-dip changes in thickness can be observed in St. Mary's 
County, for example, between Great Mills (SM Ef 56) and 
Charlotte Hall (SM Bb 26) (pI. 2). This general pattern is 
modified locally because the base of the overlying Surficial 
Aquifer may be deeply channeled in places, particularly 
beneath the Lowland Deposits that underlie the Chesapeake 
Bay estuaries and contiguous land areas (figs. 2, 3). Thus, 
the Upper Confining Bed is thinner at Solomons (CA Gd 60) 
than at Chesapeake Ranch Estates (CA Fd 71) (pI. 1). 

Hydrologic Properties 

As Chapelle and Drummond (1983, p. 14) noted, the 
confining beds in Calvert and St. Mary 's Counties are im
pOltant because they limit leakage between aquifers and store 
significant quantities of water. Leakage is controlled by the 
thickness and vertical hydraulic conductivity2 of the con
fining beds. Chapelle and Drummond (1983, tab. 2) com
piled from several sources vertical hydraulic conductivities 
determined by laboratory analysis of core samples. Six val
ues for the Chesapeake Group range from 5.9 x 10.5 ftld to 
2.5 x 10.2 ftld (Hansen, 1977; Kapple and Hansen, 1976; 
Williams, 1979). The actual values used in Chapelle and 
Drummond's ground-water flow model were established 
through calibration procedures and fell within 8.6 x 10.5 to 
8.6 x 10.6 ftld, except for channeled areas where higher val
ues were assigned to accommodate infilled deposits of sand 
and gravel (Chapelle and Drummond, 1983, p. 45). Will
iams (1979, p. 29) assigned vertical hydraulic conductivity 
values ranging from 8.6 x 10.4 ftld to 8.6 x 10.8 ftld to the 
Upper Confining Beds. The ground-water flow model de
scribed in this report used a global value of 10.4 f tld . 

In the absence of laboratory or field data, the specific 
storage3 of the Chesapeake Group is usually estimated in 
modeling studies and then calibrated by trial-and-error reit
eration. Chapelle and Drummond (1983) used a specific stor
age of 10.5 ft·l. Williams (1979) used a value of 6.0 x 10.6 fr l 
for the Chesapeake Group, citing multi-layer aquifer test 
data obtained near Dover, Delaware (Leahy, 1976). The 
model (McDonald and Harbaugh, 1988) used in this report 
assumes steady-state leakage across the confining bed and 
therefore does not require confining-bed specific storage as 
input. 

2 Hydraulic conductivity is the volume of water at the ex isting kinematic 

viscosity that will move in unit time under a un it hydrauli c gradient 

through a unit area of the porous medium (Lohman and others, 1972). 

3 Specific storage is the volume of water released from or taken into stor

age per unit vo lume of the porous medium per unit change in head 

(Lohman and others, 1972). 
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PINEY POINT-NANJEMOY AQUIFER 

Nomenclature 

The Piney Point-Nanjemoy aquifer is stratigraphically 
complex and includes several geologic units that have 
stacked, sand-on-sand contacts (tab. 2). From youngest to 
oldest these units consist of basal strata of the lower to middle 
Miocene Chesapeake Group (Calvert Formation); unnamed, 
upper Oligocene(?) beds that may cOlTelate with Ward 's 
(1985) Old Church Formation; the middle Eocene Piney 
Point Formation; and the sandy, upper part of the lower 
Eocene Nanjemoy Fonnation. Generally speaking, the Piney 
Point aquifer of Williams (1979) and the Piney Point
Nanjemoy aquifer of Chapelle and Drummond (1983) in
clude all of these units, although not explicitly stated in their 
reports. 

Olsson, Miller, and Ungrady (1980) studied microfos
sil assemblages from several wells in southern Calvert and 
St. Mary's Counties and identified upper Oligocene strata, 
which they assigned to the "Piney Point" Formation. How
ever, as Ward (1985, p. 46) pointed out, the upper Oligocene 
beds described by Olsson, Miller, and Ungrady (1980) ap
pear to overlie the Piney Point Formation (Otton, 1955) at 
its type locality (well SM Fe 31, pI. 2). For this reason the 
upper Oligocene beds are left unnamed and the middle 
Eocene age of the Piney Point Formation is retained. Both 
are included in the Piney Point aquifer. 

Lithology 

Basal Beds of the Chesapeake Group 
(Calvert Formation) 

The Chesapeake Group is assigned to the upper confin
ing bed, except for sandy beds at the base of the Calvert 
Fonnation that are hydraulically connected to the underly
ing Piney Point-Nanjemoy aquifer. The basal beds are gen
erally 10 to 20 ft thick and consist of yellowish green to 
greenish light gray, slightly glauconitic, fine to medium, 
quartz sand; in places the basal beds contain shell fragments, 
phosphate pebbles, and fine gravel (Ferguson, 1953, p. 35; 
Gibson, 1983, p. 43). The basal beds of the Calvert Forma
tion unconformably overlie older Oligocene(?) and Eocene 
units and represent a major early Miocene marine transgres
sion. Gibson (1982, p. 10) has observed at some sites two 
relatively thin, transgressive sands with similar lithologic 
characteristics. This occurrence may account for the dual 
gamma-ray log signature found in some well logs (e.g., 
SM Fe 31 , pI. 2), although the presence of underlying up
per Oligocene(?) strata of similar lithology may also ac
count for the second spike. Gamma-radiation spikes exceed
ing background levels are often associated with authigenic 
minerals , such as phosphate pellets and glauconite that form 
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by chemical processes on the sea-floor during periods of 
slow detrital sedimentation. Trace amounts of radioactive 
elements (uranium, thorium, and potassium) are incorpo
rated into these minerals (Miller, 1982, p. 10; Woodruff, 
1976, p. 39) producing characteristic gamma-radiation traces 
that can be used to correlate strata from well to well (pIs. 1, 
2). Thin beds ("condensed sections") containing relatively 
high percentages of authigenic minerals are significant be
cause of their association with depositional hiatuses , stratal 
unconformities, and marine transgressions (Loutit and oth
ers, 1988, p. 186; Amorosi, 1995, p. 419). 

Unnamed upper Oligocene(?) beds 

Based on the work of Olsson, Miller, and Ungrady 
(1980); Ward (1985); and Mixon and others (1989) it seems 
apparent that a thin interval of late Oligocene(?) age occurs 
near the top of the Piney Point-Nanjemoy aquifer at some 
places in Virginia and adjacent parts of Maryland. Ward 
(1985) has described 1- to 1.5-ft thick outcrop sections of 
the Old Church Formation at two sites in Maryland along 
the Patuxent River. At its type locality in Virginia, Ward 
(1985, p. 51) describes the unit as a 3-ft thick, grayish-ol
ive, clayey, slightly glauconitic, fossiliferous quartz sand. 
Elsewhere he has noted the occurrence of phosphatic clasts 
(pebbles, bone, teeth) in the formation. Mixon and others 
(1989, p. A25) cored the Old Church Fonnation at a site 
near Haynesville, Virginia about 17 miles southwest of Piney 
Point, Md4 

. The unit is 4 ft thick and consists of coarse, 
clayey, slightly glauconitic, fossiliferous olive-gray sand 
containing fine pebbles of phosphate. However, Gibson and 
Bybell (1994) failed to observe any Oligocene microfossils 
in the Solomons core hole (CA Gd 60) (Appendix B). Olsson, 
Miller, and Ungrady (1980, fig. 3) propose that the upper 
Oligocene beds thicken downdip, as suggested on cross-sec
tion B-B' (pI. 2) between Piney Point (SM Fe 31) and Point 
Lookout (SM Gh 8). 

Because the upper Oligocene unit is thin and patchy, it 
is difficult to map in the subsurface using routinely avail
able sample descriptions and geophysical logs. Conse
quently, in this report the upper Oligocene beds and the basal 
Calvert Formation are treated as one mapping unit, defined 
by a prominent gamma-ray log signature. Although sepa
rated from the underlying middle Eocene Piney Point For
mation by a significant unconformity, the three formations 
are hydraulically connected across sand-on-sand contacts, 
fonning a single aquifer (Piney Point aquifer). 

., The Haynesville core hole is located in Richmond County, Va. 0.65 mile 

northwest of Haynesville at lat. 3r 57' 13" N, long. 76° 40' 26" W (Mixon 

and others, 1989, p. A2; fig. I). 



Middle Eocene Piney Point Formation 

Otton (1955) first applied the name Piney Point For
mation to a sequence of shelly, glauconitic sands underly
ing the Calvert Formation in southern Calvert County and 
St. Mary's County. Initially considered late Eocene in age 
(Overbeck, 1951), the Piney Point Formation is now assigned 
to the middle Eocene (Brown, Miller, and Swain, 1972). It 
ranges in thickness from 0 ft to about 90 ft at Point Lookout 
(pI. 2); typically, it includes carbonate-cemented interbeds 
of sand and shelly sand that range up to about 5 ft in thick
ness. Otton (1955) designated a well at Piney Point, Md. 
(St. Mary's County) as the formation's type locality. Al
though the site was not cored, the cuttings described by Otton 
(1955 , p. 305) were bailed from a cable-tool (cased) well 
(SM Fe 24) and are considered representative: 

Depth 
Description Interval (ft.) 

Sand, medium-grained, slightly clayey, mottled gray 
to grayish green; quartz grains fine to coarse, clear, 
yellow and brown; glauconite light green to brown , 
medium; pyrite , fine, rare; agglomeratic quartz and 
glauconite grains cemented by calcite ("rock" 
of drillers) 220-230 

Sand, medium-grained , monIed gray to grayish green; 
quartz grains as above, subrounded to rounded; small 
pelecypod shells common; glauconite, oblate to 
botryoidal , green, light green, and brown; pieces 
indurated rock common 230-240 

Sand, medium-grained, monIed gray to yellowish gray; 
glauconite, fme- to medium-grained, botryoidal to 
irregular; rock agglomerates common; small pelecypod 
shells 240-250 

Sand, medium- to coarse-grained, mottled gray to 
grayish green, glauconitic; rock agglomerates common; 
forams common; small shell fragments common 250-260 

Sand, medium- to coarse-grained, as above, glauconitic; 
quartz grains sub rounded to rounded, yellow, clear , 
and pale brown; glauconite , botryoidal to irregular , 
green and olive-green; pyrite common; rock 
agglomerates common; few large forams 260-270 

The Piney Point Formation at Solomons (CA Gd 60) is 
about 45 feet thick and consists of interbedded, fine to me
dium quartzose sand and calcareous sandstones (Gibson and 
BybelJ , 1994, p. 9) (Appendix B) . The beds have a 
bioturbated aspect and are light olive-gray to dusky yellow
green; glauconite content varies from 5 to 20 percent. Clam 
shells and molds are abundant. Gibson and Bybell (1994, p. 
9) also observed that amber and brown coarse sand and fine 
gravel occur in the lower beds of the Piney Point Formation 
at Solomons (Appendix B). 

The Piney Point Formation overlies lower Eocene beds 
of the Nanjemoy Formation. Otton (1955) thought the units 
were conformable, representing an uninterrupted period of 
coarsening upward deposition. In the Solomons core hole 
(CA Gd 60) neither the upper or lower contacts were recov
ered. In the absence of core material the nature of the lower 
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contact remains uncertain. On geophysical logs the contact 
with the Nanjemoy Formation is relatively abrupt, imply
ing at least a minor depositional hiatus or unconformity. 

Upper Part of the Lower Eocene Nanjemoy 
Formation 

Although consisting of several depositional cycles sepa
rated by disconformities (Gibson and Bybell, 1994), the 
Nanjemoy Formation coarsens upward overall from domi
nantly sandy silts and clays to dominantly clayey sands, 
permitting it to be subdivided into two hydrostratigraphic 
units. The sandy upper Nanjemoy Formation is hydrauli
cally connected to the overlying Piney Point Formation and 
following Chapelle and Drummond (1983) is assigned to 
the Piney Point-Nanjemoy aquifer. The more clayey sedi
ments in the lower part of the Nanjemoy Formation are 
placed in the Middle Confining Bed. The hydrostratigraphic 
contact at the base of the Piney Point-Nanjemoy aquifer is 
somewhat arbitrarily drawn in cross-sections A-A' and B
B' (pIs. 1 and 2) using geophysical log correlations. Gibson 
and Bybell (1994, p. 5) also subdivide the Nanjemoy For
mation into two members, but placed the contact lower us
ing biostratigraphic and sedimentologic criteria. 

Otton (1955, p. 305) described the Nanjemoy Forma
tion in the Piney Point type well (SM Fe 24) as follows: 

Description 

UPPER PART 

Sand , clayey , grayish olive; quartz grains commonly 
pale brown and yellow, subrounded; glauconite 
abundant , oblate to irregular , brown to dark green, 
shiny; forams scarce; pyrite very scarce 

Sand, clayey , grayish olive; brown to yellow quartz 
grains very common; brown irregular to botryoidal 
glauconite very common; small forams, rare 

Sand, clayey, olive brown ; brown sub rounded to 
rounded quartz grains common; brown and dark 
green botryoidal glauconi te common; small forarns , 
rare 

LOWER PART 

Clay, sandy , dark greenish gray; quartz, coarse-grained, 
subrounded, green, clear , and brown , dull to moderate 
lustre ; glauconite , green-black, botryoidal , coarse
grained, abundant; small amount oblate brown glau
conite; sponge spicules rare; few forarns; pyrite , 

Depth 
Interval (fr.) 

270-280 

280-290 

290-300 

fine , rare 300-340 

Clay , sandy , dark greenish gray; quartz, as above, 
slightly coarser, pale green, clear , white and yellow; 
glauconite , green-black; pyrite , fine, rare ; sponge 
spicules rare ; few large forams ; mica rare 340-360 

Clay , sandy, dark greenish gray, and clay, pale yellowish
brown; glauconite , green-black, botryoidal , coarse; 
pyrite , fine , rare; few pieces pink calcite; forams rare 360-380 

Clay , sandy , dark greenish gray , similar to above; few 
pieces of " rock" ; forams rare 380-390 
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Gibson and Bybell (1994, p. 8) repOited that the upper 
part of the Nanjemoy Formation at Solomons consists of 
grayish-green clayey, fine to medium sand with relatively 
thin, sandy clay intervals . Glauconite varies from less than 
10 percent to as much as 50 percent. The beds are highly 
bioturbated, but few shells are present. At Solomons the 
coarse clastic component of the upper Nanjemoy Forma
tion includes polished, amber to brown grains (probably iron
stained quartz, phosphate, and/or goethite). 

In the Haynesville, Virginia core hole (fig. I), Mixon 
and others (1989, p. A2l) observed that the greenish gray to 
olive black lower member of the Nanjemoy Formation is a 
cohesive, very poorly sorted, clayey and silty glauconitic 
sand and sandy clay-silt. The upper member is mainly dark 
olive gray, fine to coarse, sparsely shelly, glauconitic quartz 
sand that is coarser, less glauconitic, and more micaceous 
than the lower member of the Nanjemoy Formation. 

Areal Extent and Thickness 

The structure of the Coastal Plain sediments to a large 
degree controls the areal extent of the Piney Point -Nanjemoy 
aquifer. The Coastal Plain units dip gently to the southeast 
(fig. 5) with the deeper formations generally dipping more 
steeply than the shallower formations. As a result, the units 
of the Piney Point-Nanjemoy aquifer are truncated by low
angle unconformities occurring at the base of the Chesa
peake Group or upper Oligocene(?) deposits (pIs. 1 and 2). 

The Piney Point aquifer is thickest (130 ft) at Point 
Lookout (fig. 4) where the upper Oligocene(?) beds and the 
Piney Point Formation attain their maximum thickness in 
southern Maryland. The Piney Point aquifer thins up-dip 
diminishing to 60 to 70 ft at Lexington Park, 45 to 50 ft at 
Solomons, 35 to 45 ft at Leonardtown , and about 5 ft at 
Prince Frederick (pis. 1 and 2, fig . 4). The approximate limit 
of the Piney Point aquifer trends southeasterly through cen
tral Calvert County and northern St. Mary 's County (fig. 4). 
The upper Oligocene(?) and basal Miocene beds at the top 
of the Piney Point aquifer extend north of this line, but in 
the absence of the Piney Point Formation are too thin and 
patchy to define a primary aquifer. 

Although most high-capacity wells pumping from the 
Piney Point-Nanjemoy aquifer are actually screened in the 
Piney Point Formation, Williams (1979) and Chapelle and 
Drummond (1983) included the upper part of the Nanjemoy 
Formation in their ground-water models because the units 
are hydraulically connected. Figure 4 shows the approxi
mate cumulative thickness of sands in the Nanjemoy For
mation determined by geophysical logs. Like the Piney Point 
Formation, the upper part of the Nanjemoy Formation is 
truncated up-dip by Oligocene( ?) and Miocene 
unconformities. In cross-sections A-A' and B-B' (pIs. I and 
2), it is evident that most, if not all, of the upper part is 
absent in northern Calvert (CA Bb 27) and St. Mary's Coun-
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ties (SM Bb 26). In those areas (and adjacent parts of 
Charles, Prince George's, and Anne Arundel Counties) the 
cumulative sand thicknesses shown on figure 4 character
ize the lower Nanjemoy Formation whereas for the rest of 
St. Mary 's and Calvert Counties the cumulative sand thick
nesses for the upper part are shown. 

The Nanjemoy Formation as a whole exhibits a ten
dency in southern Maryland to become more sandy to the 
northeast. For example, at sites along the Potomac River in 
southern St. Mary's County the upper part has cumulative 
sand percentages in the range of 0 to 5 ft , but in Calvert 
County at sites along the Chesapeake Bay sand thicknesses 
have increased to 20 to 30 ft. Likewise, the lower part, which 
is nearly devoid of sand beds in Charles County, changes to 
a more sandy facies in northern Calvert County and south
ern Anne Arundel County where cumulative thicknesses 
increase to 10 to 20 ft (fig. 4). In Calvert County north of 
the Piney Point truncation many domestic wells have been 
completed in the upper part of the Nanjemoy Formation as 
an option to drilling to the deeper Aquia aquifer (Drummond, 
1984). 

Hydrologic Properties 

Williams (1979, pI. 5) reported six pumping tests for 
the Piney Point-Nanjemoy aquifer in Calvert and St. Mary's 
Counties southeast of the Piney Point truncation. Transmis
sivity5 values derived from these tests range between 275 
and 690 ff/d. Williams (1979) supplemented these data with 
about 90 values estimated from specific capacities6 derived 
from well completion reports; these values ranged from 125 
to 740 ft2/d. A similar transmissivity distribution is used to 
model the Piney Point-Nanjemoy aquifer in this report. 
Williams (1979, pI. 5 and fig. 5) pointed out that the high
est transmissivity values (in south central Calvert County) 
did not correspond to the thickest part of the aquifer (in south
ernmost St. Mary 's County). Because transmissivity is the 
product of thickness and hydraulic conductivity, the incon
gruence may be explained by differences in aquifer texture 
that affect the latter characteristic. For example, thicker and 
more frequent occurrences of cemented strata would sig
nificantly reduce transmissivity. Likewise, a downdip change 
to finer sands with more clayey matrix would adversely af
fect transmissivity even though the aquifer increased in thick
ness. Chapelle and Drummond (1983, fig. 10) modified 
Williams' map to show that nOith of the truncation line trans-

5 Transmiss ivity is the rate at which water o f the prevailing kinemat:ric 

viscosity is transmitted th rough a unit width of the aquifer under a unit 

hydraulic gradient (Lohman and others, J 972). 

6 Specific capacity of a well is the rate of di scharge of water from the well 

di vided by the drawdown of water level in the well (Lohman and others, 

1972). It vari es slowly with duration of di scharge which should be Slated. 
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missivities of the Piney Point-Nanjemoy aquifer decrease 
to less than 100 ft2/d. In these areas the aquifer consists solely 
of basal Miocene and upper Oligocene(?) beds and/or the 
upper part of the Nanjemoy Formation. 

Few storage coefficient? values for the Piney Point
Nanjemoy aquifer in southern Maryland have been deter
mined. Hansen (1972) suggested a range of 0.0003 to 0.0004. 
Williams (1979, p. 13, 28) reported a range of storage coef
ficient values of 0.00009 to 0.0004, but used a global value 
of 0.0003 for his ground-water flow model. The same value 
is used in this report. Chapelle and Drummond (1983, p. 23, 
44) calculated a storage coefficient of 0.0004 from a multi
well pumping test near Leonardtown in St. Mary's County 
and used that value throughout their ground-water flow 
model. 

MIDDLE CONFINING BED 

Nomenclature 

The Middle Confining Bed consists of the lower part 
of the Nanjemoy Formation (lower Eocene) and the under
lying Marlboro Clay (upper Paleocene) (tab. 2). Formerly, 
the Marlboro Clay was thought to be early Eocene in age 
and was considered a member of the Nanjemoy Formation 
(Darton, 1948). However, because the pinkish facies of the 
Marlboro Clay is easily recognizable and widely distrib
uted, Glaser (1971, p. 14) elevated it to formational rank. 
Ward (1985, p. 25) reviewed the micropaleontologic evi
dence and assigned the Marlboro Clay to the upper Paleo
cene, although recognizing that the Eocene-Paleocene 
boundary may occur within the unit (Gibson and others, 
1980, p. 24). 

Lithology and Thickness 

The Marlboro Clay occurs at the base of the Middle 
Confining Bed. The Marlboro varies in thickness from 0 to 
30 ft and is described by Glaser (1971, p. 14) as a silvery
gray to pale-red plastic clay interbedded with subordinate 
yellowish gray to reddish silt; he notes that where the unit is 
relatively thick the reddish-brown facies typically occurs in 
the middle portion. The contact between the Marlboro Clay 
and the underlying Aquia Formation is transitional with 
greenish glauconitic sand observed in cores to be 
interlaminated with light brown or silvery gray clay (Glaser, 
1971 , p. 14; Hansen, 1977, p. 9; Reinhardt, Newell, and 
Mixon, 1980, fig . 5). The upper contact with the Nanjemoy 

7 Storage coefficient is the volume of water released from or taken into 

storage per unit sUiface area of an aquifer per unit change in head (Lohman 

and others, 1972). 
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Formation is an erosional unconformity, often disrupted by 
fossil burrow tubes (Glaser, 1971, p. 14; Gibson and Bybell, 
1994, p. 9). 

The lower part of the Nanjemoy Formation is predomi
nantly a pale-gray to greenish gray, glauconitic, very fine, 
muddy sand to sandy clay. It ranges in thickness from about 
45 to 170 ft. On geophysical logs it has few recognizable 
sand beds, except in northern Calvert County and southern 
Anne Arundel County where cumulative sand thicknesses 
increase to as much as 20 ft (fig. 4). In the Solomons core 
hole (CA Gd 60) the lower beds of the Nanjemoy Forma
tion are dark greenish black to olive black sand to silty clay 
with occasional, fine sandy intervals. It is highly bioturbated, 
but no shells were described. Glauconite is abundant and 
may comprise most of the sand fraction (Gibson and Bybell, 
1994, p. 8). 

Areal Extent 

The areal extent of the Middle Confining Bed in Calvert 
and St. Mary's Counties is controlled by the structure of the 
Coastal Plain and facies changes in the Nanjemoy Forma
tion and Marlboro Clay. In cross-sections A-A' and B-B' 
(pIs. 1 and 2), the Middle Confining Bed deepens and thins 
southeastwardly, reflecting depositional and structural pat
terns associated with the south flank of the Salisbury 
embayment (a major subsUIface basin underlying the Mary
land coastal plain) (Hansen, 1978). For example, in 
St. Mary ' s County the unit is about 200 ft thick at 
Charlotte Hall and only 70 ft thick at Piney Point; in Calvert 
County a similar southeastwardly change occurs between 
Randle Cliff Beach (170 ft) and Solomons (110ft) (fig. 6). 
Contributing to the increased thickness of the Middle Con
fining Bed in northern St. Mary's County and adjacent 
Charles County is a clayey facies change in the upper 
Nanjemoy beds, which causes these strata to function hy
draulically like the lower beds . 

At up-dip localities like La Plata (CH Ce 51), Dunkirk 
(CA Bb 27), and Bristol (AA Fd 49) the Upper Confining 
Bed (Chesapeake Group) rests directly on the Middle Con
fining Bed (lower Nanjemoy Formation) due to erosional 
truncation of the Piney Point-Nanjemoy aquifer. At these 
sites the Aquia aquifer is overlain by a composite confining 
bed (pIs. 1 and 2) (fig. 6) . 

In St. Mary 's County south of Lexington Park the red
dish-pink facies of the Marlboro Clay thins and is often 
missing from the stratigraphic section . In its absence the 
base of the Middle Confining Bed is difficu lt to map par
ticularly south of Kitts Point (SM-Ff 36) and St. James 
(SM Eg 28) (pis . 1 and 2) where the Aquia aquifer thins and 
changes to a clayey facies . At Point Lookout (SM Gh 8), 
for example, where the Aquia aquifer is absent, the middle 
and lower confining units have merged to hydraulically sepa
rate the overlying Piney Point-Nanjemoy aquifer from un-
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derlying lower Cretaceous sands of the Patapsco Formation 
(pI. 2, fig. 6). 

The thickness and areal extent of the Middle Confining 
Bed mapped by Chapelle and Drummond (1983, fig. 6) dif
fers from figure 6 because apparently they included much 
of the upper Nanjemoy Formation in their confining unit, 
whereas in this report it includes only the lower Nanjemoy 
Formation and Marlboro Clay. Thicknesses of the Middle 
Confining Bed and upper Nanjemoy Formation are displayed 
separately in figure 6. 

Hydrologic Properties 

The Marlboro Clay is usually much "tighter" than the 
sandy clays and muddy sands of the Nanjemoy Formation, 
although few laboratory tests for vertical hydraulic conduc
tivity have been performed. Kapple and Hansen (1976, p. 22) 
reported a range from 6.8 x 10-2 ftld to 6.6 x 10-3 ftld for the 
Nanjemoy Formation at Kent Island (Queen Anne's County), 
which may be representative of southern Maryland as well. 
On the other hand, laboratory values of vertical hydraulic 
conductivity for the Marlboro Clay in southern Maryland 
have been consistently lower: 2.6 x 10-5 to 4_5 X 10-4 ftld 
(Kapple and Hansen, 1976, p. 22); 9.5 x 10-5 to 4.5 X 10-4 ft/d 
(Hansen, 1977, p. 8); and 5.8 x 10-5 to 9.5 X 10-4 ftld (Chapelle 
and Drummond, 1983, p. 14). Generally, the tightest unit is 
considered to be the effective factor controlling velticalleak
age. Ground-water flow models described by Chapel\e and 
Drummond (1983) and Kapple and Hansen (1976) were 
calibrated using vertical hydraulic conductivity values of 
8.6 x 10-5 to 8.6 X 10-6 ftld, and 1.4 x 10-5 ftld, respectively. 
A value of 5 x 10-4 ftld is used in this report. 

Specific storage values assigned to the Middle Confin
ing Bed in the ground-water models described by Chapelle 
and Drummond (1983) and Kapple and Hansen (1976) are 
10-5 ft- I and 7.6 x 10-5 ft- I, respectively; Hansen (1977) re
ported laboratory-derived values for the Marlboro Clay of 
10-5 to 1.1 X 10-4 ft-I. No input is required in the model 
(McDonald and Harbaugh, 1988) used in this report because 
it assumes steady-state flow through the confining beds. 

AQUIA AQUIFER 

Nomenclature 

In this report the Aquia aquifer correlates with the up
per Paleocene Aquia Formation (Hansen , 1974), which in 
earlier reports was named the Aquia greensand because of 
the near ubiquitous occurrence of the mineral glauconite 
(Overbeck, 1951; Ferguson, 1953; Otton , 1955); lower Pa
leocene beds in southern Maryland are thin and consist 
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largely of silty, fine to very fine sandy strata assigned to the 
Brightseat Formation. In this report the Brightseat Forma
tion is included in the Lower Confining Bed. Elsewhere in 
Maryland (for example, on the upper Eastern Shore) the early 
Paleocene section is thicker and more sandy. Thus, in Kent 
County and Queen Anne 's County (located east of Chesa
peake Bay) the Aquia aquifer consists of both the Aquia 
Formation and the underlying Hornerstown Formation, a 
possible coeval facies of the Brightseat Formation of south
ern Maryland (Drummond, 1988; Hansen, 1992; Hansen and 
Drummond, 1994). 

Lithology 

Generally speaking, the Aquia Formation is a poorly to 
well sOlted, variably shelly and glauconitic quartz sand, 
containing thin calcareously cemented sandstone and shell 
beds (Mixon and others , 1989, p. A 7). The indurated beds 
("ledges") are usually 1 to 3 ft thick (Wright and Huffman, 
1979). The Aquia Formation was deposited on a shoaling 
marine shelf, resulting in an overall coarsening upward li
thology(Drobnyk, 1965 ; Glaser, 1971 , p. 13). For example, 
in the Haynesville, Virginia core-hole (Mixon and others, 
1989, p. A9) the lower quarter of the Aquia consists mainly 
of poorly sorted, light to dark olive gray, clayey, fine to 
medium glauconitic quartz sand, weakly cemented in part. 
On the other hand, the upper three-quarters of the Aquia is 
described by Mixon and others (1989, p. A12) as consisting 
of moderately to well-sorted, medium to coarse, glauconitic 
sand. These beds have a "salt and pepper" or speckled ap
pearance due to the mix of light colored quartz grains and 
greenish to blackish glauconite grains; a yellowish brown 
aspect is imparted by the relative abundance of iron-stained 
grains and brownish goethite pellets , which characterizes a 
sandbank facies of the upper Aquia Formation (Hansen, 
1974, p. 44) . 

In the Solomons core hole the Aquia Formation is about 
ISO feet thick (Appendix B) . Gibson and Bybell (1994, p. 
7) noted that the lower part is "commonly clayey, fine grained 
sand containing some si lty, sandy clay intervals. The middle 
and upper part is somewhat coarser grained, containing fine 
to medium sand, which is only slightly clayey." They fur
ther describe that "thin , shelly sandstone beds are common 
throughout the fOlmation. Glauconite occurs throughout the 
formation, varying in abundance from several percent to as 
much as 50 percent. Goethite grains also are common in the 
upper part of the formation, where they may comprise 10 to 
20 percent ofthe sand fraction. Quartz grains may be stained 
green or orange. Shells, particularly thick-shelled clams, are 
scattered throughout the formation. The Aquia has a bur
rowed contact with the underlying Brightseat Formation" 
(Appendix B). 



Areal Extent and Thickness 

The Aquia aquifer underlies all of Calvert County and, 
except for the Point Lookout area, all of St. Mary's County. 
It dips southeasterly, the top increasing in depth, for ex
ample, from 265 ft below sea level at Charlotte Hall to 430 
ft below sea level at Lexington Park (fig. 7). In southern 
Maryland the Aquia aquifer is thickest (and generally coars
est) in a lobate area covering southern Anne Arundel County, 
northern and central Calvert County, and adjacent parts of 
St. Mary's County (fig. 8) . Within this area, which gener
ally defines the sandbank facies of Hansen (1974, fig. 27) , 
the thickness of the Aquia aquifer ranges from about 125 ft 
to over 200 ft. The Aquia aquifer continues to thicken north
eastward where in Talbot and Queen Anne's Counties it 
approaches 250 ft. In part this is due to the composite nature 
of the Aquia aquifer in these areas where the Aquia Forma
tion and underlying Hornerstown Formation are hydrauli
cally connected. It is conceivable that in some western shore 
areas, particularly where the Aquia aquifer approaches 200 
ft in thickness, unrecognized lower Paleocene beds of the 
Hornerstown Formation occur at the base of the section, 
although this has not been confirmed biostratigraphically. 

South of Piney Point and St. Mary's City in St. Mary 's 
County (and seaward of the sandbank facies), the Aquia 
aquifer thins as the formation grades into a dominantly silt! 
clay facies (pI. 2 and fig. 8). For example, at Kitts Point 
(SM Ff 36) the Aquia aquifer is about 40 ft thick, while at 
Point Lookout (SM Gh 8) it is not recognizable on geophysi
cal logs. Apparently seaward of the sandbank facies the 
Aquia Formation grades into a thinner, very clayey facies 
characteristic of deeper-water deposition. Hydraulically, the 
Aquia Formation functions as a confining bed in southern
most St. Mary's County. 

West of the sandbank facies (e.g., in central Charles 
County) , the Aquia aquifer also thins (CH Ce 51 , pI. 2), al
though it still exceeds 100 ft in thickness. Here the sands 
are typically finer grained, more clayey and less well sorted 
(Hansen, 1974), suggestive of deposition in a protected 
marine shelf environment landward of the sandbank fac ies. 
Hydrologically, the Aquia functions as an aquifer, but is used 
only for domestic supplies in most areas of Charles County 
and adjacent Prince George's County. 

Hydrologic Properties 

Kapple and Hansen (1976, fig. 9) and Chapelle and 
Drummond (1983, fig. 5) presented maps showing the dis
tribution in southern Maryland of Aquia transmissivity val
ues derived from pumping tests. Their transmissivity maps 
show a general conformity to the Aquia thickness map 
(fig. 8) with values highest in areas where the aquifer is thick
est. Following the traverse of cross-section A-A' (pI. 1), for 
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example, transmissivities diminish southward from 1,330 
ft2/d near Randle Cliff Beach; 875 to 1,060 ft2/d near 
Scientists Cliffs; 935 ft2/d at the Calvert Cliffs Power Plant 
and Chesapeake Ranch Estates; to 755 ft2/d at Solomons. 
Except for the southernmost areas of St. Mary 's County 
where the Aquia aquifer is too clayey to produce much wa
ter, the reported transmissivities (like aquifer thickness) do 
not vary much. No pumping tests have been reported from 
northern St. Mary 's County, but data from adjacent Charles 
County may be representative; for example, Kapple and 
Hansen (1976, fig. 9) present values of 865 ft2/d and 665 
ft2/d for the Hughesville and Morgantown areas, respectively. 
Elsewhere in St. Mary's County, Chapelle and Drummond 
(1983, fig. 5) report transmissivities of 885 ft2/d at Holly
wood, 665 ft2/d at Leonardtown, 800 ft2/d at Lexington Park, 
850 ft2/d at Piney Point, and 670 to 750 ft2/d at St. Mary's 
City; further south at Kitts Point transmissivity is only 365 
ft2/d and at Point Lookout there is no screenable aquifer 
material. A similar distribution of transmissivity values is 
used in thi s report. 

Storage coefficient values of the Aquia aquifer in south
ern Maryland determined by pumping tests range from 
0.0001 to 0.0004 (Hansen, 1972). ChapeUe and Drummond 
(1983, p. 44) applied a global value of 0.0004 for the con
fined portion of the Aquia aquifer in their ground-water flow 
model. Kapple and Hansen (1976, p. 20) used a model-value 
of 0.0003, which was arbitrarily increased to 0.003 in south
ernmost St. Mary 's County where the Aquia changes to a 
clayey facies. A storage coefficient value of 0.0001 is as
signed to the Aquia aquifer in this report. 

LOWER CONFINING BED 

Nomenclature 

The confining bed underlying the Aquia aquifer is com
posed of several geologic units , which in places may also 
function as aquifers. These include the lower Paleocene 
Brightseat Formation and several Cretaceous units that are 
truncated by a major unconformity at the base of the Paleo
cene section . The Cretaceous units include, from youngest 
to oldest, the upper Cretaceous Monmouth, Matawan, and 
Magothy Formations; and the lower Cretaceous Patapsco 
Formation (cross-section A-A', pI. 1). In most areas of 
Calvert and St. Mary's Counties, one or more of the Creta
ceous units combine with the Brightseat Formation to form 
a composite confining bed of variable thickness, making 
con"elation between well sites difficult. Adding to the com
plexity of the Lower Confining Bed is the likelihood that 
the muddy, fine sands occurring at the base of the Aquia 
Formation are hydraulically indistinguishable from the un
derlying Brightseat Formation, although they are separated 
stratigraphically by an unconformity. 
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Lithology and Thickness 

The Lower Confining Bed consists of several geologic 
units and has a composite thickness ranging from about 20 
ft to 105 ft (fig. 9). The units comprising the Lower Confin
ing Bed are from youngest to oldest: 

Brightseat Formation 

Although relatively thin (up to about 25 ft), the 
Brightseat Formation is widely distributed in Calvert and 
St. Mary 's Counties (Ward, 1985, fig. 6). It is generally de
scribed as an olive gray to blackish, clayey, very fine to fine 
sand, commonly micaceous and/or phosphatic (Otton, 1955, 
p. 70; Glaser, 1968, p. 16; Ward, 1985, p. 6; Gibson and 
Bybell, 1994, p. 7). It can be differentiated from the overly
ing Aquia Formation by the absence or sparse occurrence 
of glauconite. The Aquia-Brightseat contact is a burrowed 
unconformity where Glaser (1968, p. 6) has observed phos
phatic granules and pebbles. Its contact with underlying Cre
taceous units is also unconformable and in places includes a 
basal layer of phosphatic clasts (Glaser, in Mack, 1974, 
p. 62) . Because the Brightseat is a thin formation bounded 
by unconformities where authigenic minerals such as phos
phate concentrate (Beauchamp, 1984), its gamma-ray log 
signature has a characteristic peak that is useful for correla
tion (pis. 1 and 2). In some wells, such as SM Ef 56 (pI. 2) 
and CA Fd 71 (pI. I) , primary and secondary peaks are ob
served, perhaps defining the formation 's upper and lower 
contacts. 

Matawan, Monmouth, and Magothy Formations 

The upper Cretaceous Matawan Formation and overly
ing Monmouth Formation are undifferentiated in this re
port. The combined thickness of the unit ranges from about 
o to 85 ft in Calvert and St. Mary 's Counties. It is chiefly a 
gray to grayish black, micaceous, sandy clay with subordi
nate clayey, fine sand. Thin (about 1 foot) siderite-cemented 
layers have been observed in the Matawan Formation, which 
tends to be less glauconitic than the sandier Monmouth For
mation. 

Clayey beds in the upper part of the Magothy Forma
tion are undifferentiated from the overlying Matawan For
mation in plate 1 (A-A') and may be included in the Lower 
Confining Bed. Because the Magothy Formation is chiefly 
a pebbly, medium to coarse sand, it primarily functions as 
an aquifer. The Magothy aquifer is hydraulically separated 
from the Aquia aquifer by the Lower Confining Bed. 

Patapsco Formation 

In Calvert and St. Mary's Counties the early Cretaceous 
Patapsco Formation offluvio-deltaic origin (Hansen, 1968) 
consists of complexly stratified sequences of anastomosing 
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channel sands and fine-grained overbank deposits. The 
Patapsco sands are mostly fine to medium-grained, with 
occasional coarse sands logged; grayish in color with some 
brownish iron-oxide staining; and chiefly quartzose, with 
lesser occun'ences of feldspar and mica. The Patapsco clays 
are gray and greenish gray, but often are mottled brown, 
maroon, red, and orange. Thin carbonaceous seams and blebs 
are common in the more clayey sediments (Hansen and 
Wilson, 1984, p. 24-25). Only the clayey strata at the top of 
the Patapsco Formation are included in the Lower Confin
ing Bed; these beds range in thickness from 0 to about 70 ft. 

Areal Extent 

From Anne Arundel County southward the Cretaceous 
units subcropping under the Brightseat Formation are pro
gressively truncated (Hansen, 1978, figs. 12, 13). In south
ern Anne Arundel County and northern Calvert County the 
Aquia aquifer is separated from the underlying Magothy 
aquifer by a confining bed consisting of more than 100 ft of 
undifferentiated Brightseat Formation, Monmouth Forma
tion, and Matawan Formation (fig. 9). As shown in cross
section A-A' (pI. 1), the Lower Confining Bed thins to less 
than 50 ft in the vicinity of Prince Frederick. Approximate 
truncation lines for the Monmouth and Matawan Forma
tions (undifferentiated) and Magothy Formation are shown 
on figure 9. In southern Calvert County the Lower Confin
ing Bed is relati vely thin and consists largely of the 
Brightseat Formation; south of the Magothy truncation line 
the Lower Confining Bed separates the Aquia aquifer from 
sands at or near the top of the Patapsco Formation. 

Most of St. Mary 's County is south of where the 
Monmouth, Matawan, and Magothy Formations terminate 
so that the thickness of the Lower Confining Bed varies 
depending upon whether the Brightseat Formation overlies 
a Patapsco clay or sand (fig. 9). Because the Magothy aqui
fer is present only in northernmost St. Mary 's County, the 
Lower Confining Bed separates the Aquia aquifer from 
Patapsco sands elsewhere in the county. 

Based on sparse biostratigraphic data from side-wall 
cores Hansen and Wilson (1984) suggested that at 
Lexington Park (SM Df 84, pI. I) an early Paleocene(?) 
hydrogeologic unit, the "Mattaponi (?) aquifer," occurs be
tween the Brightseat Formation and the Patapsco Forma
tion, possibly a marginal marine facies of the Brightseat or 
Hornerstown Formations. Meng and Harsh (1988) and 
Vroblesky and Fleck (1991) assigned these sands to the 
Brightseat aquifer, which cOiTelates across the Potomac River 
into the northern neck of Virginia. Later, however, biostrati
graphic data from continuous core holes drilled near 
Haynesville , Virginia (Mixon and others , 1989) and 
Solomons, Md. (CA Gd 60, pI. I) (Gibson and Bybell , 1994, 
p. 9) failed to corroborate the early Paleocene age of the 
aquifer. Both investigators reported finding plant microfos-
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sils associated with the Patapsco Formation. It is possible 
that the side-wall cores sampled by Hansen and Wilson 
(1984) were contaminated by up-hole (Paleocene) material 
during the coring process; if so, the in situ material must 
have been barren because no Patapsco floral assemblages 
were found. In any event the "early Paleocene(?)" aquifer 
of Hansen and Wilson (1984) , Meng and Harsh (1 988), and 
Vroblesky and Fleck (1991) is tentatively reassigned in this 
report to the Patapsco Formation. 

Hydrologic Properties 

Neither Kapple and Hansen (1976) or Chapelle and 
Drummond (1983) modeled leakage through the confining 
bed underlying the Aquia aquifer. Both ass umed it was a 
no-flow boundary. Although leakage was calibrated in both 
models using pumpage and water-level data neither one ac
tually specified the hydrogeologic characteri stics of the 
Lower Confining Beds. The recompiled ground-water flow 
model discussed in this report al so assigns a no-flow bound-

ary to the base of the Aquia aquifer. 
A few vertical hydraulic conductivity and specific stor

age values from consolidation tests of core samples have 
been reported . A Brightseat core from central Prince 
George's County yielded hydraulic conductivity and spe
cific storage values of 9 .5 x 10-4 ftld and 7.4 x 1O.5/ft , re
spectively (Hansen, 1977, p. 12). Mack (1974, tab. 3) re
ported hydraulic conductivities for the Matawan Formation 
in the Annapolis area ranging from 5.7 x 10-5 ft/d to 3.1 x 
10-4 ftld; a lithified Matawan core sample had a reported 
value of 2.5 x 10-5 ftld. Mack also repOited a hydraulic con
ducti vity value of 1.0 x 10-5 ft/d for a Patapsco clay sample . 
Mack and Achmad (1986, p. 37, 42) modeled the Magothy
Patapsco aquifer system in Anne Arundel County and cali
brated the model using hydraulic conductivities of 7.2 x 10.6 

to 8.6 X 10.6 ftld and a specific storage of 1O-5/ft for the 
Patapsco confining beds. Patapsco confining beds modeled 
by Wilson and Fleck (1990, p. 50) in Charles County were 
assigned leakance values (defined as hydraulic conductiv
ity divided by thickness) of 8.6 x 10-7 to 8.6 X 10-9 l/day. 

PUMPAGE 

Estimates of annual average pumpage from the Aquia 
and Piney Point-Nanjemoy aqu ifers for 1940 to 1949, 1980, 
and 1994 are listed in table 3 and Appendixes C and D for 
the counties included in the model area. The pumping rates 
for St. Mary's and Calvert Counties are shown in figures 10 
and II as bar graphs. Historical pumpage rates from 1945 
to 1994 (shown as decadal averages prior to 1970) and pro
jected 5-year withdrawal rates between 1995 and 2020 are 
displayed. 

In St. Mary's County and Calvert County, pumpage 
from the Piney Point-Nanjemoy by domestic users exceeds 
the withdrawal rate of major users (appropriated pumpage 
generally greater than 5,000 gallons per day). In 1940 to 
1949, 1980, and 1994, the amount pumped by major users 
ofthe Piney Point-Nanjemoy aquifer in Calvert County was 
0.008 Mgal/d, 0.21 Mgal/d and 0.25 Mgal/d, respectively; 
the aggregated pumpage by domestic and other minor users 
(generally less than 5,000 gallons per day) was 0.35 Mgal/d, 
0.94 Mgal/d, and 1.7 Mgal/d. Piney Point-Nanjemoy water 
use in St. Mary's County in 1940 to 1949, 1980 and 1994 by 
major users was 0.14 Mgal/d, 0.46 Mgal/d and 0.78 Mgal/d, 
respectively; the aggregated pumpage by domestic and other 
minor users was 0.75 Mgal/d, 1.9 Mgal/d and 2.7 Mgal/d . 

In St. Mary's County and Calvert County, pumpage 
from the Aquia aquifer by major users exceeded the rate by 
domestic users, with the exception of 1980 in Calvert County. 
In 1940 to 1949,1980, and 1994 Aquia pumpage in Cal vert 
County by the major users was 0.82 Mgal/d , 0.68 Mgal/d , 
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and 1.87 Mgal/d, respectively; aggregated withdrawals by 
domestic and other minor users were 0.35 Mgal/d, 1.0 Mgal/d, 
and 1.7 Mgal/d. Aquia water use in St. Mary's County in 1940 
to 1949, 1980 and 1994 by major users was 1.79 MgalJd, 2.63 
Mgal/d and 3.55 Mgal/d , respectively; domestic and other 
minor users pumped 0.25 Mgal/d, 0.64 Mgal/d and 1.00 
Mgal/d. 

Appendixes C and D li st 1900 to 1994 pumpage rates 
by county for both major users and domestic (and other 
minor) users of the Piney Point-Nanjemoy and Aquia aqui
fers (Wheeler and Wilde, 1989; Chapelle and Drummond, 
1983). The withdrawal rates by major users listed in Ap
pendixes C and D are generally estimated prior to 1970. 
After 1970 the rates are usually based on pumpage data sub
mitted to the state by ground-water appropriators. In Ap
pendixes C and D domestic pumpage is listed by county 
sanitary district (S t. Mary's County) or planning area 
(Calvert County) and was estimated by the number of per
mits issued for indi vidual well s (Judith Wheeler, written 
communication, 1994; Chapelle and Drummond, 1983). The 
location of major users and the delineation of county sani
tary districts and planning areas in St. Mary 's County and 
Calvert County are shown in figures 12 and 13. 

Appendixes E and F list the ground-water appropria
tion (GAP) records for the Aq uia aquifer and Piney Point
Nanjemoy aquifer. Each appropriation record includes both 
an annual average rate of pumpage and a maximulll rate for 
the months of highest demand. 



!I5IIl 

900D 

8500 

>-- 8IDl 
a:: 
0 750D 
a:: 
W 7CDl a.. 
tfl 6500 z 
0 6(D) --I 
--I a:: S500 t!) 

0 SID) z 
a:: 

4500 tfl 
:::J 
0 4CDl :I: 
!-< 

Z 3500 

3CDl .. 
W 

2SOO t!) 
a:: a... 2!Dl :a:: 
:::J 
a.. 1500 

1CDl 

500 

0 
1910 

9500 

9000 

8500 

>-- 8000 
a:: 
0 7500 
a:: 
W 7000 a... 
tfl 6500 z 
0 6000 --I 
--I a:: 5500 t!) 

c::J 5000 z 
a:: 

4500 tfl 
:::J 
c::J 4000 :I: 
!-< 

:z 3500 

3000 .. 
w 

2500 C!) 
a:: 
a... 2000 :a:: 
:::J 
a... 1500 

1000 

500 

0 
1940 

Figure 10. 

Sl. Mary·s Counly AquLa Pumpage 

HLslorLcaL Pumpage 1940-1994 

1950 1960 

St. Mary ·s CountH PLney PoL nt-Nanjemoy Pumpage 

HLs l orLcaL Pumpage 1940- 1994 

1950 1960 1970 1960 

YEAR 
1990 

EXPLANATI ON 

Counly Water PLans 1995-2020 

TolaL 

Major 

DomeslLc 

EXPLANATION 

Counl H Waler PLans 1995-2020 
Tol aL 

OameslLc 

Major 

2!Dl 2010 2020 

Total annual average pumpage from the Aquia and Piney Paint-Nanjemoy aquifers in 
St. Mary's County. 

26 



9500 

9000 

8SOO 

>-< 8000 
a::: 
Cl 7500 
0::: 
W 71Xll 
0... 

III 6500 z 
Cl 6IUl -' 
-' a::: 5500 t!l 

Cl 
z 5IDl 
a::: 

4500 III 
:::J 
Cl 41Xll J: 
f-< 

Z 3500 

3000 , 
W 

2500 t!l 
a::: 
0... 2!XD x:: 
:::J 
0... 1500 

11Xll 

500 

0 
1910 

9500 

9000 

8500 

>-< 8000 
a::: 
Cl 7500 
0::: 
W 71Xll 
0... 

III 6500 
Z 
0 6000 -' 
-' a::: 5500 t!l 

0 5000 z 
a::: 

4500 III 
:::J 
0 41Xll J: 
f-< 

z 3500 

3000 , 
W 

2500 t!l 
a::: 
0... 2000 x:: 
:::J 
0... 1500 

IIXll 

500 

0 
1910 

Figure 11. 

Colvert County AquLa Pumpage 

HLstorLcal Pumpage 1940-1994 

1950 1960 1970 1980 

YEAR 
1990 

Colvert County PLney PoLnt-Nanjemoy Pumpage 

HLstorLcal Pumpage 1940-1994 

1950 1960 1970 19BO 

YEAR 
1990 

EXPLANATION 

County Water Plans 1995-2020 

Total 

Major 

DomsstLc 

2!XD 2010 2020 

County Water Plans 1995-2020 

EXPLANATION 

Total 

OomeslLc 

Major 

2000 20 10 2020 

Total annual average pumpage from the Aquia and Piney Point-Nanjemoy aquifers in 
Calvert County. 

27 



39° 

77° 

EXPLANATION 

• 5 Location of node 
representing well or 
wellf i eld produc i ng 
f rom the Piney Point 
Nanjemoy a q u i fer . 
Nu mber r e fe r s to t he 
Ma p Locati on numbe r 
in Appendi xe s C and E . 

~ 
PRINCE GEORGE'S I Area 1 

I 

l 
\.-/"\ 
( L_ 

I 

38° CIIARLES 
/~' 

/ 
30' 

/ 

5 0 5 MILES 
~I--~.--I~--.-~I 

5 o 5 KILOMETERS 
Bn!'<' from USGS Ill,gllal Line Gra ph 1 :250,000 

38° .J.=:,:===========~--

76°30' 76° 

---~ 
Figure 12. Location of well nodes representing major users of the Piney Point-Nanjemoy aquifer 

usually pumping more than 5,000 gallons per day. 

28 



EXPLANATION 

.5 Location of node 
representing well or 
wellfield producing 
from the Aquia aquifer . 
Number refers to the 
Map Location number 
in Appendixes D and F . 

~ 
PRINCE GEORGE'S ( Area 7 

1'.75 

7t':: 
r 7879 

~-!..~ \ 
( ,. ~ .. 

I "' . - J. " 

CHARLES 

5 0 5 MILES 
L' __ ~'--+I ____ '--"' 

5 o 5 KILOMETERS 

8 7 

• 

Base from USGS Digital Line Graph 1:250.000 

38o ~======================~--------~~--~--------------------------J 

Figure 13. Location of well nodes representing major users of the Aquia aquifer usually pumping 
more than 5,000 gallons per day. 

29 



Table 3. Total annual average pumping rates used in model simulations for 1940 to 1949, 1980, 
and 1994 

(in million gallons per day; - = not included in the model) 

1940 to 19491) 1980 1994 
County Aguifer 

Major) Domestic Total Major Domestic Total Major Domestic Total 

Agu ia 0.816 0.350 1.166 0.678 1.000 1.678 1.866 1.700 3.566 

Calvert Piney 
Point- .008 .350 .358 .208 0.935 1.143 .246 1.700 1.946 

Nanjemoy 

Aguia 1.794 .250 2.044 2.627 .640 3.267 3.553 .999 4.552 

St. Mary 's Piney 
Point- .138 .752 .890 .461 1.900 2 .361 .780 2.699 3.479 

Nanjemoy 

Anne Arundel Aguia .025 .800 .825 .242 1.800 2.042 .188 2.600 2.788 

Piney 
Dorcheste r Point- 2.266 2.266 3.776 - 3 .776 1.248 - 1.248 

Nanjemoy 

Charles Aguia - .400 .400 .053 1.700 1. 753 0.29 1.700 1.729 

Prince 
Aguia 

George's 
. 180 .IBO .010 .BOO .B I0 - .300 .300 

Queen Anne' s Agu ia .060 .060 .376 .376 .B06 .B06 

Aguia .126 - .126 .628 - .628 .634 - .634 

Talbot Piney 
Point- - .168 .168 . 16 1 . 16 1 

Nanjemoy 

IJ Estimated daily average during decade 
0) Appropriated pumpage generally greater than 5,000 gallons per day 

GROUND-WATER FLOW MODEL 

LOCATIONS OF MODEL AREA AND MODEL 
BOUNDARIES 

The model area of the Aquia and Piney Point-Nanjemoy 
aquifer system extends from approximately latitudes 
38°02'N to 39°03'N and from longitudes 75°59'W to 7rW, 
an area of 55 miles (mi) x 74 mi (fig. 14). It includes all of 
Calvert County and St. Mary 's County and parts of several 
neighboring coun ties: Charles, Prince George 's, Anne 
Arundel, Queen Anne's, Talbot, and Dorchester Counties. 
The approximately 4,000 square miles (mj2) model area was 
divided into a rectangu lar grid consisting of 46 columns and 
68 rows of variable size ranging from 0.5 l11i x 0.5 mi to 5.0 
mi x 5.0 mi. The finer grid size was used in the vicinity of 
Leonardtown, Lexington Park, the Naval Air Test Center at 

30 

Patuxent River, and Solomons where greatest accuracy was 
needed. The boundary cells of the model expanded to 5.0 
mj x 5.0 mi . The model was made larger than the study area 
to reduce the effects of the no-flow boundary conditions 
assigned to the model boundary and to include adjacent ar
eas where ground-water pumpage could affect water levels 
in Calvert and St. Mary's Counties. 

DESCRIPTION OF THE MODEL 

The U.S. Geological Survey modular three-dimensional 
finite-difference ground-water flow model (McDonald and 
Harbaugh, 1988) was used to simulate the ground-water flow 
in the Aquia and Piney Point-Nanjemoy aquifer system. The 
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flow model simulates the hydrologic system by integrating 
the interactions between the hydrologic properties of the 
aquifers and confining units, boundary conditions, regional 
recharge, and ground-water withdrawals. The derivation of 
the flow equations used in the modular flow model assumes 
non-steady state, three-dimensional flow of a homogeneous 
fluid in a heterogeneous aquifer system with leakage across 
the confining units. 

The model input and hydrogeologic framework of the 
flow model were constructed based on an earlier model 
(Chapelle and Drummond, 1983) that was updated with 
hydrogeologic data collected since the completion of the 
previous model (Hansen, 1996). The hydrogeologic frame
work consists of a three-layer hydrologic system; each layer 
includes an aquifer and its underlying confining unit. From 
top to bottom, the hydrogeologic framework consists of: 1) 
The Holocene-Pleistocene Surficial Aquifer modeled as a 
water-table unit (aquifer 1) and its underlying confining unit 
(Upper Confining Bed); 2) the Piney Point-Nanjemoy aqui
fer modeled as a confined aquifer (aquifer 2) and its under
lying confining unit (Middle Confining Bed); and 3) the 
Aquia aquifer modeled as a confined aquifer (aquifer 3) and 
its underlying confining unit (Lower Confining Bed) mod
eled as a no-flow boundary. 

Boundary Conditions 

The flow model is a closed system, delineated by bound
ary surfaces that define the external geometry of the mod
eled aquifer system. Natural aquifer boundaries were made 
model boundaries where appropriate. No-flow boundary 
conditions were assigned to model boundaries at locations 
where the aquifer terminates. No-flow boundary conditions 
were also assigned to model boundaries at locations where 
the aquifer extends beyond the model area. In these cases 
the model boundaries were placed at distances far enough 
from the area of main interest to minimize the adverse ef
fect of the no-flow conditions. Constant-head conditions 
were assigned to model boundaries at locations where the 
aquifer layers are in contact with the Patuxent River, Potomac 
River, and Chesapeake Bay. 

Water-level records from observation wells (CH Ee 16 
in Charles County, PG Hf 29 in Prince George's County, 
and SM Df26 in St. Mary's County) indicate that, although 
fluctuating seasonally, the long-term trend of the water table 
is constant (Chapelle and Drummond, ] 983, p. 42, 43). For 
the purposes of this study, the water-table or Surficial Aqui
fer (aquifer 1) was assigned constant-head boundary condi
tions. The water table used in this report was assembled from 
Chape\le and Drummond's 1983 model. The water table is 
the top boundary of the model and acts as a recharge bound
ary (fig. 15). The north, east, south, and west boundaries of 
aquifer 1 (fig. 14) were assigned no-flow boundary condi
tions. 
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In the northwestern part of the model , where the Piney 
Point-Nanjemoy aquifer system terminates, a low transmis
sivity of 0.01 ft2/d was assigned to aquifer 2 to permit verti
cal flow across the aquifer, but prevent any lateral move
ment. Elsewhere in the model area the lateral boundaries of 
aquifer 2 were assigned no-flow conditions (fig. 14). 

In the southeastern part of the model area, where the 
Aquia aquifer terminates , a no-flow lateral boundary was 
assigned to aquifer 3 (fig. 14). No-flow boundary condi
tions were also assigned to the confining unit underlying 
the Aquia aquifer throughout the model area. 

No-flow boundary conditions prevent flux exchange 
across the boundary nodes. After the model was calibrated 
the no-flow boundary conditions were reexamined at loca
tions where the Piney Point and Aquia aquifers were arbi
trarily truncated to create a closed system. In general, be
cause the transmissivities of the aquifers are relatively low, 
the cones of depression formed by pumpage in Calvert 
County and St. Mary's County do not extend to these bound
aries and are not significantly affected by their locations. 

Hydrologic Properties 

Hydrologic properties entered as input to the flow model 
include transmissivity and storage coefficient values for the 
aquifers and vertical hydraulic conductivity values for the 
confining units. Porosity and thickness values for the aqui
fers and confining units were input for particle tracking 
analysis (Pollock, 1994). The hydrologic properties were 
taken from Chapelle and Drummond (1983) and Hansen 
(1996). Small adjustments were made during model cali
bration mostly for areas where data are sparse. 

Table 4 summarizes the hydrologic properties used in 
the calibrated model. Transmissivity and storage coefficient 
values for layer 1 (Surficial Aquifer) were not requiJ-ed for 
input because the water table functions as a constant head 
boundary. Thickness and porosity of the Surficial Aquifer 
were input for particle tracking analysis. In the northeastern 
part of the model , in an area extending from central Anne 
Arundel County to central Prince George's County, the 
Surficial Aquifer is replaced by the Aquia aquifer where it 
crops out. The thickness of the Surficial Aquifer in St. Mary's 
and Calvert Counties averages about 40 to 50 ft. It becomes 
thicker in the area neru- Lexington Park and the mouth of the 
Potomac River, reaching about 140 ft. The porosity of the 
Surficial Aquifer was estimated as about 30 percent. 

The Upper Confining Bed (layer I) thickens towru-ds 
the southeast. The approximate thickness of the Upper Con
fining Bed in nOlthern Calvert and St. Mary's Counties is 
150 ft, increasing to about 270 ft in the southern parts of the 
two counties (fig_ 3, tab. 2 and tab. 4). The vertical hydrau
lic conductivity of the Upper Confining Bed is estimated to 
be about 4 x 10-4 ftld. Leakage across the Upper Confining 
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Table 4. Hydrologic properties used in the model 

Aquifer Underlying confining unit 

Layer Aquifer Transmissivity Storage Porosity 
Vertical 

Thickness hydraulic Porosity Thickness 
(ft2/day) coefficient (%) (feet) conductivity ( %) (feet) 

(ftlday) 

1 Water table a a 30 0-140 4 x 10-4 50 60-270 

2 Piney 100-700 (b) 0.0003 30 0-160 5 x 10-4 50 70-200 
Po in t-
Nanjemoy 

3 Aquia 500-2,000 (b) .0001 30 0-205 c c c 

a) No input needed; the water table was a constant head boundary 
b) Range of values in St. Mary's and Calvert Counties 
c) No input needed; the confming unit underlying the Aquia aquifer is a no-flow boundary 

Bed depends on the difference in head between the Surficial 
Aquifer and the Piney Point-Nanjemoy aquifer (layer 2) and 
leakance (vertical hydraulic conductivity divided by thick
ness) of the Upper Confining Bed at each node. A 50 per
cent porosity is assigned to the Upper Confining Bed. 

The transmissivity of the Piney Point-Nanjemoy aqui
fer (layer 2) in Calvert and St. Mary 's Counties is relatively 
low. It is about 100 ft2/d or less in the northern parts of the 
two-county area when the Piney Point Formation is absent. 
Elsewhere in the two-county area, it generally ranges be
tween 200 and 700 ft2/d (fig. 16). The highest transmissiv
ity of the Piney Point-Nanjemoy aquifer in the model area 
is about 4,000 to 5,000 ft2/d at Cambridge in Dorchester 
County. The storage coefficient ofthe Piney Point-Nanjemoy 
aquifer is estimated to be about 0.0003 and a 30 percent 
porosity is assigned. The Piney Point-Nanjemoy aquifer is 
approximately 30 to 40 ft thick in the northern parts of 
Calvert and St. Mary 's Counties. It thickens southward 
reaching about 130 ft at Point Lookout in St. Mary's County 
(fig. 4). 

The vertical hydraulic conductivity of the Middle Con
fining Bed (layer 2) is estimated to be about 5 x 10.4 ftld and 
a 50 percent porosity is assigned. The Middle Confining 
Bed is approximately 100 to 150 ft thick in Calvert and 
St. Mary 's Counties. In parts of Charles County its thick
ness increases to 200 ft (fig. 6 and tab. 4). 

Transmissivities assigned to the Aquia aquifer (layer 
3) in Calvert and St. Mary 's Counties range from about 400 
to 2,000 ff/d (fig. 17). The aquifer is thickest in Queen 
Anne's County, where transmissivities as much as 5,000 ft2/d 
are assigned. The storage coefficient of the Aquia aquifer is 
estimated to be about 0.0001 and a 30 percent porosity is 
assigned. The lowermost model boundary, which underlies 
the Aquia aquifer, is assigned no-flow conditions. 
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CALIBRATION OF THE FLOW MODEL 

The hydrologic properties of the Aquia and Piney Point
Nanjemoy aquifer system were derived from an earlier cali
brated model described by Chapelle and Drummond (1983). 
Since then, new hydrogeologic data (Hansen, 1996) and more 
than 10 years of additional pumpage (Judith Wheeler, writ
ten commun., 1994-96) and water-level data (Curtin and 
Dine, 1995) were compiled, necessitating a recalibration of 
the flow model. The hydrogeologic framework of the model 
was refined to include subsUlface stratigrapillc data obtained 
after 1980. Results of aquifer tests perfOlmed on wells drilled 
after 1980 (John Smith, written commun., 1993; David 
Andreasen, written commun., 1993; Frederick Mack, writ
ten commun., 1994) were used to reevaluate the transmis
sivity of the aquifers (tab. 5). Water-use data of the last 14 
years (Wheeler and Wilde, 1989, and Judith Wheeler, writ
ten commun. , 1994-96) were used to update the ground
water pumpage records of wells screened in the Aquia and 
Piney Point-Nanjemoy aquifers (Appendixes C and D). 
Using these data, the flow model was recalibrated for steady
state prepumping conditions for 1900 and transient flow 
conditions for 1900 to 1994. 

Model calibration was a trial and elTor process of match
ing simulated water levels with water levels measured in 
198 selected observation wells by adjusting the hydrologic 
properties used as model input. Fifty-two Piney Point
Nanjemoy wells (fig. 18) and 146 Aquia wells (fig. 19) were 
used to calibrate the model. The steady-state and transient 
calibrations were inseparable because a steady-state condi
tion was essential for the initiation of the transient simula
tion. When both the steady-state and transient flow calibra
tion criteria were satisfied, the flow model was considered 
reasonably representative of actual ground-water flow in 
the modeled area. 



CIIARLES 

EXPLANATION 

Transmissivity of the 
Piney Point - Nanjemoy 
aquifer in feet squared 
per day, divided into 
zones A to E . 

Zone A 
Zone B 
Zone C 

10 -
200 -
500 -

199 
49 9 
999 

Zone D 1,000 - 2 ,999 
Zone E 3 , 000 - 5 , 000 

, 

PRIN CE GEORGE·S 

.-------'/ 

o 5 MILES 
I I 

/ 
/ A 

o 5 KILOMETERS 

Base from USGS Dig ita l LIne Graph 1:250.000 

~ 

( 

B 

A 

D 

______________ ~ ____________ ~~w_ ____ ~ __________________________________ ~ 

Figure 16. Simulated transmissivity distribution in the Piney Point-Nanjemoy aquifer. 

35 



39° 

EX PLANATION 

Transmissivity of the 
Aq uia a q uifer in feet 
s quared per day , divided 
into zones A to F . 

Zone A 400 - 549 
Zone B 550 - 999 
Zone C 1 , 000 - 1 , 349 
Zone D 1 , 350 - 1 , 999 
Zone E 2 , 000 - 3 , 999 
Zone F 4 , 000 - 5 , 100 

, 

A 
I 

/ PR NCE GEORGE'S 

/ 
A 

CHARLES 

5 a 5 MILES 
LI -jr"-.--+!--,-...J1 

a 5 KILOMETERS 

A 

A 

) 

? E 

t ) p 

DORCHESTER 

Basc fromUSG_S_D_~_ll_al_~.j_n_e_G_'r~al~)I_l_I:_2Q_r.O_,_OO_0-i ____ ___ ~lL __ ~ _________________ _...J 

Figure 17. Simulated transmissivity distribution in the Aquia aquifer. 

36 



39° 

38° 
30' 

7JO 

EXPLANATION 

0 5 Location of node 
representing obser
va tion well screened 
in the Piney Point 
Nanjemoy aquifer. 
Number refers to the 
Map Location number 
in Appendix G. 

PRINCE GEORGE'S 

/ 

S 0 SMILES 
L..' --'I~'-.-+I--r--" 

o S KILOMETERS 

/--.. 
/ 

/ 

~ 

( 

76°30' 

17 0 
o 
15 

76° 

Base from USGS DigIta l LIne Grnph 1:250,000 38° +-___________________________ -L __________ ~~~ __ ~ ______________________________ ~ 

Figure 18. Location of well nodes representing selected observation wells in the Piney Point
Nanjemoy aquifer 

37 



Table 5. Transmissivity and storage coefficient values for the Aquia and Piney Point-Nanjemoy 
aquifers from unpublished file data 

(written communication: Harlan J. Smith [1993], David Andreasen [1993], Frederick Mack [1994]; 
- = no data; GAP = Ground-water Appropriation Permit; LNG = Liquid Natural Gas) 

GAP number 
Location map 

Location! owner 
Transmissivity 

Storage 
number (ft2/d) 

Aquia Aquifer (fig . 13) 

AA76G014 79 Boone's Mobile Estates, Inc . 2,070 -

CA59G002 10 Chesapeake Heights on the Bay 2,380 -

CA72G003 6 Chesapeake Beach, Town of 1,500 -

CA73GOlO 23 Columbia LNG Corporation 750 -

CA73GOI4 23 Columbia LNG Corporation 800 0.000145 

SM50G002 69 Steuart Petroleum Company 2,670 0 .0001 

SM67G003 43 Leonardtown 1,480 -

SM67G009 49 Vocational Technical Center 856 -

SM76G003 34 Country Lakes Subdivision 1,250 0.00023 

SM76G014 52 Wildewood Subdivision 720 -

SM76G024 50 Maryland Rock Industries 400 0.00023 

SM76G025 39 Placid Harbor Education 240 -
Center 

SM81G018 31 Charlotte Hall Veterans' Home 1,160 -

SM83G016 63 Hunting Quarter Subdivision 500 -

SM86G060 51 Wilderness Subdivision 710 -

Piney Point-Nanjemoy Aquifer (fig. 12) 

CA78GOll 7 Calvert Beach Park West 802 -

Estimates of some hydrologic properties were consid
ered more reliable than others. Hydrologic properties con
sidered less reliable were adjusted to a greater extent during 
the calibration process. Vertical hydraulic conductivity of 
the confining units was the least known property and there
fore was the most adjusted. Leakage through a confining 
unit is proportional to hydraulic conductivity and the head 
gradient across the bed; and inversely proportional to its 
thickness (McDonald and Harbaugh, 1988, p. 5-11 and 5-
12). Initially a uniform hydraulic conductivity was assigned 
to each of the confining units. Adjustment of leakage through 
the confining units was first tried by adjusting vertical hy
draulic conductivity within a range consistent with known 
control values. Fine tuning of the calibration involved ad
justing the thickness of the confining units in areas where 

there was no well control. Adjustments in confining unit 
thickness were within the range of variability shown on the 
hydrogeologic cross-sections (pis. 1 and 2). In contrast, the 
aquifer transmissivity values assigned to the model were 
based on more data of greater reliability. Transmissivity was 
adjusted only in areas where values were extrapolated. The 
flow model reached calibration using the hydrologic prop
erties listed in table 4 and the aquifer transmissivities shown 
in figures 16 and 17. 
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Steady-state calibration was performed to obtain a sta
bilized head distribution that simulated prepumping condi
tions. It is reasonable to assume that the Aquia and Piney 
Point-Nanjemoy aquifer system was at equilibrium in 1900 
because at that time the aquifers were minimally pumped. 
Simulated steady-state water levels were obtained by run-
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ning the flow model using the hydrologic properties and 
constant head water table described previously and an aqui
fer storage of zero. Because records of measured water lev
els in 1900 are limited, the steady-state calibration was pri
marily focused on obtaining a reasonable ground-water flow 
pattern. A reasonable prepumping flow pattern for the Aquia 
and Piney Point-Nanjemoy aquifer system exhibits poten
tiometric highs in upland areas and potentiometric lows along 
the river valleys and the Chesapeake Bay. After several tri
als, the steady-state potentiometric surfaces of the Piney 
Point-Nanjemoy aquifer and the Aquia aquifer displayed 
reasonable flow patterns (figs. 20 and 21). Simulated water 
levels were also matched with water levels of wells drilled 
prior to 1940. Comparison of simulated and measured wa
ter levels for selected wells used in the steady-state calibra
tion are listed in the first column of Appendixes G and H. 

The transient model is an extension of the steady-state 
model, whereby subsequent stresses are superimposed and 
the dimension of time and aquifer storage are considered. 
The flow model simulated transient conditions by using the 
calibrated steady-state water levels as the initial condition 
and by adding actual pumpage for the period 1900 to 1994. 
The transient simulation was divided into one-year stress 
periods with two time steps of six months, each producing 
output of annual average simulated water levels. The simu
lated annual average water levels were matched with aver
age water levels measured in observation wells in COlTe
sponding years. The transient model calibration included 
matching simulated water levels of 198 selected wells with 
water-level measurements for the period 1952 to 1994. Mea
sured and simulated water levels for the 52 Piney Point
Nanjemoy wells and the 146 Aquia wells used to calibrate 
the transient model are listed in columns 2 to 8 in Appen
dixes G and H. The transient model was calibrated by match
ing simulated water levels with 1952, 1980, and 1982 data. 
The calibrated model was verified by matching simulated 
data with 1991, 1992, 1993, and 1994 water levels. In the 
early stages of transient model development, when a closer 
water-level match required the adjustment of hydrologic 
properties, the steady-state model calibration was repeated 
to insure its validity. Newly obtained steady-state water lev
els were then used to reinitiate the transient model simula
tion. The calibration cycle was repeated until water levels 
were matched within 10ft. 

A first order linear regression analysis of Y = aX + b 
was used to analyze the results of the model calibration (tab. 
6). The analysis indicates that the fit of the simulated and 
the measured water levels has a standard error (or average 
deviation about the regression line) of between 3.1 and 7.6 
ft. The simulated and measured water levels for the steady
state simulation has a coefficient of correlation (r) of 0.91, 
which is considered a fair goodness of fit; the coefficient of 
correlation for the transient calibration is considered good 
(r = 0.943 to 0.990). 

Thirty-eight (38) of the 198 wells used for calibration 
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were measured frequently enough to plot water-level 
hydrographs (Curtin and Dine, 1995). Hydrographs match
ing simulated with measured water levels for 28 Aquia wells 
and 10 Piney Point-Nanjemoy wells are shown in Appen
dixes I to N. Appendix I displays hydrographs of simulated 
and measured water levels for seven wells in Calvert County 
(CA Bb 27, Cc 18, Fd 51 , Fd 52, Fd 54, Fe 22, and Gd 6), 
which were affected by pumpage of both major and domes
tic users. Calibration of the Aquia wells (CA Bb 27, Cc 18, 
Fd 54, and Gd 6) was witrun 5 ft. Simulated and measured 
water levels of the Piney Point-Nanjemoy wells (CA Fd 51 , 
Fd 52, and Fe 22) showed a difference of about 5 to 10 ft. 

Appendix J displays simulated and measured water
level hydrographs for seven Aquia wells in Charles County 
(Ch Bg 11, Ce 47, Ch 15, Cg 20, Cg 21 , Df 17, and Ff 59), 
which were affected predominantly by domestic pumpage. 
In Charles County the Aquia aquifer is less transmissive 
and generally not used for large public supply wells. The 
hydrographs display a sharp decline in water levels of about 
40 to 50 ft within the last 25 years. The difference between 
simulated and measured water levels is within 5 ft. In Ap
pendix K the hydro graphs of four Aquia wells in Prince 
George's County (PG Fe 36, Gd 3, Hf 35, and Hf 42) are 
shown. Simulated and measured water levels match within 
about 5 ft. 

The fourteen (14) water-level hydrographs displayed 
in Appendixes L, M, and N were used for model calibration 
in St. Mary's County. Appendix L shows that simulated water 
levels for four Aquia wells (one at Charlotte Hall: SM Bb 
15 and three at Leonardtown: SM Dd 44, Dd 47, and Dd 49) 
and one Piney Point-Nanjemoy well at Leonardtown (SM 
Dd 46) match measured water levels within 5 ft. Similarly, 
Appendix M compares simulated water levels with mea
sured water levels in three Aquia wells (two at Lexington 
Park: SM Df 42 and Df 62; one at Patuxent Naval Air Test 
Center: SM Df 1) and two Piney Point-Nanjemoy wells (one 
at California: SM Df 66 and one at Great Mills: SM Ef 57). 
The Aquia and Piney Point-Nanjemoy aquifers are pumped 
heavily in the Lexington Park-Patuxent Naval Air Test Cen
ter area where drawdowns are greatest. In the Great Mills
Lexington Park area simulated water levels of the Aquia 
match measured water levels better than simulated Piney 
Point-Nanjemoy water levels (Appendix M). Similarly, at 
Piney Point simulated water levels match measured water 
levels better for Aquia well SM Fe 31 than for Piney Point
Nanjemoy well SM Fe 30 (Appendix N). Appendix N also 
shows that the simulated water levels for Piney Point
Nanjemoy wells SM Ef 27 and Fg 45 in the Lake Conoy 
Sanitary District match measured water levels within 10 ft. 

The potentiometric surfaces of the Piney Point
Nanjemoy and the Aquia aquifers obtained by simulating 
1952, 1982, and 1994 pumpages were matched with the ar
eal distribution of water levels from observation wells mea
sured in corresponding years (figs. 22 to 27). The number 
of control points and the reliability of the water-level mea-
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Table 6. Regression analysis of simulated and measured water levels 
for model calibration (1900-82) and verification (1991-94) 

(see Appendixes G and H) 

Simulation 

Steady-state Transient 

1900 -

(Prepumping) 

- 1952 

- 1980 

- 1982 

- 1991 

- 1992 

- 1993 

- 1994 

surements determine the accuracy of the model in any par
ticular area. In general, calibration of the Aquia aquifer, 
which used 146 observation wells, is more accurate than 
calibration of the Piney Point-Nanjemoy aquifer, which was 
based on 52 wells . Calibration of the Piney Point-Nanjemoy 
and Aquia aquifers is strongest in the Leonardtown, Pine 
Hill Run, Carroll Pond and Piney Point Sanitary Districts in 
St. Mary 's County, and Planning Areas 1 and 2 in Calvert 
County. In contrast, transient calibration of the Piney Point
Nanjemoy aquifer in Planning Area 3 of Calvert County is 
weakest in the model area. 

Mass Balance 

Inflow and outflow fluxes (fig. 28, tabs. 7 and 8) were 
calculated to test the accuracy of the model. The principle 
of conservation of mass requires that inflow minus outflow 
equal mass stored in the aquifer system per unit of time. 
The Aquia and Piney Point-Nanjemoy aquifer model satis
fies this constraint with the outflow fluxes balancing the 
inflow fluxes (including net storage) for each simulation 
(tabs. 7 and 8). The Surficial Aquifer, acting as a constant
head boundary, is the main source of recharge to the aquifer 
system. The steady-state (prepumping) simulation stabilized 
with about 7.4 Mgal/d recharging from the constant-head 
water table and an equivalent amount discharging to the 
Chesapeake Bay and rivers. Recharge increased to 14.4 

Slope 

0.840 

1.203 

0.958 

0.948 

1.008 

0.973 

0.982 

1.0l2 
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Standard Coefficient of 
error (ft) correlation r 

3.124 0.916 

7.664 0.963 

6.054 0.943 

5.315 0.970 

4.850 0.988 

4.502 0.989 

4.728 0.989 

4.610 0.990 

MgaJ/d in the 1952 simulation with 10.8 Mgal/d outflowing 
as pumpage and 3.6 Mgal/d discharging to the Bay and riv
ers . Increasing pumpage from 10.8 Mgal/d in 1952 to 21.1 
Mgal/d in 1994, lowered outflow to the Bay and rivers from 
25.13 % to 1.84% of the total recharge. Simulated 2020 
pumpages of 28.6 Mgal/d and 31.9 Mgal/d further reduced 
outflow to the Bay and rivers to 0.78% and 0.65 % of total 
recharge (tab. 7). Net inflows from storage indicate that water 
levels continued to decline during the transient simulations. 
By 2020 the net inflows from storage were small , indicat
ing that the simulations were approaching equilibrium con
ditions . 

The mass balance of the flow components passing 
through the six faces of a pumping cell further explains the 
distribution of fluxes generated by pumpage (tab. 8 and fig. 
28). Fluxes passing through Faces 1 (West) , 2 (East) , 3 
(South), and 4 (North) constitute the lateral inflows to the 
pumping cell and fluxes passing through Faces 5 (bottom 
confining unit) and 6 (upper confining unit) are the vertical 
inflows. Mass balances for two pumping scenarios discussed 
in the next section (1995 County Water Plan and 2020 Maxi
mum GAP scenarios) indicate that 98% of the fluxes sup
plying the pumping cell are lateral inflows and 2% consti
tute vertical leakage (tab. 8). The average velocity of par
ticles laterally entering the pumping cell is about 0.25 ftld 
using 1995 County Water Plans scenario (0.6 MgalJd) and 

(Text continued on p. 51.) 
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Figure 23. Potentiometric surface of the Aquia aquifer obtained from the simulation of 1952 pump
age. 
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Figure 24. Potentiometric surface of the Piney Point-Nanjemoy aquifer obtained from the simulat
ion of 1982 pumpage. 
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Figure 25. Potentiometric surface of the Aquia aquifer obtained from the simulation of 1982 pump
age. 
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Figure 26. Potentiometric surface of the Piney Point-Nanjemoy aquifer obtained from the simula
tion of 1994 pumpage. 
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Figure 27. Potentiometric surface of the Aquia aquifer obtained from the simulation of 1994 pump
age. 
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Table 7. Mass balance of flow components of the Aquia and Piney Point-Nanjemoy model for prepumping, 
1952, 1994, and 2020 using County Water Plans and Maximum GAP scenarios 

(in/yr recharge rate is based on 600 square miles recharge area) 

Prepumping 1952 1994 2020 County Water Plans2) 2020 Maximum GAP" 
Flow components 

Mgal/d inlyr % Mg.lld ill/yr % Mgalld inly r % Mgalld in/yr % Mgalld inlyr % 

Inflow : 

Storage 0.0 0.0 0.0 0.019 0.001 0. 10 0.445 0.016 2.06 0.022 0 .001 0.08 0.012 0.000 0.04 

Constant-head. 7.376 0.26 100.00 14.395 0.504 99.90 21.163 0.74 1 97.94 2Il.777 1.008 99.92 32.095 1.124 99.96 
water table 

Totall) 7.376 0.26 100.00 14.414 0.505 100.00 2 1.608 0.757 100.00 2Il.799 1.009 100.00 32.107 1.125 100.00 

Outnow : 

Pumpage 0.0 0 .0 0.0 10.794 0.378 74.87 21.210 0.743 98 . 16 2Il.574 1.00 1 99 .22 31.898 1.117 99.35 

Chesapeake 7.376 0 .26 100.00 3.622 0.127 25.13 0 .398 0.0 14 1.84 0 .225 0.008 0 .78 0.209 0.007 0.65 

Bay atxi rivers 

Total!) 7.376 0.26 100.00 14.41 6 0.505 100.00 21.608 0.757 100.00 28.799 1.009 100.00 32.107 1.125 100.00 

I ) Discrepancies in the totals are due to rowx1ing 
1) Future pwnpage scenarios are discussed ill the section ~ Eslimales of Future Growxi-Water Withdrawals and Water Levels. -

0.40 ftJd using the 2020 Maximum GAP scenario (1.0 MgaI/d). 
Velocities are greatest entering the pumping cell and decrease 
outward as hydraulic gradients diminish. The velocities of 
particles accelerate proportionally to the increased rate of 
withdrawal from the pumping cell. Because particles that 
enter the pumping cell vertically must pass through a con
fining unit, vertical velocities range about 300 to 400 times 
slower than lateral inflows. Simulated vertical velocities are, 
respectively, 0.0008 ftid for the 1995 County Water Plans 
scenario and 0.001 ftid for the 2020 Maximum GAP sce
nario. 

SIMULATION OF 
GROUND-WATER WITHDRAWALS 

Ground-Water Withdrawals and 
Water Levels in 1994 

The effect of increased pumpage of the Piney Point
Nanjemoy and Aquia aqu ifers becomes apparent by com
paring the simulated 1994 cones-of-depression (figs. 26 and 
27) with comparable potentiometric surfaces for 1952 (figs. 
22 and 23) and 1982 (figs. 24 and 25) . The depth and width 
of a cone-of-depression is dependent on the rate and distri
bution of pumpage, and hydrologic properties of the aqui
fer system such as aquifer transmissivity and vertical hy
draulic conductivity of the confining bed. 

The simulated 1994 potentiometric surface of the Piney 
Point-Nanjemoy aquifer is generally below sea level in 
Calvert County, except for parts of Planning Area 3. In the 
Solomons area, the simulated 1994 potentiometric surface 

51 

has declined to about 30 ft below sea level. In 1994 Piney 
Point-Nanjemoy pump age in Calvert County was about 1.7 
Mgal/d for domestic users and 0.24 Mgal/d for major ap
propriators. In St. Mary's County the 1994 simulated po
tentiometric surface of the Piney Point-Nanjemoy aquifer 
(fig. 26) shows a large cone-of-depression surrounding the 
Lexington Park and Patuxent Naval Air Test Center well 
fields. In 1994, water levels in these areas were generally 
30 to 50 ft below sea level, with a maximum of about 105 ft 
below sea level at the site of SM Df 9 (Patuxent Naval Air 
Test Center); the relatively deep water level at this site was 
caused by an abrupt increase in Piney Point pumpage from 
151 ,000 gallons per day in 1993 to 296,000 gallons per day 
in 1994 at the Patuxent Naval Air Test Center. In 1994 with
drawal from the Piney Point-Nanjemoy aquifer was tempo
rarily increased whi le Aquia replacement wells were being 
constructed at the test center. The 1993 simulated water level 
in SM Df 9 was 70 ft below sea level. Simulating decreased 
pumpage in 1995 (151 ,000 gallons per day) raised the 1995 
water level back to about 70 ft. In 1994 combined Piney 
Point domestic pumpage from the southern sanitary districts 
of Pine Hill Run, Carroll Pond, Lake Conoy, and Piney Point 
was approximately 2.4 Mgal/d; combined Piney Point 
pumpage from the Lexington Park, Patuxent Naval Air Test 
Center, and Hills Mobile Home Park well fields was about 
0.76 Mgal/d. 

The 1994 simulated potentiometric surface of the Aquia 
aquifer (fig. 23) has a large cone-of- depression with water 
levels deeper than 50 ft below sea level extending north
ward from Piney Point and Leonardtown in St. Mary's 
County to Long Beach in Calvert County (fig. 1). Areas 
where water levels are deeper than 80 ft below sea level 



Table 8. Mass balance of flow components for a model cell at Lexington Park simulating pumpage 
from the Aquia aquifer 

(grid location at [3 56 32]; pumping wells: SM Of 22, 42, 76, 78) 

1995 County Water Plans 2020 Maximum GAP 
Flow 

components Flow rate Percentage Velocity4) Flow rate Percentage Velocity 
(1,000 gal/d) (%) (ft/d) (1,000 gal/d) (%) (ft/d) 

Inflow: 

Lateral flow 

Face 1 138.0 21.9 0.23 220.3 22.0 0.37 

Face 2 180.0 28.6 0.30 287.9 28.8 0.49 

Face 3 184.0 29.2 0.31 303.0 30.3 0.51 

Face 4 115.2 18.3 0.20 169.4 16.9 0.29 

Sub-total 617.2 98.0 980.6 98.0 

Vertical flow 

Face 51) 0.0 0.0 0.0 0.0 0.0 0.0 

Face 62) 11.9 2.0 0.0008 20.9 2.0 0.001 

Total3) 629.1 100.0 1,000.5 100.0 

Outflow: 

Pumpage 631.0 100.0 1,000.0 100.0 

To taP) 631.0 100.0 1,000.0 100.0 

I ) Face 5 is at a basal no-flow boundary 
2) Vertical flow across confining unit 
3) Discrepancies in the totals are due to rounding 
') Average particle velocity across pumping cell face. Velocities are greatest entering the pumping cell and 

decrease outward as hydrau lic gradients diminish. 

include the Chesapeake Ranch Estates-Solomons area and 
the Lexington Park and Patuxent Naval Air Test Center well 
fields. The deepest water levels occur in the Lexington Park 
well field, where a water level of about 127 ft below sea 
level was simulated. The water level of we)) SM Df 42 at 
Lexington Park well field was measured at 131 ft below sea 
level in 1994. Aquia pumpage in Calvert County in 1994 
included 0.21 Mgal/d at Chesapeake Beach; a combined 
pumpage of 1.15 Mgal/d from well fields at Prince Frederick, 
Chesapeake Ranch Estates, and Solomons; 1.09 Mgal/d es
timated pumpage by domestic users in County Planning Area 
3; and 0.615 Mgal/d combined estimated pumpage by do
mestic users in County Planning Areas 1 and 2. In St. Mary's 
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County, 1994 Aquia pumpage occurred at three main loca
tions: 1) at Luckland Run and Indian Creek Sanitary Dis
tricts: 0.45 Mgal/d by domestic users and 0.21 Mgal/d at 
Country Lakes Subdivision; 2) at Leonardtown and Pine 
Hi)) Run Sanitary Districts: an estimated pumpage of 0.62 
Mgal/d by domestic users and 2.42 Mgal/d combined 
pumpage at Leonardtown, Wildewood Subdivision, Lexing
ton Park, and Patuxent Naval Air Test Center well fields; 
and 3) at Piney Point and Can'o)) Pond Sanitary Districts: 
an estimated pumpage of 0.13 Mgal/d by domestic users 
and 0.31 Mgal/d combined pumpage at Cedar Cove, St. 
Mary's College, Piney Point Subdivision, and Lundeberg 
School. 



Estimates of Future Ground-Water 
Withdrawals and Water Levels 

A series of simulations was performed using the cali
brated model of the Aquia and Piney Point-Nanjemoy aqui
fer system to evaluate the effects of future increases in 
pumpage (tab. 9) on water levels at existing well fields and 
surrounding areas. Three pumping scenarios for major 
ground-water appropriators were simulated: (1), projected 
1995 to 2020 pumpage based on county water plans and 
population growth estimates (County Water Plans scenario) 
(Appendixes C2 and D2); (2), pumpage using the 1995 an
nual average ground-water appropriation permit (GAP) rates 
from 1995 to 2020 (Average GAP scenario) (Appendixes E 
and F); and, (3) , pumpage using the 1995 maximum GAP 
rates, applied as annual averages from 1995 to 2020 (Maxi
mum GAP scenario) (Appendixes E and F). The projected 
1995 to 2020 pumpage rates were assembled from the Wa
ter and Sewerage Plans of St. Mary's County (1993) and 
Calvert County (1993) (figs. 29, 30; tab . 10), which take 
into account population growth estimates (tab. 11). The 
Average GAP scenario and Maximum GAP scenario were 
based on permits issued by the Water Management Admin
istration (Maryland Department of Environment). The Maxi
mum GAP scenario represents the maximum rates permit
ted for the month of highest demand used as an annual aver
age. This high stress situation is hypothetical and does not 
simulate the effects of presently allocated ground water in 
the model area. Future domestic pumpage used for the 1995 
to 2020 simulations was based on county-wide estimates 
for 1990 that were adjusted upward to reflect population 
increases. The proportional distribution of the county-wide 
totals to sanitary districts/planning areas was based on the 
same ratios that Chapelle and Drummond (1983, p. 22,32) 
used for the 1980 estimates. All three pumping scenarios 
used the same rates of domestic pumpage. Pumpage rates in 
neighboring counties were kept at 1994 levels in each sce
nario (Appendixes C2 and D2). 

Two 2020 pumpage scenarios for Calvert County are 

presented in figure 30 and table 10. Pumpage increases less 
than population growth for the County Water Plans scenario 
because it assumes greater use of the Magothy and Patapsco 
aquifers in the future; the Maximum GAP scenario main
tains greater reliance on the Aquia and Piney Point
Nanjemoy aquifer system (fig. 30, tab. 10). 

For the simulation based on county water plans com
bined major and domestic pumpages from the Piney Point
Nanjemoy and Aquia aquifers were increased from 5.7 Mgal/d 
(1995) to 9.9 Mgal/d (2020) in Calvert County and from 8.2 
Mgal/d (1995) to 10.9 MgaUd (2020) in St. Mary's County 
(tab. 9). For the simulation using the average annual GAP 
rates the combined major and domestic pumpages were in
creased from 6.7 Mgal/d (1995) to 9.1 Mgal/d (2020) in 
Calvert County and from 9.2 Mgal/d (1995) to 10.2 Mgal/d 
(2020) in St. Mary's County. Applying the maximum GAP 
allocations as annual average rates, the combined major and 
domestic pumpages used in the simulation were increased 
from 8.7 Mgal/d (1995) to 11.1 Mgal/d (2020) in Calvert 
County, and from 11.9 Mgal/d (1995) to 13.0 Mgal/d (2020) 
in St. Mary's County. 

The above three pumping scenarios are evaluated at six 
Aquia well fields, three in Calvert County and three in St. 
Mary's County, to evaluate ground-water supply potential. 
The supply potential of a well field is related to the amount 
of drawdown available in the area where the pumping wells 
are located. In Maryland, water-level declines due to ground
water pumpage are permitted up to 80 percent of the avail
able drawdown, a distance measured from the prepumping 
water level to the top of the aquifer (fig. 31). The three well 
fields in Calvert County selected for discussion are at Chesa
peake Ranch Estates, Solomons, and Prince Frederick. The 
well fields in St. Mary's County are located at Lexington 
Park, Patuxent Naval Air Test Center, and Leonardtown. 
Because past projections of future growth have underesti
mated water demand, the maximum GAP scenario is the 
focus of the evaluation. 

Graphs showing both simulated and measured water 
levels of the Aquia aquifer along with historical and future 

Table 9. Three future scenarios estimating total pumpage from the Piney Point-Nanjemoy and 
Aquia aquifers in Calvert and St. Mary's Counties 

(in million gallons per day; A = Aquia aquifer; PP = Piney Point-Nanjemoy aquifer) 

Calvert County St. Mary's County 
Pumping scenario 

1995 2020 1995 2020 

County Water A pp Total A pp Total A PP Total A PP Total 

Plans 3.7 2.0 5.7 6.4 3.5 9.9 4.7 3.5 8.2 6.5 4.4 10.9 

Average GAP 4.6 2.1 6.7 5.8 3.3 9.1 5.9 3.3 9.2 6.2 4.0 10.2 

Maximum GAP 5.4 3.3 8.7 7.6 3.5 11.1 8.3 3.6 11.9 8.7 4.3 13.0 
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Table 10. Projected pumpages by sanitary district/planning area from the Aquia and Piney Point-Nanjemoy aquifers based on St. Mary's and 
Calvert Counties' population growth estimates 

(PNPN = Piney Point-Nanjemoy; D = domestic users; M = major users; Population growth estimates listed in table 11; pumpages listed in Appendixes C and D; 
pumpage for 2020 Maximum GAP scenario is shown in parenthesis) 

1990 1995 2000 20 10 2020 

PUlllDugc (1.000 gal/d) Pum pagc ( I ,OOO~l/d) PUIllPagc ( 1,000 gal/d) Pu mnagc (1 .000 gal/d) Pumnagc (1.000 gal/d ) 

Sanitary 
d istrici 

I . LlickJand Run 

2. DlIkchurl's Creek 

3. Leonardtown 

4. Flood C reek 

5. Piney Point 

6, I ,ake Conoy 

7. Carroll Pond 

8 . Pine lI ill Run 

9. M:lI1nT RUII 

10. Indian Cn,"ck 

Total 

Planning I\ reH t 

Plannill g I\rca 2 

Planning ArcaJ 

Tola l 

Population 

7,68-1 

5.52& 

9,471 

1.86:1 

3Jil7 

1.076 

3.229 

32.801 

3.599 

7.106 

75.974 

1(1.597 

12.35 1 

22A24 

51,372 

Tolal 
(Aquia + 

Pilley 
Poi nt ) 

493.1 

240.2 

52 1.2 

I7RA 

352.4 

425 . 

704.2 

3.S64.9 

130. 

.nO.7 

7.240 .1 

1,628 .R 

908 .8 

1.906.4 

4,444 

Aquia I PNPN 

J) = domes tic users; 
M = major users 

D: 265. 
M: 189.1 

0 : 68. 
M : 134.2 

I): 83. 
M: 399.2 

I) ' 70 
M: 4.4 

0 : 70 
M : 71.4 

I): O. 
M: O. 

I): 62. 
M: 62.2 

I). 92. 

M:2,079. 1 

D: 92. 
M: O. 

I) : 178. 
M: 11 4 .7 

4.034.3 

I): 230. 
M: 579,4 

D: 330. 
M: 297.8 

D 990. 
M : 334.4 

2.76 1.6 

39.0 
O. 

38. 
o 

39. 
O. 

104 . 
O. 

2 11. 
O. 

425. 
O. 

580. 
O. 

1, 11 9. 
574.& 

38. 
O. 

38. 
O. 

3.205.8 

65 1. 
168.4 

232. 
:19. 

582. 
O. 

1,6R2,4 

Population 

8.788 

6.0 17 

10,532 

2,070 

4.008 

1.1 76 

3.529 

37.639 

4,032 

8.235 

86.026 

20.870 

15,53 1 

28. 197 

64.598 

Tola l Aguia PNPN 
(Aq uia + 

Piney 
Point) 

607 . 

277.2 

59& 

198.5 

369.1 

4-14 . 

722 . 

4.3983 

135 . 

422 . 1 

8.171.2 

2.256.4 

1.11 4..1 

2.:125. 1 

5.m5.8 

D domestic users; 
M maioruscrs 

0 : 274. 
M: 293. 

D: 70. 
M: 167.2 

I): 85. 
M: 473. 

D: 72. 
M: 17.5 

D' 72. 
M: 77. 1 

D: O. 
M : O. 

I): 64. 
M: 48. 

D: 94 . 
M:2A47 . 1 

J): 95. 
M: O. 

D: 184. 
M: 19R.1 

4.731.0 

I): 264 . 
M: %(" 

I): 380 
M: 428,4 

1):1.136. 
M: 483 . 1 

3.(157.5 

40. 
O. 

40. 

40. 
O. 

109. 
O. 

220. 
O. 

444. 
O. 

6 10 
O. 

1.177 
680.2 

40 . 
O. 

40. 

3,440.2 

792 . 
234,4 

282. 
23 .9 

706. 
O. 

2.038.3 

Popu lation 
TOlal !\quia I PNPN 

(Aquia I-

Pine\' D domestic users; 
)loin ;) M ~ IIw jor users 

SI. Mary's Cuun tv 

9.43 1 630. 

6.206 303.8 

11 .020 622 .7 

2. 1(,3 2 18.9 

4.208 J9-t.5 

1.221 473. 

3.663 775,4 

:W.5X9 4.700.2 

4.289 144. 

S.%6 448.7 

90 .. 756 R.7 11.2 

Calvert Counly 

24.230 2.70 1.5 

IR .032 1.259.7 

32.738 2.5Cl:l.H 

75.000 6.525 .0 

I): 290. 
M' 297. 

I): 74 . 
M: IR7 .8 

D: 90. 
M: ·189.7 

I) 7(, . 

M: 26 .1) 

I): 76. 
M: H4 .5 

D: O. 
M: O. 

I): oR. 
M: 50.01 

I): 100. 
M:2.o I2.'.> 

I) : 101. 
M: O. 

I): 1l}5 . 
M: 2 10.7 

5.029.9 

I): 2R6 
M :1.2J2 .9 

D: 4 12. 
M : 5 12 .-1 

D: 1.2J2 
M: 56Cdl 

4.242 . 1 

43.0 
O. 

42. 
o 

43 
o 

11(,. 
O. 

234 . 
O. 

47:l 
o 

657. 
O. 

1.267. 
720.3 

43 
O. 

43. 
O. 

3.68 1.3 

859 , 
J2J.6 

.1()6. 
2lJ.J 

765 . 
O. 

2.282.9 

Popula tion 

10,762 

6.606 

12.234 

2,480 

-1.958 

1.329 

3.989 

44.575 

4.874 

10.627 

102.434 

30.692 

22.R40 

~1.468 

95.000 

Tota] Aquia PNPN 
(1\quia ! 

Piney 
Poi nt ) 

821. 

329. 

6793 

24 1.() 

431.J 

516. 

85-1 .7 

5.205 

15(, 

591 .7 

9.825.6 

J.X I XA 

1.684 ,4 

:lA7:l.R 

8.1J7(dl 

D '= dOlllestic users; 
M = maior lIsers 

I): 317. 
M : 457. 

D: 8 1. 
M: 202 . 

D: tJ9. 
M: 533.3 

I): &4. 

M: 31.6 

I) : 84. 
M : 9 1.3 

D: 0 
M: O. 

D: 74. 
M: 54.7 

D: 109 
M:2.9 12. () 

I): 110. 
M: O. 

I): 213. 
M: 332.7 

5.786.2 

D: .197. 
M:1.798.2 

1): 573. 
M:654.1 

D:1.710. 
M: 700.8 

5.S:U.1 

47 . 
O. 

46 . 
O. 

47. 
O. 

126. 
O. 

256. 
O. 

5 16 . 
O. 

726. 
O. 

1.'102. 
?R I A 

46. 
O. 

46. 
O. 

4.0:W.4 

1. 19J . 
430 .2 

42'1. 
33.3 

1.0(,J . 
O. 

J. 14J.5 

\\lpulalillll 

12.176 

7.0-17 

13.589 

VU5 

5.787 

1.448 

-1.3-17 

50. 1&3 

5.508 

12,419 

1[ 5.339 

19.73X 

29.572 

D.690 

121.000 

TOla l 
(Aq uia +

Pill ey 
Poin t) 

1.0·17 

354 .2 

724.6 

2(1('. 1 

46.1..1 

551. 

923.8 

5.702 

175. 

647 .9 

10.85-1 .9 
( 12.973.2) 

4 . 196.5 
(5.052 .5) 

I.X(J4,(, 
( 1.846.3) 

J.S-l4 .5 
(4.215 .3) 

9.905 .J 
( 11.1 14) 

Aquia PN PN 

]) "- dumesti c users: 
M maior users 

I): 360. 
M: 637 

I): IJ2 
M: 213.2 

D: 11 2. 
M : 562f, 

1): 95 . 
M : 3(,.1 

]): ')5 
M : 95.3 

I): 0. 
M: O. 

I): 84. 
M: 57.8 

1): 12<1. 
M:.1.204 . .:i 

D: 125. 
M: 0 

D: 2·12. 
M: 355.9 

(,A91.4 
(8l,(,3.tJ ) 

D: ,142 . 
M: I.96 I.7 
(2,8(,1.2) 

D: 637 
M: 720.R 
(682.2) 

1>:1.1)02. 
M : 7(,0.5 
( I.U I.3) 

(,.424 .0 
(7'()55 .7) 

50. 
O. 

49. 
O. 

50. 
O. 

135. 
O. 

273. 
O. 

551. 
o 

782 
O. 

1.510. 
863.5 

50. 
O. 

50. 
o. 

4.Y,3.5 
( .. LW9.3) 

1.J2(1. 
4M.X 

(42'3) 

472. 
.14 .5 
(55) 

1.182 
O. 
(0) 

,ARU 
(3,45R.3) 



Table 11. Population growth estimates based on St. Mary's County Comprehensive Water and Sewerage 
Plan (1993, Ch. 2, p. 18, tab. 2-1), and Calvert County Comprehensive Water and Sewerage Plan 
(1993, Ch. 2, p. 127, tab. 2) 

SI. Mary's County Projected Population by Sanitary District 
[(*) linear inte rpolation] 

Sanitary Distr ict 1 1990 I 1993 I 1995 * I 1998 I 2000* I 2003 I 20\0* I 2013 I 2020* 

1 Luckland Run 7,684 8,511 8,788 9,204 9,431 9,772 10,762 11 , 186 12 , 176 

2 Dukehart 's 5 ,528 5,932 6,017 6, 145 6,206 6,297 6,606 6,738 7,047 
Creek 

3 Leonardtown 9,471 10,325 10,532 10,843 11 ,020 11 ,285 12,234 12,640 13,589 

4 Flood Creek 1,863 2,038 2,070 2, 118 2, 163 2,23 1 2,480 2,586 2,835 

5 Piney Point 3,617 3,951 4,008 4,094 4,208 4,378 4,958 5,207 5,787 

6 La ke Conoy 1,076 1, 158 1, 176 1,204 1,22 1 1,246 1,329 1,365 1,448 

7 Ca rroll Pond 3,229 3,473 3,529 3,6 13 3,663 3,738 3 ,989 4,096 4,347 

8 Pine Hill Run 32,801 36,8 10 37,639 38 ,883 39 ,589 40,649 44 ,575 46,257 50,183 

9 Manor Run 3,599 3,924 4,032 4, 195 4,289 4,430 4,874 5,064 5,508 

10 Ind ian Creek 7, 106 7,929 8 ,235 8,694 8,966 9,373 10,627 11, 165 12,419 

Total 75,974 84,050 86,026 88,993 90,756 93 ,399 102,434 106 ,306 115 ,339 

Ca lve rt County Projected Population by Election Distr ict/Plann ing Area 
[US. Census Bureau (+) and Maryland Offi ce of Plan ning (.) totals were distributed based on 1990 popu lation in planning areas] 

Planning Areal I 
Election District 

1990 I I 1995+ I 
I 16,597 20,870 

2 12,3 51 15,531 

3 22,424 28 , 197 

Total 51 ,372 64,598 

projections of Aquia pumpage by major users are shown in 
figures 32 to 37 for six localities. Potentiometric surfaces of 
the Piney Point and Aquia aquifers fo r 2020 obtained using 
pumpages based on the County Water Plans scenario and 
the Maximum GAP scenario for 2020 are shown in figures 
38 to 4J. 

The simulated water leve ls and drawdowns shown in 
figures 32 to 41 represent an average water level for the 
area covered by a model cell. The water levels in pumping 
wells located withi n a cell are usuall y deeper than the cell 
average (fig . 31). Greatest drawdown occurs when all of the 
nodal pumpage is discharged from one well, rather than dis
persed among several wells. Additional drawdowns simu
lating water level in a pumping well were calcu lated using 
the Thiem equation (Trescott, Pinder, and Larson, 1976, p. 
8-10). This method states that additional drawdown is di
rectly proportional to the pumpage rate and to the logarith
mic ratio of grid s ize to well radius, and inverse ly propor-
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I 2000· I I 20 10. I I 2020· 

24,230 30,692 39 ,738 

18,032 22,840 29,572 

32,738 41.468 53 ,690 

75,000 95,000 123 ,000 

tional to aquifer transmissivity. Additional drawdown is in
dependent of the water level in the well. In applying the 
Thiem equation, it was assu med that (1) flow is laminar; (2) 
there is no well loss (100% well efficiency); (3) the entire 
aquifer is screened; (4) the effective well radius is I ft ; and 
(5) the aqu ifer is homogeneous and infi nite in areal extent. 
These assumptions are idealized conditions that are not usu
ally met in the field , often causing calculated water level s in 
pumping well s to deviate from those measured in the f ield. 
The model cells covering the Leonardtown, Lexington Park, 
Patuxent Nava l Air Center, C hesapeake Ranch Estates, 
Solomons, and Plince Frederick well fie lds are 0.5 mi by 
0.5 mi and usually contain more than one pumping well. 
Two estimates of additional drawdown from the cell aver
age are given in table 12 . One is for 1994 withdrawal rates 
and the other for a hypothetical 2020 scenario in which the 
maximum appropriation rate is app lied as an annual aver
age . In both scenarios pUl1lpage is evenly distributed w ithin 
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Figure 29. Projected pumpages from the Aquia and Piney Point-Nanjemoy aquifers by sanitary district based 
on St. Mary's County Water Plan and population growth estimates. 

multi-well cells to calculate additional drawdown. 

Chesapeake Ranch Estates Area 

The Chesapeake Ranch Water Company, located in 
southern Calvert County, began pumping from the Aquia 
aquifer during the 1960's. Pumpage from four production 
wells in 1994 was 0.49 Mgal/d (fig. 32); domestic usage in 
surrounding County Planning Area I was 0.25 Mgal/d (Ap
pendix D2). The average measured water level in CA Fd 70 
was 94 ft below sea level in 1994 (fig. 27, Appendix H). 
The water level was at 101 ft below sea level in the pump
ing cell containing wells CA Fe 18 (tab . 12). Model calibra-
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tion is reasonable in this area with simulated water levels 
matching measured water levels within 4 ft in observation 
wells and 11 ft in pumping wells (Appendix H). Eighty per
cent available drawdown calculated for pumping node CA 
Fe 18 is 381 feet, based on the difference between the 
prepumping water level (6 ft above sea level) and the top of 
the Aquia aquifer (470 ft below sea level) (tab. 13). The 
GAP management water level (calculated as prepumping 
water level minus the 80% available drawdown) is 375 ft 
below sea level (fig. 42, tab. 13). The Maximum GAP sce
nario simulation (1.1 Mgal/d annually from 1995 to 2020 at 
the Chesapeake Ranch well field and 0.44 Mgal/d in 2020 
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Figure 30. Projected pumpages from the Aquia and Piney Point-Nanjemoy aquifers by planning district based 
on Calvert County Water Plan and population growth estimates and 2020 Maximum GAP scenario. 

by domestic users in County Planning Area 1) lowers the 
cell-average water level of well CA Fe 18 to about 220 ft 
below sea level in 2020 (tabs. 12 and 13). The 2020 addi
tional drawdown in pumping well CA Fe 18, estimated us
ing the Thiem equation, is 94 ft (tab. 12). Thus, remaining 
available drawdown is 6 1 ft in 2020 (tab. 13), indicating 
that pumpage in the Chesapeake Ranch Estates area could 
be raised beyond the maximum GAP rate before drawdown 
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reaches the 80% management criteria. 

S%mans Area 

Pumpage from the Aquia aquifer in the Solomons area 
reached its peak during 1940 to 1949 when 0.75 Mgal/d 
was pumped at the Naval Air Test Center Annex; by the 
1970 to 1979 period pumpage at the site had decreased to 
0.07 Mgal/d. In 1986 Calvert County public supply wells 
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Figure 31. Remaining available drawdown and management water level in a predictive 
pumping scenario. 

CA Fd 68 and Fd 69 began pumping the Aquia aquifer at a 
rate that reached 0.187 Mgal/d in 1994. Combined pumpage 
in the area by major users in 1994 was 0.28 Mgal/d; domes
tic usage in Planning Area 1 was about 0.25 Mgal/d. The 
average measured water level in well CA Gd 6 was 93 ft 
below sea level in 1994 (Appendix H). Model calibration 
was accurate in this area with simulated water levels match
ing measured water levels within 1 foot (fig. 33, Appendix 
H). Eighty percent available drawdown calculated for the 
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pumping node of wells CA Fd 68 and Fd 69 is 350 ft, based 
on the difference between the prepumping water level (8 ft 
above sea level) and the top of the Aquia aquifer (430 ft 
below sea level) (tab. 13). The GAP management water level 
(fig. 42) is 342 ft below sea level (tab. 13). The Maximum GAP 
scenario simulating combined pumpage of 0.735 Mgal/d 
from major users in the Solomons area and 0.44 Mgal/d from 

(Text continued on p. 72.) 
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Figure 32. Simulated and measured water levels of the Aquia aquifer in well CA Fe 18 and 
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Figure 36. Simulated and measured water levels of the Aquia aquifer in well SM Of 61 and 
historical and future projections of Aquia pumpages by major users at Patuxent 
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Figure 37. Simulated and measured water levels of the Aquia aquifer in well SM Dd 50 and 
historical and future projections of Aquia pumpages by major users at Leonard
town. 
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Figure 38. Simulated 2020 potentiometric surface of the Piney Point-Nanjemoy aquifer based on 
County Water Plans scenario. 
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Figure 39. Simulated 2020 potentiometric surface of the Aquia aquifer based on County Water 
Plans scenario. 
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Figure 40. Simulated 2020 potentiometric surface of the Piney Point-Nanjemoy aquifer based on 
the Maximum GAP scenario. 
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Figure 41. Simulated 2020 potentiometric surface of the Aquia aquifer based on the Maximum 
GAP scenario. 
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Table 12. Estimated additional drawdowns in selected Aquia production wells based on 1994 pumpages and 2020 Maximum GAP scenario 

(NATC = Naval AirTest Center; Mgal/d = million gallons per day) 

1994 Pumpage 

Rate 
Cell 

Rate 
apportioned 

average 
apportioned GAP 

Well field Pumping well water 
number to to each 

pumping 
level, 

pwnping 
ft 

node, 
below 

well , 
Mgalld 

sea level') 
Mgalld 

Leonardtown SM Dd 39, 65, 66 67-003 0.214 -80 0.071 

Leonardtown SM Dd 41,45 67-009 0.021 -58 0.011 

Lexington Park SM Of 22, 42,76, 78 46-00 1 0.602 -127') 0.151 

Lexington Park SM Df 62 46-001 0.301 -11 8 0.301 

Lexington Park SM Df 89,92 46-001 0.301 -111 0. 151 

Paruxent NA TC SM Df 7, 10, 12, 43 74-018 0.222 -105 0.055 

Paruxent NA TC SM Df I, 3, 4, 5, 61 74-018 0.153 -112 0.031 

Paruxent NA TC SM Dg 5,6 74-018 0.088 -81 0.044 

Paruxent NATC SM Dg I, 2, 3 74-018 0. 153 -87 0.051 

Chesapeake CA Fe 18, 30 60-002 0.245 -101 0.123 
Ranch Estates 

Prince Frederick CA Db 41,44, 46 74-005 0.255 -54 0.055 
CA Dc 50,53 

Solomons CA Fd 68,69 84-003 0.187 -93 0.094 

Naval Air CA Fd I 93-048 0.089 -84 0.089 

Tcst Center, 
Solomons Annex 

1) Simulated 1994 water level obtained by simulating 1900-1994 pumpage. 
2) Simulated 2020 water level obtained by using the maximum GAP rates from 1995 to 2020 annually. 
" Deepest water level simulated; water level in well SM Df 42 measured in 1994 is -131 ft. 

Rate 
Additional 

apportioned 
drawdown 

to 
in pumping 

pumping 
well 

ft 
node, 

Mgalld 

36 0.363 

6 0.065 

40 1.000 

87 0.500 

42 0.500 

IS 0.434 

8 0.310 

12 0.186 

14 0.310 

42 0.550 

IS 0.370 

34 0.585 

34 0. 150 

2020 Maximum GAP Scenario 

Cell 
Rate 

average 
apportioned 

Additional 
water drawdown uyer Row Column 

to each 
level, 

pumping 
in pwnping 

ft well 
below 

well, 
ft 

sea level') 
¥galld 

-158 0. 121 61 34813 

-125 0.033 36 353 15 

-235') 0.250 95 35632 

-224 0.500 144 35430 

-214 0.250 72 35427 

-205 0. 108 30 35334 

-215 0.062 16 35431 

-164 0.093 25 35139 

-171 0.103 28 35438 

-220 0.275 94 34237 

-106 0.074 20 32817 

-222 0.293 106 34432 

-188 0.150 57 34530 

I 

~ 
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Table 13. Estimated 2020 Aquia water levels and remaining available drawdowns using Maximum GAP scenario and simulated 1995 to 2020 
water levels using County Water Plans scenario 

(see figure 41 for explanation of columns; column 9 calculated from Thiem equation) 

I 2 3 4 5 6 7 8 9 10 II 

Cell average water level 2020 water level 
usin County Water Plans scenario using Maximum GAP scenario 

Top of 80% 
GAP 

Number 
Map location number (fig. 13), Prepumping Management In well 

location name, ft, above 
Aquia available 

water level, 
of wells Cell 

ft, below drawdown 1995 2000 2010 2020 in 
and well numbers sea level 

sea level ft 
ft, below ft, below ft, below ft, below ft, below cell 

average 
Additional Water level 

Remaining 
sea level sea level sea level sea level sea level 

ft, below 
drawdown ft, below 

available 
sea level drawdown 

ft sea level 
ft 

Calvert County 

4 North Beach, Town of +10 -270 224 -214 -26 -30 -37 -4 1 2 -54 54 -1 08 106 
(CA Be 44, 45) 

6 Chesapeake Beaeh, +14 -310 259 -245 -35 -40 -52 -58 4 -72 32 -104 141 
Town of 
(CA Be 3, 5, 31 , 43) 

15 Prince Frederick +24 -330 283 -259 -55 -66 -90 -1 02 5 -106 20 -126 133 
(CA Db 41 , 44, 46, 
Dc 50,53) 

24 Chesapeake Ranch Estates +6 -470 381 -375 - 114 - 134 -1 72 - 189 2 -220 94 -314 61 
(CA Fe 18,30) 

25 Solomons +8 -430 350 -342 -97 -11 6 - 151 -167 2 -222 106 -328 14 
(CA Fd 68, 69) 

26 Naval Air Test Center, +9 -430 351 -342 -88 -102 - 130 - 143 I -1 88 57 -245 97 
Solomons Annex 
(CA Fd 1) 

- --- - -- - -_ . ----- . . -

i 

i 
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Table 13. Estimated 2020 Aquia water levels and remaining available drawdowns using Maximum GAP scenario and simulated 1995 to 2020 
water levels using County Water Plans scenario-Continued 

1 2 3 4 5 6 7 8 9 10 11 

Cell average water level 2020 water level 
usin County Water Plans scenario using Maximum GAP scenario 

Top of 80% 
GAP 

Number 
Map location number (fig. 13), Prepumping Management In well 

location name, ft, above 
Aquia avai lable 

water level, 
of wells Cell 

ft,be low drawdown 1995 2000 20 10 2020 in 
and well numbers sea level 

sea level ft 
ft , below ft, below ft, below ft, below ft , below cell 

average 
Additional Water level 

Remaining 
sea level sea level sea level sea level sea level 

ft, below 
drawdown ft, below 

available 
sea level drawdown 

ft sea level 
ft 

St. Mary's County 

28 Laurel Ridge Subdivision +38 -260 238 -200 -43 -49 -72 -81 2 -90 24 -11 4 86 
(SM Be 33, 34) 

34 Country Lake Subdivision +37 -270 246 -209 -65 -71 -91 - 11 4 3 - 11 6 65 - 18 1 28 
(SMCb 18, 19,30) 

43 Leonardtown +20 -3 10 264 -244 -83 -91 -106 -116 3 -1 58 61 -219 25 
(SM Dd 39, 65, 66) 

49 Cherry Cove, + 12 -305 254 -242 -56 -62 -71 -79 2 -103 40 -1 43 99 
Breton Bay Estates 
(SM Dd 33, 44) 

52 Wildewood Subdivision + 15 -430 356 -341 -93 - 104 - 123 - 136 2 -208 126 -334 7 
(SM De 36, 50) 

56 Lexington Park +13 -450 370 -357 -1 22 -134 -1 54 -172 I -224 144 -368 . 1\ 
(SM Df62) 

57 Lexington Park + 13 -450 370 -357 ·\31 - 143 -163 - 182 4 -235 95 -330 27 
(SM Of 22,42, 76, 78) 

58 Patuxent Naval Air + 13 -450 370 -357 - 11 6 -1 27 -147 - 163 5 -2 15 16 -231 126 
Test Center 
(SM Of I , 3, 4, 5, 6 1) 

66 Webster Air Field +7 -450 366 -359 -59 -64 -73 -80 3 -109 14 -123 236 
(SM Ff21 , 35, 45) 

70 Piney Point Subdivision +6 -390 3 17 -3 11 -53 -58 -66 -73 4 -106 10 -116 195 
(SM Fe 1,2,21,41) 
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Figure 42. GAP management water level and simulated Aquia water levels using County 
Water Plans and Maximum GAP scenarios for selected production wells in 
Calvert County. 

County Planning Area I (Appendix D2) lowers the water 
level in the pumping cell to about 222 ft below sea level 
(tab. 13, fig. 42). The 2020 additional drawdown in pump
ing wells CA Fd 68 and Fd 69, estimated using the Thiem 
equation, is 106 ft (tab. 12). Remaining available drawdown 
is 14 ft (tab. 13 and fig. 42) , indicating that pumpage at the 
hypothetical maximum GAP rate in the Solomons area pro
duces drawdowns approaching the 80% management crite
ria in 2020. 
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Prince Frederick Area 

In 1994 pumpages from the Aquia aquifer by major 
users in the Prince Frederick area was 0.255 Mgal/d ; do
mestic withdrawals in County Planning Area 2 was 0.36 
Mgal/d. The average measured water level in CA Db 40 
was 39 ft below sea level in 1994 (Appendix H). Model 



calibration is reasonable in this area, with simulated water 
levels matching measured water levels within 3 ft in obser
vation wells and 10 ft in the pumping cell at well CA Db 41 
(fig. 34). The 80% available drawdown calculated for the 
pumping cell that includes well CA Db 41 is 283 ft , based 
on the difference between the pre pumping water level (24 ft 
above sea level) and top of the aquifer (330 ft). The GAP 
management water level is 259 ft below sea level (tab. 13, 
fig. 42). The Maximum GAP scenario simulating combined 
pumpage of 0.37 Mgal/d by major users in the Prince 
Fredet1ck area and 0.637 Mgal/d by domestic users in County 
Planning Area 2 (Appendix D2) lowers the water level in 
the pumping cell to about 106 ft below sea level (tab. 13 , 
fig. 42). The 2020 additional drawdown in pumping well 
CA Db 41 calculated using the Thiem equation, is 20 ft (tab. 
12). Thus, remaining available drawdown is 133 ft (tab. 13 
and fig. 42) indicating that pumpage in the Prince Frederick 
area could increase above the maximum GAP rate before 
drawdowns reach the 80% management criteria in 2020. 

Lexington Park and Patuxent Naval Air Test 
Center Area 

Public supply wells at Lexington Park in the early 
1940's pumped 0.23 Mgal/d from the Aquia aquifer, increas
ing to l.2 Mgal/d in 1994 (fig. 35). The Patuxent Naval Air 
Test Center well field located adjacent to Lexington Park 
pumped more than 1.5 Mgal/d from the Aquia aquifer in the 
early 1940's and about 0.9 Mgal/d throughout the 60's, 70 's, 
and 80 's; however, by 1994 pumpage had decreased to about 
0.615 Mgal/d (fig. 36). Pumpage by domestic users in the 
Pine Hill Sanitary District has always been low, because the 
public supply system in St. Mary's County provides most 
of the water. In 1940 domestic pumpage was about 0.02, 
increasing to about 0.09 Mgal/d in 1994. Combined Aquia 
pumpage of 2.1 Mgal/d by major and domestic users in the 
Pine Hill Sanitary District in 1994 lowered the simulated 
water level to 112 ft below sea level in the cell containing 
well SM Df 61 at the Naval Air Test Center (fig. 36); at 
Lexington Park simulated 1994 water levels in the cells con
taining wells SM Df 62 and SM Df 42 were lowered to 118 
ft and 127 ft below sea level , respectively (Appendixes H 
and M). Model calibration is reasonably good in this area 
with simulated water levels matching measured water lev
els within 4 ft (figs. 35 , 36, and Appendixes Hand M). Eighty 
percent of available drawdown at Lexington Park is 370 ft , 
based on the difference between the prepumping water level 
(13 ft above sea level) and the top of the Aquia aquifer (450 
ft below sea level) (tab. 13). The GAP management water 
level (fig. 43) is 357 ft below sea level (tab. 13). The Maxi
mum GAP scenario simulation of 2.0 Mgal/d at Lexington 
Park, l.24 Mga1/d at Patuxent Naval Air Test Center (figs. 
35, 36), and 0.12 Mga1/d domestic pumpage in the Pine Hill 
Sanitary District (Appendix D2) lowered water levels in 
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wells SM Df 61, Df 42, and Df 62 to 215 ft , 235 ft , and 224 
ft below sea level, respectively (tab. 13). The 2020 addi
tional drawdowns in pumping wells SM Df 61 , Df 42, and 
Df 62, estimated using the Thiem equation, are 16 ft , 95 ft , 
and 144 ft, respectively (tab. 12). The 2020 water levels in 
wells SM Df 61 and Df 42 are 231 ft and 330 ft below sea 
level , reducing the 2020 remaining available drawdowns to 
126 and 27 ft, respectively. The 2020 drawdown in pump
ing well SM Df 62 (381 ft), however, exceeded the 80% 
available drawdown (370 ft) (tab. 13), indicating that the 
hypothetical Maximum GAP pumpage allocated to SM Df 
62 should be dispersed among several wells or decreased 
(and shifted to a deeper aquifer). 

Leonardtown Area 

The public supply wells at Leonardtown withdrew about 
0.03 Mgal/d from the Aquia aquifer in the early 1940's, 0.31 
Mgal/d in 1980, and 0.43 Mgal/d in 1994. The other two 
major users in the area are the St. Mary's Vocational Tech
nical Center and Cherry Cove-Breton Bay Estates operated 
by St. Mary's County, which together pumped about 0.1 
Mgal/d from the Aquia aquifer in 1994. The 1994 pumpage 
by domestic users in the Leonardtown Sanitary District was 
0.08 Mgal/d. In 1994 the measured water level in well SM 
Dd 50 was 61 ft below sea level (fig. 37 and Appendix H) 
and in pumping cell SM Dd 39, 80 ft below sea level (tab. 
12). Model calibration is accurate in this area with simu
lated water levels matching the measured water levels within 
an average of 3 ft (fig. 37 and Appendix H). Eighty percent 
of available drawdown calculated for the pumping node of 
well SM Dd 39 is 264 ft, based on the difference between 
the prepumping water level (20 ft above sea level) and the 
top of the Aquia aquifer (3 10ft below sea level) (tab. 13). 
The GAP management water level (fig. 43) is 244 ft below 
sea level (tab. 13). The Maximum GAP scenario simulating 
0.725 Mgal/d at the Leonardtown well field, 0.2 Mgal/d 
combined pumpage at St. Mary's Vocational Technical Cen
ter and ChelTY Cove-Breton Bay Estates , and 0.11 Mgal/d 
domestic pumpage at Leonardtown Sanitary District low
ered water levels of observation well SM Dd 50 to 130 ft 
below sea level and the model cell containing well SM Dd 
39 to 158 ft below sea level (219 ft below sea level in the 
pumping well) (tab. 12). Remaining available drawdown is 
25 ft (tab. 13, fig . 43), indicating that the water levels would 
remain above the management level in 2020 at the maxi
mum GAP withdrawal rate. 

Other Areas 

In addition to the six well fields discussed above, re
maining available drawdown in pumping wells simulated 
using the Maximum GAP scenario at Country Lakes, ChelTY 
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Figure 43. GAP management water level and simulated Aquia water levels using County Water Plans and 
Maximum GAP scenarios for selected production wells in St. Mary's County. 

Cove, Piney Point, and Wildewood subdivisions in St. 
Mary 's County and for the Naval Air Test Center Solomons 
Annex, North Beach and Chesapeake Beach in Calvert 
County are shown in table 13 and figures 42 and 43. Table 
13 also includes cell-average water levels for 1995,2010, 
and 2020 at these localities using the County Water Plans 
scenario. 
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PUMPAGE AND WATER LEVELS IN 
ADJACENT COUNTIES 

Major appropriated pumpage and domestic pumpage 
for the Piney Point-Nanjemoy and Aquia aquifers in Anne 
Arundel, Charles, and Prince George's Counties were simu-



lated in the calibration and predictive scenarios (Appendixes 
C and D). Major appropriated pumpage was also taken into 
account for the Eastern Shore counties within the model area, 
but domestic pumpage was not. 

Domestic pump age from the Aquia aquifer is the most 
significant usage of the Aquia and Piney Point-Nanjemoy 
aquifer system in Anne Arundel, Charles, and Prince 
George's Counties (Appendix D) ; in 1994 about 4.6 Mgal/d 
was withdrawn from the model area. The effects of this 
pumpage is dispersed. It has generally lowered water lev
els , but has not formed apparent cones-of-depression. In 
eastern Charles County average 1994 Aquia water levels 
ranged between 16 and 37 ft below sea level (Appendix H). 

In the northern part of the model area where the Aquia 
and Piney Point-Nanjemoy aquifer system has been breached 
by filled paleochannels (figs. 5 and 7) the Chesapeake Bay 
functions as a ground-water divide. This divide acts as ei
ther a hydraulic sink during prepumping conditions or as a 
recharge boundary under pumping conditions. Thus, the 
impact of increasing rates of appropriated and domestic 
Aquia usage (Appendix D) in Queen Anne's and Talbot 
Counties has not materially affected water levels in Anne 
Arundel or northern Calvert Counties. In the southern part 
of the model area, where overlying confining beds separate 
the Aquia aquifer from the Bay, hydraulic effects can be 
transmitted beneath the Bay. In fact, the large Aquia cone-

of-depression surrounding the Lexington Park-Solomons 
area extends into southwestern Dorchester County. In 1994 
average water levels in wells DO Db 18 and 19 (Appendix 
H) were about 40 and 42 ft below sea level, respectively. 
Aquia usage in Dorchester County is chiefly dispersed do
mestic pumpage, which is insufficient to account for draw
downs of this magnitude. 

The Piney Point aquifer is heavily pumped at Cambridge 
in Dorchester County (Appendix C). During the period 1940 
to 1980 withdrawals averaged about 2.5 Mgal/d. By 1994, 
pump age had declined to about 1.15 Mgal/d, as the city 
shifted some withdrawals to deeper aquifers . As a result, 
Piney Point water levels at Cambridge have recovered, al
though still relatively deep in 1994 (58 ft below sea level in 
well DO Ce 5) (Appendix G). Piney Point water levels in 
southwestern Dorchester County, adjacent to the Bay, are 
below sea level ; for example, 5 ft below sea level (1994) in 
the Taylors Island area (DO Db 17) (fig. 18; Appendix G). 
Piney Point pumpage in this part of Dorchester County is 
primarily from domestic wells, which probably accounts for 
most of the drawdown. Between 1980 and 1994, as Piney 
Point water levels at Cambridge rose from about 80 ft to 58 
ft below sea level (DO Ce 5), water levels in DO Db 17 
declined about 2 ft. At current pump age rates, withdrawals 
in Dorchester County appear to affect water levels mini
mally in Calvert and St. Mary's Counties and vice versa. 

FACTORS ASSOCIATED WITH DECLINING WATER LEVELS 

Current growth projections in Calvert and St. Mary 's 
Counties forecast increasing ground-water usage, particu
larly for the Aquia aquifer (tab. 10, figs. 29, 30) . Because 
past projections of future growth have underestimated wa
ter demand, a hypothetical model scenario was simulated 
whereby the maximum monthly appropriation was used as 
an average annual withdrawal rate (Appendixes E and F). 
Under these conditions Aquia pumpage for the period 1995 
to 2020 was increased in Calvert and St. Mary's Counties to 
11.1 Mgal/d and 13.0 Mgal/d, respectively (tab. 9). A com
parison of simulated 2020 water levels with the permitted 
management water level (tab. 13, figs . 42 and 43) suggests 
that the Aquia aquifer should be able to meet the demand, 
although water levels would be relatively deep. For example, 
in the Lexington Park-Patuxent Naval Air Test Center
Solomons area, cell average water levels ranging from 215 
to 235 ft below sea level could occur with levels in pump
ing wells even deeper (tab. 13), depending on how pumpage 
is dispersed within and between well fields. 

Factors associated with deepening water levels can be 
grouped into three categories: Operations, management/ 
regulation , and environmental impacts. Under a high growth 
scenario Aquia water levels could decline in some areas by 
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as much as 100 ft over the next 25 years. New production 
wells should be designed to accommodate the larger pumps 
and deeper settings needed to maintain capacity in the fu 
ture. Also, efforts should be made to construct and operate 
efficient wells (Driscoll, 1986, p. 244-245, 413-463). Hy
draulic factors associated with design flaws and poor main
tenance can contribute significantly to additional head loss 
in pumping wells. Likewise, domestic wells completed in 
the Aquia aquifer will experience significant drawdowns 
over the next 25 years. In order to economize, some older 
wells were constructed with down-hole reductions in cas
ing diameter (2 inches or less) . As water levels decline some 
domestic wells may go "dry," because submersible pumps 
can not be lowered sufficiently. Telescoped wells should be 
avoided in the future. 

An effective management strategy can minimize the 
conflict between large ground-water appropriators and self
supplied (chiefly domestic) users by assigning the two cat
egories to different aquifers where possible (Hansen, 1970). 
As shown in figure 5, the Piney Point-Nanjemoy aquifer, 
which overlies the Aquia aquifer, is present throughout much 
of St. Mary's and Calvert Counties, although it is most pro
ductive in the central and southern parts of the two coun-



ties. Projected drawdowns for the Piney Point-Nanjemoy 
aquifer are considerably less than for the Aquia. For ex
ample, the Maximum GAP scenario simulation lowered 2020 
Piney Point water levels in the Lexington Park area by about 
35 ft, a comparatively small amount. In this area (as else
where) the deepest Piney Point water levels (about 95 ft 
below sea level) remain substantially above comparable 
Aquia levels (about 235 ft below sea level) (Appendixes S 
and T). In the future, large appropriators should be restricted 
from using the Piney Point-Nanjemoy aquifer, leaving it to 
accommodate self-supplied usage. Otherwise, efforts should 
be made to connect domestic users to public-supply sys
tems. 

Because the Aquia and Piney Point-Nanjemoy aquifer 
system is not the sole ground-water source in Calvert and 
St. Mary 's Counties, other management options are also 
available. Deeper aquifers, such as the Magothy and Upper 
Patapsco, occur beneath the area. These fresh-water aqui
fers have been shown by limited test drilling and some us
age to be reasonably productive; and being deeper, they also 
provide greater available drawdown. For example, the 
Magothy aquifer becomes increasingly more transmissive 
north of Prince Frederick (Mack and MandIe, 1977, fig. 13). 
In cross-section A-A' (pI. 1), between Randle Cliff Beach 
and Bristol, Magothy transmissivity values are reported to 
range from 3,000 fOd to 6,500 ft2/d, significantly greater 
than the overlying Aquia aquifer (1,000 ft2/d to 1,500 ft2/d) . 
Magothy water levels in the northern half of Calvert County 
in 1994 were between 10 and 20 ft below sea level (com
pared to 20 to 40 ft below sea level for the Aquia) (Curtin 
and Dine, 1995, pgs. 116-135). Greater use of the Magothy 
aquifer to meet future water demand by major appropria
tors would help to stabilize Aquia water levels in this area 
and benefit self-supplied domestic users. 

Likewise, the upper Patapsco aquifers could be utilized 
in the Lexington Park -Solomons area to relieve future stress 
on the Aquia aquifer. Hansen and Wilson (1984) reported 
the occurrence of several fresh-water sands in the Patapsco 
Formation in well SM Df 84 (cross-section A-A', pI. 1); the 
uppermost sand (called the "Mattaponi" aquifer) has a re
ported transmissivity of about 2,300 ft2/d, again greater than 
the overlying Aquia (about 800 ft2 /d). In 1994 the 
"Mattaponi" water level was about 25 ft below sea level. 
Although a promising source of additional ground water, 
further testing of the Patapsco aquifers in Calvert and St. 
Mary's Counties is needed because their distribution and 
properties are less predictable than the Aquia. 

Salt-water intrusion and land subsidence due to aquifer 
compaction are two potential environmental factors associ
ated with deep drawdowns in coastal plain aquifers. Salt
water intrusion has occurred in Anne Arundel and Queen 
Anne 's Counties in areas where the Aquia aquifer outcrops 
adjacent to Chesapeake Bay and in shallow subsurface ar
eas where overlying confining beds have been breached by 
paleochannels (fig. 7) (Drummond, 1988; Fleck, Andreasen, 
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and Smith, 1996); at present the contamination is confined 
to a nan'ow strip immediately adjacent to the Bay. The Aquia 
and Piney Point-Nanjemoy aquifer system underlying 
Calvert and St. Mary 's Counties is separated from the water 
table by confining beds, which impede ground-water flow 
from the Bay to the aquifers. For example, the average age 
offive Aquia water samples from St. Mary's County, dated 
using carbon-14 methods, ranges from 15,500 years (un
corrected) to 8,500 years (corrected for "dead" carbon from 
matrix dissolution) (Mignery, 1994, tab. 2). These dates in
dicate that a long period of time is required to transport water 
from recharge areas in the water-table aquifer to production 
wells. A particle-tracking program (Pollock, 1994) was used 
to calculate velocity vectors in order to backtrack hypotheti
cal water particles from pumping cells in the Lexington Park 
area to locations where recharge is being supplied. This 
analysis, which ran 1995 pumpage to steady-state condi
tions, indicated that it would require thousands of years for 
Bay water to reach Aquia wells pumping at Lexington Park. 
The end points of particle trajectories back-tracked 200 years 
from pumping cells at Lexington Par'k and elsewhere are 
shown in figures 44 and 45 . The capture zones (or zones of 
transportS) surrounding the Aquia well fields shown in fig
ure 44 represent areal projections of the lateral surfaces that 
define the volumes of water-filled pore space needed to sup
ply 200 years of simulated pumpage. The size of the cap
ture zones depends on pumping rates with radial distances 
ranging approximately between 0,5 and 1.5 miles. Only ar
eas within the simulated capture zones provide recharge to 
wells during the specified period of time, The cross-sec
tions displayed in figure 45 show that end points defining 
vertical leakage to the well fields remain contained within 
the lower part of the Lower Confining Bed after 200 years 
of pumpage. Thus, the potential for salt-water intrusion in 
the heavily pumped southern portions of Calvert and St. 
Mary's Counties is unlikely unless direct recharge occurs 
through old uncased, ungrouted, or abandoned wells in low
land areas. Abandoned wells should be identified and prop
erly sealed to protect the deeper artesian aquifers from sur
face contamination. Wells closest to the bay shore ar'e most 
vulnerable to salt-water contamination. Selected wells in 
these ar'eas should be periodically sampled to monitor for 
increasing chloride concentrations. 

Land subsidence may be induced by aquifer compac
tion resulting from ground-water pumpage. As a coastal plain 
aquifer depressurizes , interstratified clayey beds tend to 
compact. Because of geological factors like the erosive re
moval of overlying sediments, most coastal plain forma-

8 The zone of transport for a confined aquifer is the area surrounding a 

well or well field defined by the lateral di stance that ground water flows 

for a specified period of time and can be defined by an equal-time con

tour line. A time-of-travel calculation based on hydraulic gradient of the 

cone-oF-depression is preferred because it incorporates vertical leakage 

into the calculation (Kreitler and Senger, 199 1, p. xvi). 
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tions have experienced greater overburden pressure in the 
past; this stress is called the preconsolidation stress (Holzer, 
1981, p. 693). As water levels decline, compaction remains 
relatively small until the preconsolidation stress is ex
ceeded. Davis (1987, p. 79) suggests that for Mid-Atlantic 
Coastal Plain sediments a preconsolidation stress equiva
lent to about 65 ft of water-level decline is a reasonable 
estimate. Once compaction is initiated, Davis (1987, p. 69) 
observed that the ratio of subsidence to water-level de
cline occurred in a consistent range (0.0025 to 0.0037). In 
the absence of site-specific data, these values can be ap
plied to the Lexington Park area to estimate the amount of 
land subsidence that might occur due to pump age. By 1994 
water levels near the center of the cone-of-depression in 
the Aquia aquifer had drawdowns about 144 ft from 
prepumping conditions (SM Df 42) or more than double 
Davis ' (1987) suggested preconsolidation stress equiva
lent for Atlantic Coastal Plain aquifers. On this basis, it is 
likely that compaction has commenced because the aqui
fer has an appreciable clay content. Applying petrophysical 
analyses to geophysical logs, Hansen and Wilson, (1984, 
tab. 7) estimated that the Aquia aquifer in well SM Df 84 
contains by volume about 15% interstitial clay and 24% 
laminated clay. An order-of-magnitude estimate of poten
tialland subsidence in the Lexington Park area can be ob
tained by applying Davis ' (1987) subsidence/water-level 
decline ratio (0.0025 to 0.0037) to pumping well SM Df 
42. The 144-ft draw down in well SM Df 42 is about 79 ft 
below the preconsolidation stress level which is equiva
lent to 0.20 to 0.29 ft of potential compaction. In the ab
sence of precise surveying data, it is problematic whether 
or not land subsidence has actually occurred. A "worst
case" scenario can be estimated by assuming that water 
levels decline to the permitted management level by 2020 

or about 360 ft below sea level (295 ft below the 
preconsolidation-stress equivalent). Application of Davis' 
ratio produces potential land subsidences ranging from 0.73 
to 1.09 ft. It is unlikely that subsidence of this magnitude 
would cause severe engineering problems. However, in 
coastal areas sensitive to small rises in sea level, the impact 
might be significant. The historical rate of sea-level rise at 
the Solomons Island tide gage through 1986 is 3.3 millime
ters per year (mm/year) (.011 ft/year) (Lyles, 1988, tab. 3; 
Titus and Narayanan, 1995, tab. 9-2). Davis (1987, tab. 3) 
suggests that the relative rise of sea level (1940-1980) is 
about 2.5 mm/year (0.008 ft/year) at gages along the middle 
Atlantic Coast unaffected by local instability or aquifer com
paction. 

Because aquifer compaction is a potential contributor 
to the relative rise of sea level along the Bay shoreline, con
sideration should be given to establishing long-term moni
toring sites. For example, an Aquia well equipped to record 
aquifer compaction (extenso meter well) could be constructed 
within the Lexington Park cone-of-depression to relate wa
ter-level declines to subsidence directly (Leahy and Martin, 
1994, p. 13-15). Also, a series of high accuracy bench marks 
should be established traversing the cone-of-depression; then 
precise levels (second order class 1) could be periodically 
run to document differential changes in elevation along the 
profile (Davis, 1987; Mack, 1995). 

The continued collection of accurate pumpage, water
level, and land-subsidence data is essential to manage in
creasing water demand effectively in Calvert and St. Mary's 
Counties. Observation wells serve as an early-warning sys
tem to alert managers to unforeseen water-level trends, as 
well as providing a basis to verify the model projections 
discussed in this report. 

SUMMARY AND CONCLUSIONS 

A ground-water flow model of the Aquia and Piney 
Point-Nanjemoy aquifer system was reconstructed from a 
1983 model (Chapelle and Drummond, 1983), using updated 
pumpage, water level, and hydrogeologic data. The revised 
flow model was calibrated for the steady-state 1900 
prepumping condition and the transient 1952 and 1982 
pumping conditions. The model was verified by simulations 
of 1991, 1992, 1993, and 1994 pumpages. A first order lin
ear regression analysis indicated that the goodness of fit of 
the simulated and the measured water levels was acceptable 
with a coefficient of correlation greater than 91 % and a stan
dard error ranging between 3.1 ft and 7.7 ft. 

Total average 1994 pumpage in the model area from 
the Piney Point-Nanjemoy aquifer and Aquia aquifer was 
6.8 Mgal/d and 14.4 Mgal/d, respectively. In Calvert County 
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the total 1994 pumpage from the Piney Point-Nanjemoy 
aquifer was 1.9 Mgal/d; simulated water levels of the Piney 
Point-Nanjemoy aquifer in 1994 were below sea level in 
most parts of the county, reaching about 30 ft below sea 
level in some areas. Nanjemoy water levels remained above 
sea level in parts of northern Calvert County (Planning Area 
3). In St. Mary's County, 1994 pumpage from the Piney 
Point-Nanjemoy aquifer by individual domestic users in the 
southern Sanitary Districts of Pine Hill Run, Carroll Pond, 
Lake Conoy, and Piney Point was about 2.4 Mgalld. Major 
users, chiefly Lexington Park and Patuxent Naval Air Test 
Center, withdrew about 0.76 Mgal/d. Simulated 1994 water 
levels at the Lexington Park and Patuxent Naval Air Test 
Center well fields were about 30 to 50 ft below sea level ; a 
1994 simulated water level of the Piney Point-Nanjemoy 



aquifer in well SM Df9, pumping 0.3 Mgal/d, at the Patuxent 
Naval Air Test Center was about 105 ft below sea level. 
Simulated 1993 and 1995 water levels in well SM Df 9, 
when pumping only 0.15 Mgal/d, were both 71 ft below sea 
level. 

In Calvert County total 1994 pumpage from the Aquia 
aquifer was 3.6 Mgal/d. Simulated water levels in the Long 
Beach and Calvelt Beach area were about 50 ft below sea 
level and at Chesapeake Ranch Estates about 101 ft below 
sea level. In St. Mary 's County total 1994 pumpage from 
the Aquia aquifer was 4.6 Mgal/d. A 50-ft-below-sea-level 
cone-of-depression occurs around Leonardtown. A large 
composite cone-of-depression surrounds the Patuxent Na
val Air Test Center well field (80 ft below sea level) and the 
Lexington Park well field (110 ft below sea level). The deep
est water level measured in 1994 was 131 ft below sea level 
in well SM Df 42. 

Three projected 1995 to 2020 pumping scenarios for 
major users were simulated based on: 1) a pumping sce
nario based on county water plans, 2) the 1995 annual aver
age ground-water appropriation permit (GAP) rates, and 3) 
the 1995 maximum GAP rates used as annual averages. The 
projected 1995 to 2020 domestic pumpage was increased 
from the 1994 rate based on estimated population growth. 
Pumpage in neighboring counties was kept at 1994 levels 
during each of the simulations. In the scenario based on 
county growth projections total pumpage was increased from 
5.7 Mgal/d (1995) to 9.9 Mgal/d (2020) in Calvert County 
and from 8.2 Mgal/d (1995) to 10.9 Mgal/d (2020) in St. 
Mary's County. In the Average GAP scenario total pumpage 
was increased from 6.7 Mgal/d (1995) to 9.1 Mgal/d (2020) 
in Calvert County and from 9.2 Mgal/d (1995) to 10.2 Mgal/d 
(2020) in St. Mary 's County. In the Maximum GAP sce
nario total pumpage was increased from 8.7 Mgal/d (1995) to 
11.1 Mgal/d (2020) in Calvert County and from 11.9 Mgal/d 
(1995) to 13.0 Mgal/d (2020) in St. Mary's County. 

The potential for increased ground-water pUrilpage at 
six Aquia well fields, three in Calvert County and three in 
St. Mary's County, was evaluated by comparing drawdowns 
obtained from the Maximum GAP scenario with their per
mitted management levels (80% available drawdown) . The 
well fields are located at Chesapeake Ranch Estates, 
Solomons, and Prince Frederick in Calvert County and at 
Lexington Park, Patuxent Naval Air Test Center, and 
Leonardtown in St. Mary 's County. In each case calculated 

water levels in pumping cells simulated to 2020 remained 
above the management water level. 

A simulation at the Chesapeake Ranch Estates well field 
using the Maximum GAP scenario increased 2020 pumpage 
of the Aquia aquifer to 1.1 Mgal/d (and surrounding self
supplied pumpage to 0.44 Mgal/d). Cell-average water lev
els in the area declined to about 220 ft below sea level and 
simulated water levels in a pumping well to about 314 ft 
below sea level. The management water level, based on 80% 
of available drawdown, is about 375 ft below sea level. 

A simulation using the Maximum GAP scenario that 
increased 2020 pumpage of major users of the Aquia aqui
fer at Solomons to 0.735 Mgal/d (and self-supplied usage to 
0.4 Mgal/d) lowered the cell-average water level to about 
222 ft below sea level (about 328 ft below sea level in a 
pumping well). The management water level based on 80% 
of available drawdown, is about 342 ft below sea level. 

A simulation using the Maximum GAP scenario that 
increased 2020 pumpage at the Prince Frederick well field 
to 0.37 Mgal/d (and self-supplied, domestic usage to 0.6 
Mgal/d) lowered the cell-average water level to about 106 
ft below sea level (about 126 ft below sea level in a pump
ing well). The management water level based on 80% of 
available drawdown is about 259 ft below sea level. 

A simulation using the Maximum GAP scenario that 
increased 2020 pumpage of the Aquia aquifer to 2.0 Mgal/d 
at Lexington Park, to 1.24 Mgal/d at the Patuxent Naval Air 
Test Center, and to 0.12 Mgal/d in the Pine Hill Sanitary 
District by self-supplied domestic users lowered the cell
average water level near the center of the cone-of-depres
sion to about 235 ft below sea level (about 330 ft below sea 
level in well SM Df 42). The management water level based 
on 80% of available drawdown is about 357 ft below sea 
level. 

A simulation using the Maximum GAP scenario that 
increased 2020 pumpage of the Aquia aquifer to 0.7 Mgal/d 
at Leonar'dtown, to 0.2 Mgal/d at St. Mary's Vocational Tech
nical Center and Cherry CovelBreton Bay Estates, and to 
0.08 Mgal/d in the Leonardtown Sanitary District by self
supplied domestic users lowered the cell-average water level 
near' the center of the cone-of-depression to about 158 ft 
below sea level (about 219 ft below sea level in well SM Dd 
39). The management water level based on 80% of avail
able drawdown is about 244 ft below sea level. 
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Appendix A. Selected well records 

[Depth. atated in feet below land lurface; + - water level above land IUrf""" datum (ltd); M - measured; (R) - replacement well; - - data not available] 

Approx-

State 
imate 

Date well Depth Depth 
Diameter 

Well altitude of well 
number 

permit Owner Driller 
of land 

reported hole well 
number completed (ft) (ft) 

screen 

surface (inches) 
(ft) 

AAFd 49 AA-88-29oo Old South County Country Club Wolford's Well & Pump 120 08-24-89 800 
Service, Inc. 

CA Bb 16 CA-04-7010 Regency Manor Mobile Home Willard S. Ward Co., Inc. 185 07-01-62 444 2.5 
Park 

CA Bb 21 CA-03-7400 Regency Manor Mobile Home Willard S. Ward Co., Inc. 140 1959 360 360 
Park 

CA Bb 27 CA-73-3303 U.S. Geological Survey Calvert Well Drilling Co. 137.9 08-01-79 440 320 2 

CA Bb 30 CA·73-0196 Calvert County Commissioners Willard S. Ward Co., Inc. 160 06-28-73 335 335 3 

CA Bb 41 CA-66-0044 C alvert Co unty C o mmissioners Willard S. Ward Co., Inc. 155 02-01-66 425 

CA Bb 42 CA-81-1 89 1 Calve rt Co unty Board of 155 1986 
Educatio n, 

Sunderland Elementary School 

CA Bb 43 CA-81·1573 Regency Manor Mobile H ome Calvert Well Drilling Co. 180 07-02-85 410 410 2 
Park 

CA Be 31 C A-72·0064 Chesapeake Beach, Town of Delmarva Drilling 20 12-10-71 400 373 8 

CA Be 32 C A-73·047 4 Calvert Co unty Co mmissio ners Ray Williams, Jr. 129.3 05-03-74 413 413 4 

CA Be 43 CA-73-4240 Chesapeake Beach, T own of C.Z . Enterprises, Inc. 20 1982 500 420 8 

CA Be 44 C A-88-1 829 No rth Beach, Town of c.z. Enterprises, Inc. 8 02-05-91 540 435 6 

CA Be 45 CA-88- 1828 No rth Beach, T own of C .Z . En terprises, Inc. 12 02-22-91 540 435 6 

CA Be 46 CA·88-0592 Calvert Co un ty Co mmissio ners Calvert Well Drilling Co. 100 08- 18-89 480 480 4 
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Pumping test data 

Screen Depth to 
Well 

settings Aquifer static 
Date Yield Drawdown 

Specific Duration Remarks 
number 

(ft) water 
reported (&pm) (ft) 

~acity of test 
level (&pm/ft) (hours) 

(ft) 

Patapsco Hole abandoned and AAFd 49 

plugged. See cross·section 
A·A' . 

Aquia 153 07·01·62 22 42 0.5 24 Owner's well 112. Actual CABb 16 
depth of well and screen 

setting uncertain. 

350·360 Aquia 126 12·01·59 7 24 Owner'. well 113. CA Bb 21 

310·320 Aquia 120 08·01·79 12 21 0.6 3 Observation well. CA Bb 27 
136. 13M 08·30·79 12 21 0.6 Highest water level 
138.95M 05·01·81 measured, 133. 82 ft 

below land surface 

datum, 05·06·80; lowest 

measured, 164.84 ft 
below land surface 

datum, 08·02·93. Period 
of reco rd: 08·79 to 09·93. 

See cross-section A-A'. 

315·320 Aquia 128 06·28·73 60 32 1.9 4 Lakewood. Owner's well CA Bb 30 
330·335 #2 . 

Aquia 137 02·01·66 60 10 6.0 8 Lakewood. Owner 's well CA Bb 41 

# 1. Actual depth of well 
and screen sett ing 
uncertain. 

Aquia (?) 182.84M 11·1 7·94 Completion repo rt CA Bb 42 

unavailable. Probably 
screened in Aquia aquifer 
based on measured water 

level. 

400·4 10 Aqu ia 70 07·02·85 8 60 0. 1 1 Owner 's well #1. CA Bb 43 

343·373 Aquia 11 12·10·71 105 104 1.0 6 Owner's well #1. Gravel CA Bc 31 

pack 320·373 ft. 

388·413 Aqu ia 135 05·03·74 60 11 6 0.5 6 Paris Oaks. Owner's well CA Bc 32 
#1. Gravel pack 378-413 

ft. 

300·420 Aquia 21 1982 450 106 4.2 36 Owner 's well #2. Gravel CA Bc 43 

pack 237·420 ft. 

320-435 Aquia 29 02·05·91 352 71 5.0 24 At 11 th St. & Dayton CA Bc 44 

Ave. G ravel pack 275·436 
ft. 

320·435 Aquia 35 02·22·91 352 82 4.3 24 At 8th St. & Greenwood CA Bc 45 

Ave. Gravel pack 277·436 

ft . 

400·480 Aquia 112 08·18·89 250 55 4.5 24 Highlands. Owne r's well CA Bc 46 
#3. Grave l pack 400·480 
ft. 
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Appendix A. Selected well records-Continued 

App rox-

State 
imate 

Date well D epth Depth 
Diameter 

Well altitude of well 
number 

permi t Owner D riller 
of land 

reported hole well 
num ber completed (ft) (ft) 

screen 

surface (inches) 
(ft) 

CA Bc 47 CA-88-0595 Calvert Coun ty Commissio ners Calvert Well D rilling Co_ 90 08-15-89 487 487 4 

CA Bc 48 CA-81-41 73 Calvert Coun ty Commissio ners Calvert Well D rilling Co_ 110 11 -15-88 540 530 4 

CA Bc 49 CA-81-4174 Calvert County Commissioners Calvert Well Drilling Co_ 108 03-10-89 560 548 4 

CA Bc 50 CA-88-0715 Calvert Coun ty Comm issio ners Calvert Well D rill ing Co. 150 11-09-89 460 450 2 

CA Bc 51 CA-81-1392 Calvert Coun ty Commissioners Calvert Well Drill ing Co. 100 07-10-85 515 515 4 

CA Cb 23 CA-03-4328 Calvert County Commissioners Willard s. Ward Co., Inc. 100 1959 365 

CA Cb 39 CA-72-0024 Calvert Coun ty Com missio ners Will ard s. Ward Co., Inc. 80 03-2 1-72 504 500 4 

CA Cc 18 None u.s. Navy , Naval Research Columbia Pump & Well 111.3 476 476 
Laboratory Co. 

CA Cc 39 CA-0 1-2070 U.S. Navy' Naval Research Co lu mbi a Pump & Well 93.7 08-07-53 514 51 4 8 
Laboratory Co. 

CA Cc 40 CA-01-2070 U .S. Navy, Naval Research Columbia Pump & Well 98 05-25-53 524 524 8 
Laboratory Co. 

CA Cc 41 C A-01-2070 U.S_ N avy, N aval Research Co lumbia P ump & Well 85 09-1 8-53 540 540 8 
Laboratory Co. 

CACc 55 None U.S . Navy, Naval Research Delmarva Drilling 96 1973 1,020 868 4 
Laboratory 
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Pumping test data 

Screen Depth to 
Well 

settings Aquifer static 
Date Yield Drawdown 

Specific Duratio n Remarks 
number 

(ft) water 
reported (gpm) (ft) 

capacity of test 

level (gpm/ ft) (hours) 

(ft) 

400-487 Aquia 115 08-15-89 250 50 5_0 24 Highlands. Owner's well CA Bc 47 
#4. Gravel pack 387-487 

ft. 

450-530 Aquia 135 11-1 5-88 150 65 2.3 24 Highlands. Owner's well CA Bc 48 
#1. Gravel pack 420-530 
ft . 

468-548 Aquia 165 03-10-89 150 55 2.7 24 High lands. Owner's well CA Bc 49 
#2. Gravel pack 447-548 
ft_ 

440-450 Aquia 90 11-09-89 40 15 2.7 5 Paris Oaks. Owner's well CA Bc 50 
#2. Gravel pack 430-460 
ft . 

475-515 Aquia 125 07-10-85 20 65 0.3 1 Summit. Owner's well CA Bc 51 
#2. 

Pi ney 85 1959 22 45 0.5 24 Hunting Hills. Owner's CA Cb 23 
Po int- well #1. Actual depth o f 

Nanjemoy well and screen setti ng 

uncertain. 

490-500 Aqu ia 80 03-21-72 30 6 5.0 16 Hunting Hills. Owner's CA Cb 39 
well #2. 

462-476 Aquia 76.68M 09-1 0-52 25 Observation well at CA Cc 18 
Chesapeake Bay Annex. 
Highest water level 
measured, 76 .68 ft below 
land surface datum , 
09- 10-52; lowest 
measured, 139.82 ft 
below land surface 

datum, 09-30-93. Period 
o f record: 09-52 to 09-93. 

497-514 Aquia 95 08-07-53 110 155 0.7 12 Second well drilled on CA Cc 39 
this permit; now called 
owner's well #8 at 
Chesapeake Bay Annex 

(Randle Cliff Beach). 

510-524 Aquia 11 0 05-25-53 192 190 1.01 12 First well drilled o n this CA Cc 40 
perm it i now called 
owner's well #7 at 

Chesapeake Bay Annex 
(Randle C liff Beach). 

520-540 Aquia 110 09- 18-53 150 140 1.1 12 Third well drilled on this CA Cc 41 
penn it i now called 
owner's wel l #6 at 
Chesapeake Bay Annex 
(Randle Cliff Beach) . 

858-868 Lower 84 01-28-74 130 11 2 1.2 Not Observation well at CACc 55 
Magothy reported Chesapeake Bay Annex. 

See cross-section A-A'. 
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Appendix A. Selected well records-Continued 

Approx-

State imate 
Date well Depth Depth 

Diameter 
Well altitude of well 

number 
pennit Owner Driller 

of land 
reported hole well 

number completed (ft) (ft) 
screen 

surface (inches) 
(ft) 

CA Cc 57 CA-73-2893 U.S. Geological Survey Shannahan Artesian Well 138.6 10-04-78 579 579 3 
Co. 

CA Db 21 CA-OO-9750 Calvert Memorial Hospital Washington Pump & Well 130 04-29-52 540 540 5.5 
Co. 

CA Db 26 CA-04-2924 Calvert Middle School Shannahan Artesian Well 150 06-15-61 581 576 5 
Co. 

CA D b 36 CA-67-0037 U .S. Geological Survey East Coast Well & Pump, 130 10-10-66 1,515 
Inc. 

CA D b 40 CA-72-0022 Calvert Coun ty Commissioners, East Coast Well & Pump, 23.4 01-05-72 447 447 5 
Calvert County Industrial Park Inc. 

CA D b 41 CA-69-0164 Calvert County Commissio ners Shannahan Artesian Well 151.3 12-02-69 595 588 4 
Co. 

CA Db 44 CA-73·0631 Calvert County Commissio ners Shannahan Artesian Well 140 09-03-74 589 589 5 
Co. 

CA Db 45 CA-70-0097 Calvert County Board of Shannahan Artesian Well 140 04-30-70 572 572 4 

Educatio n, Co. 
Calvert H igh Schoo l & Career 
Center 

CA Db 46 CA-73-2879 Calvert County Commissio ners, C.Z. En terprises, Inc. 140 11-15-79 617 540 6 
Calvert Memorial H ospital 

CA Db 47 CA-73-3304 U .S. Geo logical Survey Calvert Well Dri lling Co. 140 07-23-79 680 570 2 

CA Db 64 CA-73-2670 Calvert Co unty Comm issioners Calvert Well Dri ll ing Co. 150 05-20-78 551 542 4 

CA Db 88 CA-88-1903 Calve rt County Comm issioners C.Z. Enterprises, Inc. 60 05-1 6-9 1 560 549 4 

CA Dc 16 CA-00-133 1 Scientists C liffs Association, Inc. Columbia Pump & Well 80 05- 15-47 360 360 6 
Co. 

CA Dc 29 CA-65-0113 Scientists C liffs Associatio n, Inc. Colu mbia Pump & Well 123. 1 06-31-65 537 537 6 

Co. 
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Pumping test data 

Screen Depth to Well 
settings Aquifer static 

Yield Drawdown 
Specific Duration Remarks 

number Date 
(ft) water 

reported (gpm) (ft) 
capacity of test 

level (gpmlft) (hours) 

(ft) 

511-521 Aquia 144 10-04-78 10 26 004 4 Observation welL CACc 57 

Highest water level 
measured, 140_00 ft 
below land surface 
datum, 03-07-79; lowest 
measured, 168_ 10 ft 

below land surfaoe 
datum, 09-09-93_ P eriod 
of reco rd: 12-78 to 09-93_ 
Gravel pack 500-579 ft_ 

526-540 Aquia 135 04-29-52 75 75 1.0 12 CA Db 21 

533-570 Aquia 133 06-15-61 75 75 1.0 4 CA Db 26 

U.S . Geo logical Survey CA Db 36 
test hole. No casing; hole 

filled in. See cross-section 

A-A' . 

365-447 Aquia 19 12-22-71 275 181 1.5 24 Owner's test well #2. CA Db 40 
Gravel pack 345-447 ft. 

560-588 Aquia 147 12-02-69 33 35 0.9 8 Calvert Village. Owner's CA Db 41 
well #1. 

532-589 Aquia 161 09-03-74 82 50 1.6 8 Calvert Village. Owner's CA Db 44 
well #2. 

533-572 Aguia 140 04-30-70 32 30 l.l 8 CA Db 45 

500-540 Aquia 148 11-15-79 254 144 1.8 12 Gravel pack 400-540 ft . CA Db 46 

560-570 Aguia 150 07-23-79 40 24 1.7 3 Observation welL CA Db 47 
14 1.24M 08-31-79 Highest water level 

152.90M 05-01-81 measured, 141.24 ft 
below land surface 
datum, 08-31 -79; lowest 
measured, 178.44 ft 
below land surface 
datum, 09-09 -93. Period 

of record: 07-79 to 09-93. 
See cross-sect ion A-A' . 

512-542 Aquia 150 05-20-78 40 42 1.0 8 Woodridge. CA Db 64 

509-549 Aquia 171 05- 16-91 125 66 1.9 24 Barstow J ail. Gravel pack CA Db 88 
420-549 ft. 

350-360 Piney 100 05-15-47 40 50 0.8 12 Owner's well #1. CA Dc 16 
Point- Original owne r 

Nanj emoy G. F. Gravatt. Measured 
73.22 ft below land 
surface datum , 06-06-47. 

514-537 Aguia 175 06-31-65 40 115 0.4 8 Owner's well #3 . CA Dc 29 
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Appendix A. Selected well records-Continued 

Approx-

State 
imate 

Date well Depth Depth 
Diameter 

Well altitude of well 
number 

permit Owner Driller 
of land 

reported hole well 
number completed (ft) (ft) 

screen 
surface (inches) 

(ft) 

CA Dc 34 CA-03-4123 Calvert County Commissioners Sydnor Hydrodynamics, 20 07-09-59 703 485 8 
Inc. 

CA Dc 35 CA-73-0718 U.S. Geological Survey Delmarva Drilling 91.6 10·02-74 1,000 760 2 

CA Dc 36 CA-J3.0777 Calvert County Comm issioners C.Z. Enterprises, Inc. 85 11-27·74 405 272 6 

CA Dc 37 CA-73-1780 Calvert County Commissioners East Coast Well & Pump, 110 04-15·78 659 595 6 
Inc. 

CA Dc 47 CA-73·0117 Calvert County Commissioners Robert Leatherbury 28 02-15-73 307 307 2 

CA Dc 48 CA-88·0852 Calvert County Commissioners C.Z. Enterprises, Inc. 85 04·16·90 555 530 6 

CA Dc 49 CA·81 -1327 Calvert County Commissioners 85 

CA Dc 50 CA-88-2253 Calvert County Comm issioners Calvert Well Drilling Co. 100 03-20-92 620 605 6 

CA Dc 51 CA-OI·2178 Scientists Cliffs Association, Inc. Justus S. Ange IS 06·1953 227 227 6 

CA Dc 52 CA·81·2652 Scientists Cliffs Association, Inc. Calvert Well Drilling Co. 140 06·09·87 526 516 4 

CA Dc 53 CA-88-2573 Calvert County Commissioners Calvert Well Drilling Co. 116 02-14-92 620 605 6 

CA Ec 27 CA-69-0015 Calvert County Commissioners Willard C. Ward 30 10-18-68 365 

CA Ec 40 CA-66-ooo3 Edward Crook. Willard C. Ward 70 05-16-66 325 

CA Ec 41 CA-81-2328 Calvert County Commissioners Calvert Well Drilling Co. 140 09-23-86 615 603 2 
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Pu mpi ng test data 

Screen Depth to 
Well 

sett ings Aquife r stat ic 
D ate Yield Drawdown 

Specific D uratio n Remarks 
nu mber 

(ft) water 
repo rted (gpm) (ft) 

capacity of test 

level (gpm/ft) (ho urs) 

(ft) 

430-475 Aquia 24 07-09-59 271 195 1.4 24 Chesapeake Heights o n CA Dc 34 
the Bay. Owner's well 
# 1. Onginal owner 
Cassell Land Corp. 

750·760 Mago thy 82 10-02-74 12 98 0.1 12 Test well. See cross- CA Dc 35 
sectio n A-A ' . G ravel pack 

700-760 ft . 

25 1-272 Piney 78 11 -27-74 50 122 0.4 6 Dares Beach. Gravel pack CA Dc 36 

Poi nt- 211-272 ft . Locatio n 

Nanj emoy uncertain. Apparently 

pl ugged. 

555-595 Aqu ia 135 04-15·78 270 101 2.7 24 C hesapeake He ights o n CA Dc 37 
the Bay. Owner 's well 
#2. Original owner 

Cassell Uti lity Corp. 
Gravel pack 520·6 15 ft . 

292-307 Piney 45 02- 15-73 20 20 1.0 1 Prince Frederick Waste CA Dc 47 
Po int- Water Treatment Plant. 

Nanjemoy 

510-530 Aquia 114 04·16·90 100 144 0.7 24 Dares Beach. Owner's CA Dc 48 
well # 1. Gravel pack 480-
535 ft . 

Piney Dares Beach. Owner's CA Dc 49 
Po int- well #2. No completion 

Nanjemoy report available. 
(t) Apparently replaced 

CA Dc 36. 

525-605 Aquia 155 03-20-92 350 85 4.1 24 At Co un ty Rescue Squad, CA Dc 50 
Prince Frederick. 
Owner's well #4. Dc 50 
fo rme rly Db 87. G ravel 
pack 505-620 ft. 

217 ·227 Piney 28 06· 1953 40 16 2.5 52 Owner 's well #2. CA Dc 51 
Point- O riginal owner 

N anjemoy G. F. G ravatt. 

466-5 16 Aquia 155 06-09-87 100 65 1.5 4 Owner 's well #4. Gravel CA Dc 52 
pack 424-5 16 ft. 

525-605 Aquia 151 02- 14-92 350 11 0 3.2 24 At Co un ty Rescue Squad, CA Dc 53 
P rince Frederick. 
Owner 's well #3. Dc 53 

fo rmerly Db 86. Gravel 
pack 505-620 ft. 

Piney 58 10- 18-68 75 10 7.5 4 Kenwood Beach. CA Ec 27 
Point- Owner's well # 1. Actual 

Nanjemoy depth o f well and screen 
setting uncertain. 

Piney 70 05- 16-66 50 10 5.0 4 Western Shore Estates. CA Ec 40 
Po int- Actual dep th o f well and 

N anjemoy screen setting uncertain. 

583-603 Aquia 150 09-2 3·86 40 30 1.3 4 St. Leo nard. At fire CA Ec 41 
ho use. O wner 's well #5. 
Gravel pack 488-615 ft. 
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Appendix A. Selected well records-Continued 

Approx-

State imate 
Date well Depth Depth 

Diameter 
Well altitude of well 

number 
pennit Owner Driller 

of land 
reported hole well 

number completed (ft) (ft) 
screen 

surface (inches) 
(ft) 

CA Ec 42 CA-81-4117 Calvert County Commissioners Calvert Well Drilling Co. 75 06-14-88 310 300 2 

CAEd 17 CA-04-0670 Calvert County Commissioners L. Rude & Son 50 1960 315 315 

CA Ed 19 CA·05-4331 Beaches Water Co., Inc. Willard S. Ward Co., Inc. 65 03-1964 365 

CA Ed 22 CA·69·0039 Baltimore Gas & Electric Co. Shannahan Artesian Well 120 11·22-68 789 758 6 
Co. 

CA Ed 23 CA-72-oo41 Baltimore Gas & Electric Co. Shannahan Artesian Well 80 10-26-71 607 607 6 
Co. 

CA Ed 24 CA-70-0063 Baltimore Gas & Electric Co. Shannahan Artesian Well 100 01-07-70 640 637 6(?) 
Co. 

CA Ed 25 CA·69-0035 Baltimore Gas & Electric Co. Shannahan Artesian Well 60 10-25-68 638 623 6 
Co . 

CA Ed 32 CA-02-3170 Calvert County Comm issioners Sydnor Hydrodynamics, 100 06-01-56 402 389 6 
Inc. 

CA Ed 33 CA-73-0938 Beaches Water Co., Inc. Willard C. Ward IS 08-23-75 303 262 3 

CA Ed 35 CA-02-9966 Beaches Water Co ., Inc. L. Rude & Son 20 02-14-58 452 452 2 (?) 

CA Ed 37 CA-73-2925 Calvert County Commissioners Willard C. Ward 120 10-08-78 325 322 3 

CA Ed 38 CA-73-2926 Calvert County Commissioners Willard C. Ward 120 10-06-78 350 323 3 

CA Ed 43 CA-73-3266 Beaches Water Co., Inc. Willard C. Ward 4 06-05-79 272 272 2 

CA Ed 45 CA-73-4435 Baltimore Gas & Electric Co . Shannahan Artesian Well 60 11-18-82 621 608 5 
Co. 

CA Ed 46 CA-73-4436 Baltimore Gas & Electric Co. Shannahan Artesian Wel l 59 10-13-82 621 621 5 
Co. 

CA Ed 47 CA-8 1-0754 Baltimore Gas & Electric Co . Frank's Well Drill ing 10 03-02-84 565 565 2 

CA Ed 48 CA-88-2256 Beaches Water Co. , Inc. Arundel Well & Pump 90 07-30-91 585 585 3 

Service 
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Pumping test data 

Screen Depth to Well 
settings Aquifer static 

Yield Drawdown 
Specific Duration Remarks 

number D ate 
(ft) water 

repo rted (gpm) (ft) 
capacity o f test 

level (gpmlft) (boun) 

(ft) 

280-300 Piney 90 06-1 4-88 40 25 1.6 2 Kenwood Beach_ C AEc 42 

Po int- Owner's well #2_ Gravel 

Nanjemoy pack 260-300 ft _ 

189-315 Piney 35 1960 35 8 Wh ite Sands_ CA Ed 17 

(Open Point-
hole) N anjemoy 

Piney 63 03-1964 22 7 3.1 8 Long Beach. Owner's CA Ed 19 

Point- well Locust # 1. Actual 

N anjemoy depth of well and screen 
setting uncertain. 

725-758 Mago thy 113 11-22-68 30 187 0.2 10 T est well #2. See cross- CA Ed 22 
sect io n A-A '. 

483-607 Aquia 63 10-26-71 350 110 3.2 24 Gravel pack 392-607 ft. CAEd 23 

524-637 Aquia 92 01-07-70 310 107 2.9 24 O wner's well #3. CA Ed 24 

510-623 Aqu ia 66 10-25-68 310 110 2.8 18 T est well #1. CA Ed 25 

82 04- 11 -79 

340-355 Piney II I 06-0 1-56 52 139 0.4 10.5 White Sands. CA Ed 32 

374-389 Point- 109 07-1 8-79 

N anjemoy 

25 2-262 Piney 10 08-23-75 100 70 1.4 4 Balsam Beach. CA Ed 33 

Point-
N anjemoy 

428-452 Aquia 5 02- 14-58 30 12 Flag H arbo r. Owner's CA Ed 35 
well # IB. 

302-322 Piney 73 10-08-78 80 107 0.7 4 C alvert Beach P ark West. CA Ed 37 
Point-

Nanjemo y 

303-323 Piney 78 10-06-78 80 102 0.8 4 Calvert Beach Park West. CA Ed 38 
Poin t-

N anjemoy 

262-272 Piney 10 06-05-79 150 40 3.8 4 Bayview Beach. C A Ed 43 
Po int-

N anj emoy 

520-608 Aquia 86 11-1 8-82 230 9 1 2.5 8.5 See cross-section A-A '. CA Ed 45 
G ravel pack 420-608 ft. 

520-621 Aquia 98 10-1 3-82 230 83 2.8 9 C A Ed 46 

477-48 2 Aquia 49 03-02-84 24 18 1.3 8 Lat. 38 °25'49" long. C A Ed 47 
503-508 76°26'0 1". Not included 
518-523 in report. T est w ell , w as 

observatio n w el lj 

dest royed. 

555-585 Aquia 200 07-30-91 85 20 4.2 8 Owner's well Beaches #3 . CA Ed 48 
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Appendix A. Selected well records-Continued 

Approx-

State imate 
Date well Depth Depth 

Diameter 
Well altitude of well 

number 
permit O wner Driller 

of land 
reported hole well 

number completed (ft) (ft) 
screen 

surface (inches) 
(ft) 

C A Ed 49 CA-81-1940 Beaches Water Coo, Inc_ Willard S. Ward Co., Inc. 100 01-24-86 356 356 3 

CA Ed 50 CA-81-1941 Beaches Water Co ., Inc. Willard S. Ward Co. , Inc. 100 01 -24-86 357 357 3 

CA Ed 51 C A-88-0014 Beaches Water Co. , Inc. Willard S. Ward Co ., Inc. 90 11-15-88 360 360 3 

CA Fd I None U .S. Navy: Patuxent Naval Air Washington Pump & Well 21 1942 500 500 
T est Center, So lo mo ns Annex Co. 

CA Fd 38 CA-04-4077 C hesapeake Ranch Water Co. Patuxent Pump & Well , 85 09-12-61 355 355 5.25 
Inc. 

CA Fd 39 CA-04-4076 C hesapeake Ranch Water Co . Patuxent Pump & Well , 105.1 03-24-62 626 626 5_25 
Inc. 

CA Fd 50 CA-73- 1448 U .s . Geo logical Survey Milton Stroud 94 09-20-76 401 350 2 

C A Fd 51 C A-73-1449 U .S. Geo logical Survey Milton Stroud 129.4 09-29-76 390 352 2 

CA Fd 52 CA-73-1 450 U.S . Geological Survey Milton Stroud 101 09-27-76 318 318 2 

CA Fd 54 C A-73-2892 U .S _ Geological Survey Shannahan Artesian Well 129.4 10-12-78 699 651 3 

Co. 
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Pumping test data 

Screen Depth to 
Well 

settings Aquifer static 
Yield Drawdown 

Speci fic Duratio n Remarks 
number Date 

(ft) water 
repo rted (gpm) (ft) 

capacity o f test 

level (gpm/ ft) (hours) 
(ft) 

33 1-356 Piney 84 01-24-86 80 60 L3 6 Long Beach_ Owner's CA Ed 49 

Point- well #1. 

N anjemoy 

332-357 Piney 85 01-24-86 80 60 L3 6 Long Beach_ Owner's CA Ed 50 

Point- well #2_ 

N anjemoy 

340-360 Piney 75 11-15-88 80 105 0_8 8 O wner's well Locust #2_ CA Ed 51 

Po int-

N anjemoy 

477-500 Aquia 10 1942 125 151 0.8 N aval Recreation Center. CA Fd 1 

Formerly NIine Warfare 
Test Station well #1. 

325-355 Piney 10 1 09-12-61 100 89 1.1 8 Chesapeake Ranch CA Fd 38 

Po int- Estates. Owner's well #1. 

N anj emoy 

596-626 Aqu ia 95 03-24-62 125 105 1.2 8 Chesapeake Ranch CA Fd 39 

Estates. Owner's well #3 . 

340-350 Piney 110 09-20-76 15 54 0.3 2 Observatio n w ell. CA Fd 50 

Po int- H ighest water level 
N anj emoy measured, 108.4 ft below 

land surface datum , 
02-17-77 ; lowest 
measured, 119.13 ft 
below land surface 
datum, 07-09-79. Period 
o f record: 10-76 to 10-84. 

342-3 52 Piney 11 5 09- 29 -76 20 50 0.4 2 Obse rvatio n w ell. CA Fd 51 
Po int- Highest water level 

Nanj emoy measured, 116.36 ft 
below land surface 
datum, 01-08-80; lowest 
measured, 126.76 ft 
below land surface 
datum, 09-09-93 . Period 
of record: 02-77 to 09-93. 

308-318 Piney 90 09-27-76 10 20 0.5 2 O bservatio n well. CA Fd 52 
Po int- H ighest water level 

N anjemoy measured, 91.47 ft below 
land surface datum, 
05-01-80; lowest 
measured, 97:86 ft below 
land surface datum, 

12-03-86_ Period of 
record: 11-76 to 12-86. 

64 1-651 Aquia 154 10-12-78 12 36 0.3 4 Observation well. CAFd 54 
Highest water level 

measured, 142.69 ft 
below land surface 
datum, 04-21-80; lowest 
measured, 195.10 ft 
below land surface 
datum, 09-09-93_ Period 
of record: 10-78 to 09-93. 
Gravel pack 620-698 ft_ 
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Appendix A. Selected well records-Continued 

Approx-

State 
imate 

Date well Depth Depth 
Diameter 

Well altitude of well 
number 

pennit Owner Driller 
of land 

reported hole well 
number completed (ft) (ft) 

screen 
surface (inches) 

(ft) 

CA Fd 68 CA-81-1193 Calvert County Commissioners Sydnor Hydrodynamics, 9004 06-14-85 640 620 12 
Inc. 

CA Fd 69 CA-81-1194 Calvert County Commissioners Sydnor Hydrodynamics, 21 01-03-85 618 546 12 
Inc_ 

CA Fd 70 CA-81-1754 Chesapeake Ranch Water Co. Sydnor Hydrodynamics, 108.5 11-25-85 660 640 8 
Inc. 

CA Fd 71 CA-88-3340 Chesapeake Ranch Water Co. A.C. Schultes of Maryland, 110 06-21-93 687 8 
(test well Inc. 05-11-93 1,296 934 4 
and redrill) 

CA Fd 72 CA-88-4089 U.S. Navy: Patuxent Naval fur A.C. Schultes of Maryland, 15 08-02-93 600 567 6 
Test Center, Solomons Annex Inc. 

CA Fd 73 CA-88-4088 U .S. Navy: Patuxent Naval fur A.C. Schultes of Maryland, 17 07-25-94 600 557 6 
Test Center, So lomons Annex Inc. 

CA Fe 18 CA-04-6865 Chesapeake Ranch Water Co. Patuxent Pump & Well, 120.2 06-22-62 657 657 5.25 

Inc. 

CA Fe 19 CA-73-0440 Columbia LNG Co rp. Layne-Atlantic Co. IDA 10-17-74 829 700 8 

CA Fe 20 CA-73-0439 Columbia LNG Corp. Layne-Atlantic Co. 114.5 10-17-74 752 703 8 

CA Fe 21 CA-73-0082 Columbia LNG Corp. Shannahan Artesian Wen 129.0 11-29-72 664 658 4 
Co. 

CA Fe 22 C A-73-1386 U .S. Geological Survey Milton Stroud 113.9 06-10-76 350 350 2 

CA Fe 30 CA-88-0667 Chesapeake Ranch Water Co. Sydnor H ydrody namics, 118.8 07-26-89 717 688 8 

Inc. 
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Pumping test data 

Screen Depth to 
Well 

settings Aquifer static 
Yield Drawdown 

Specific Duration Remark. 
number Date 

(ft) water 
reported (gpm) (ft) 

capacity of test 

level (gpmlft) (hou",) 

(ft) 

542-574 Aquia 126 06-12-85 503 202 2_5 26 Solomons. Owner's well CA Fd 68 

580-618 .ill. Gravel pack 384-620 

ft_ 

452-460 Aquia 62 12-26-84 503 209 2,4 24 Solomons. Owner's well CA Fd 69 

466-504 #2_ Gravel pack 300-555 

512-536 ft _ 

580-640 Aquia 149 11-05-85 460 151 3_0 24 Chesapeake Ranch CA Fd 70 
Estates. Owner's well 

#2A_ Gravel pack 500-650 

ft_ 

604-684 Aquia 189 06-21-93 351 159 2_2 24 Chesapeake Ranch CA Fd 71 
810-8 15 Upper 128 05-10-93 70 55 L3 24 Estates. See cross·section 

870-875 Patapsco A-A'. Gravel pack 550-
909-929 687 ft. Deep test well 

plugged. 

465-485 Aquia 132 08-02-93 300 134.63 2.2 24.7 Naval Recreation Center. CA Fd 72 
505-567 Owner's well #IA. 

Formerly Mine Warfare 

Test Station. 

475-555 Aquia 122.69M 07-25-94 302 151.09 2.0 24.7 Naval Recreat io n Center. CA Fd 73 
Owner's well #2A. 
Formerly Mine Warfare 

Test Station. 

627-657 Aqu ia 128 06-22-62 100 160 0.6 12 CA Fe 18 

580-700 Aquia 139.5 10- 17-74 351 112 3.1 48 Owner's well #3 . Gravel CA Fe 19 
pack 470-700 ft. 

593-703 Aquia 134.2 10- 17-74 351 139.4 2.5 8 Owner's well #2. Gravel CA Fe 20 

pack 595-703 fto 

648-658 Aqu ia 146 11 -29-72 9 54 0.2 10 Owner's we ll #1. CA Fe 21 

340-350 Piney III 06- 10-76 0.25 2 Observation welL CA Fe 22 
Point- Highest water level 

Nanjemoy measured, 111 ,49 ft 

below land surface 
datum, 10-01 -76; lowest 

measured, 123 .85 ft 
below land surface 

datum, 12-10-92. Period 
of record : 06-76 to 09-93 . 

578-678 Aquia 177 07-26-89 400 120 3.3 27 Owner's well #3B. Gravel CA Fe 30 
pack 500-706 fto 
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Appendix A. Selected well records-Continued 

Approx-

State 
imate 

Date well Depth Depth 
Diameter 

Well altitude of well 
number 

permit Owner Driller 
of land 

reported hole well 
number completed (ft) (ft) 

screen 

surface (inche,) 
(ft) 

CA Gd 6 Calvert Marina Washington Pump & Well 12.7 1942 493 493 
Co_ 

CA Gd 60 U.S . Geological Survey U.S . Geological Survey IS 11-22-86 636 

CH Ce 51 CH-81-0828 La Plata, Town of Layne.Atlantic Co. 150 11-02-84 1,509 1,340 12 

SM Ab 6 SM-81-0366 Wentworth Nursery, Inc. Patuxent Pump & Well, 180 08-05-83 540 540 2 
Inc. 

SM Ab 7 SM-81-3899 Wentworth Nursery, Inc. Calvert Well Drilling Co. 180 01-24-89 540 530 2 

SM Ab 8 SM-81-2529 Wentworth Nursery , Inc. Calvert Well Drilling Co. 180 11-11-87 275 275 2 

SM Bb 15 SM-73-3430 U.S. Geological Survey Paul E. Kanarr 165.3 07-16-79 600 460 2 

SM Bb 18 SM-69-0120 St. Mary's County Metropolitan Patuxent Pump & Well, 160 11-02-68 475 470 2 
Commission Inc. 

SM Bb 19 SM-66-0195 St. Mary', County Metropolitan Patuxent Pump & Well, 160 06-16·66 480 480 3 
Commission Inc. 

SM Bb 26 SM-8 1-009 I Charlotte Hall Veterans' Home Shannahan Artesian Well 170 05-20-83 559 559 5 
Co. 

SM Bb 27 SM-81-0295 Charlotte Hall Veterans' Home East Coast Well & Pump, 165 10-12-85 1,001.5 
Inc. 

SM Bb 28 SM-81-1042 Charlotte Hall Veterans' Home East Coast Well & Pump, 160 05-20-85 1002 601 5 

Inc. 

SM Bc 20 SM-73-1258 St. Mary', County Metropolitan Ro bert M. Leatherbury 125 12-20-74 480 480 4 

Commission 

SM Bc 30 SM-73-2502 St. Mary', County Metropolitan Robert M. Leatherbury 125 08-10-78 560 560 4 

Commission 
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Pumping test data 

Screen Depth to 
Well 

settings Aquifer static 
Yield Drawdown 

Specific Duration Remarks 
number Date 

(ft) water 
(gpm) (ft) 

capacity of test 

level 
reported 

(gpm/ft) (hours) 

(ft) 

472-493 Aquia 0 1942 135 63.5 2_1 Observation well. CAGd 6 

(land Highest water level 

surface) measured, 26_15 ft below 
land surface datum, 

05-18-50; lowest 
measured, 119_93 ft 
below land surface 
datum, 07-18-91. Period 
of record: 10-49 to 09-93_ 
Formerly u.s_ Navy 

Amphibious Training 
Base. 

U _S. Geological Survey CA Gd 60 
co re ho le. See cross-

sect ion A-A'. 

1,250-1,340 Lower 182 11-02-84 450 188 2.4 24 Owner's well #9. CH Ce 51 

Patapsco Production well at 
Clark's Run. See cross-
sectio n B-B'. 

510-540 Aquia 180 08-05-83 40 47 0.9 4 Replaced by well SM Ab 6 

SM Ab 8. 

520-530 Aquia 195 01-24-89 55 45 1.2 7 SM Ab 7 

265-275 Piney 62 11-11-87 30 29 1.0 5 Replacement for well SM Ab 8 
Point- SM Ab 6. 

Nanjemoy 

450-460 Aquia 120 07-16-79 30 22 1.4 3 Observation well. SM Bb 15 
Highest water level 
measured, 159.76 ft 
below land surface 
datum, 08-10-79, and 

08-31-79; lowest 
measured, 207.55 ft 

below land surface 
datum, 12-12-84. Period 
of record: 08-79 to 09-93. 

445-470 Aquia 145 11-02-68 30 55 0.6 5 Charlotte Hall. SM Bb 18 

465-480 Aquia 160 06-16-66 50 70 0.7 6 Charlotte Hall. SM Bb 19 

435-559 Aquia 171 05-20-83 240 79 3.0 24 Owner's well #1. See SM Bb 26 
cross-section B·B'. 

- Hole abandoned and SM Bb 27 
plugged. See cross-section 
B-B'. 

474-596 Aquia 185 05-20-85 320 168 1.9 24 Owner's well #2_ SM Bb 28 

460-480 Aquia 117 12-20-74 200 23 8.7 20 Rolling Acre •. SM Bc 20 
Abandoned and sealed_ 

Replaced by well 
SM Be 31. 

540-560 Aquia 146 08-10-78 80 62 1.3 72 Rolling Acre._ Owner'. SM Bc 30 
well #B_ 
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Appendix A. Selected well records-Continued 

Approx-

State 
imate 

Date well Depth Depth 
Diameter 

Well altitude of well 
number 

permit Owner Driller 
of land 

reported hole well 
number completed (ft) (ft) 

screen 
surface (inches) 

(ft) 

SM Be 31 SM-88-0244 St. Mary's County Metropolitan Patuxent Pump & Well, 125 10-13-89 445 445 4 
Commission Inc. 

SM Be 32 SM-88-0467 J . D. Murray Wooster Drilling Co. 138 07-06-90 610 610 4 

SM Be 33 SM-88-0012 St. Mary's County Metropolitan Branham Contractors, Inc. 160 05-30-90 560 560 4 
Commission 

SM Bc 34 SM-81-1243 St. Mary's County Metropolitan Branham Contractors, Inc. 160 07-18-86 597 542 4 
Commission 

SM Ca 5 SM-73-0438 Wicomico Shores Yacht & Sydnor Hydrodynamics, 140 07-23-73 908 650 6 
Country Club Inc. 

SM Ca 9 SM-88-1167 St. Mary's County Recreation & Watson & Johnson Well 25 06-19-91 335 335 2 
Parks Departmen t Drilling, Inc. 

SM Cb 18 SM-73-1874 St. Mary's Co unty Metropolitan Ro bert M. Leatherbury 75 06-07-76 380 380 2 
Commission 

SM Cb 19 SM-73-1 873 St. Mary 's County Metropolitan Robert M. Leatherbury 80 06-07-76 380 380 4 

Commission 

SM Cb 30 SM-81-0484 St. Mary's County Metropolitan Watson & Johnson Well 165 03-20-85 515 515 4 
Commission Drilling, Inc. 

SM Cc 15 SM-73-1431 St. Mary's County Metropolitan Patuxent Pump & Well, 155 07-22-75 545 545 5 

Comm ission Inc. 

SM Cc 16 SM-73-1959 St. Mary's County Metropolitan Patuxent Pump & Well, 155 02-03-77 555 555 3 
Commission Inc. 

SM Cc 18 SM-71-0064 St. Mary's County Metropolitan Patuxent Pump & Well, 142 08-28-70 482 482 

Commission Inc. 

SM Cc 19 SM-73-0699 St. Mary's Cou nty Metropolitan Patuxent Pump & Well, 130 05-02-74 560 560 5 

Comm issio n Inc. 

SM Cc 27 SM-92-0571 St. Mary's County Metropolitan Patuxent Pump & Well, 135 08-19-94 495 495 2 

Commissio n Inc. 

SM Ce 30 SM-73-2243 In tcrnat'\ Assn . of Mach inists Patuxent Pump & Well, 20 02-03-77 538 470 4 

Inc. 

SM Ce 34 SM-73-1926 St. Mary's County Metropolitan Patuxent Pump & Well, 120 06-17-76 615 595 4 

Commi ssio n Inc. 

SM Ce 35 SM-73-1 872 St. Mary's County Metropolitan Patuxent Pump & Well, 120 04-30-76 622 600 3 

Commi ssion fn c. 

L02 



Pumping test data 

Screen Depth to 
Well 

settings Aquifer static 
Date Yield Drawdown 

Specific Duration Remark. 
number 

(ft) water 
rep o rted (gpm) (ft) 

capacity of test 

level (gpmlft) (hours) 

(ft) 

425-445 Aquia 143 10-13-89 100 87 1.2 2 Rolling Acres. SM Be 31 

Replacement for well 

SM Be 20. 

472-492 Aquia 189 07·06-90 156 100 1.6 24 Persimmon Hills. Gravel SM Be 32 

504-524 pack 463-610 ft. 

530-580 

508-540 Aquia 175 05-30-90 100 85 1.2 20 Laurel Ridge. Owner's SM Be 33 

540-560 well 112. Gravel pack 490-

560 ft. 

502-542 Aquia 168 07-18-86 100 67 1.5 24 Laurel Ridge. O wner's SM Be 34 

well 1/1. O riginal ly drilled 
as a test w ell . G ravel 

pack 490-550 ft . 

578-5 88 Upper 134 07-23-73 200 45 4.4 24 See cross-sectio n B-B ', SM Ca 5 

608-628 P atapsco 143.56M 08-29-78 G ravel pack 100-655 ft. 

636·642 
646-650 

32 1-335 Aquia 35 06·1 9-9 1 29 19 1.5 4 W icomico Shores Golf SM Ca 9 

Co u rse. Gravel pack 305-
335 ft . 

350-380 Aguia 55 06-07·76 100 115 0.9 35 Country Lakes. Owner's SM C b 18 

57 .9 04-13-79 well 1/2 . 

350·380 Aquia 65 06-07·76 155 11 5 1.4 35 Co untry Lakes. Owner's SM C b 19 
well 1/1. 

475·5 15 Aqu ia 178 03-20-85 220 47 4.7 13 Country Lakes. Owner's SM C b 30 
well #Tower. 

515-545 Aqui a 151 07·22·75 50 68 0.7 4 Birch Manor. Owner's SM Cc 15 
well 1/ 1. 

525·555 Aguia 154 02-03-77 60 51 1.2 6 Birch Mano r. Owner's SM Cc 16 
well #2. 

467-482 Aguia 135 08-28·70 40 35 l.l 4 Lovevi lle Acres. Owner's SM Cc 18 
well 1/1. 

540-560 Aguia 126 05·02·74 100 124 0.8 6 Ki ng-Ken nedy Estates. SM Cc 19 
Owner's weil #2. 

Formerly owned by 
SATAV Corp. 

465-495 Aquia 175 08· 19-94 80 41 2.0 3 King-Ken nedy Estates. SM Cc 27 
Owner's well #3. 

Rep lace men t fo r well 

SM Cc 19 . Gravel pack 
455-495 ft . 

444-450 Aqu ia 42 02-03·77 80 169 0.5 6 P lacid H arbo r Education SM Ce 30 
458·470 Center. Test well. 

574-595 Agu ia 113 06-17·76 60 87 0.7 6 Fenwick Manor. Owner's SM Ce 34 
well #1. 

580·600 Aquia 11 4 04·30·76 50 74 0.7 4 Fenwick Mano r. Owner's SM Ce 35 
well #2. 
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Appendix A. Selected well records-Continued 

Approx-

State 
imate 

Date well Depth Depth 
Diameter 

Well altitude of well 
number 

permit Owner Driller 
of land 

repo rted hole well 
number (ft) 

screen 

surface 
co mpleted (ft) 

(inches) 
(ft) 

SM Ce 36 St_ Mary 's Co unty Metropolitan 105 
Commission 

SM Ce 37 St. Mary's Coun ty Metropolitan 126 
Co mmissio n 

SM Ce 38 SM-73-2030 Intemat' l Assn. o f Machin ists Patuxent Pump & Well, 15 _9 08-1 0-76 470 470 2 
Inc_ 

SM Ce 43 SM-88-2161 St. Mary's Cou nty Metropol itan Watson & Johnson Well 88 11-23-92 595 595 4 
Commissio n D rilling, Inc. 

SM Dc 26 SM-OO-1 600 St. Mary's County Metropo litan Washington Pump & Well 2 07-25-47 350 350 6 
Commission Co. 

SM Dc 42 SM-65-0163 St. Mary 's Co unty Metropolitan Joseph L. Payne 13.5 03-30-65 336 336 2 
Commissio n 

SM Dc 58 SM-69-0338 St_ Mary's Co unty Metropolitan Shannahan Artesian Well 13.5 09-1 6-69 410 398 6 
Commissio n Co. 

SM Dc 59 SM-72-0199 Mt. Pleasant Water Co . J. J . Pay ne & Sons, Inc. 40_9 05-17-72 340 340 2 

SM Dc 60 SM-72-0200 Mt. Pleasant Water Co. J . J . Pay ne & So ns, Inc. 50 06-1 5-72 340 340 2 

SM Dd 30 SM-05-7480 Commiss io ners of Leo nardtown Patuxent Pump & Well, 25 06-09-64 388 388 7_25 

Inc. 

SM Dd 33 SM-04-0226 St. Mary's County Me tropo litan Patuxent Pump & Well, 110 01-05-62 465 465 5 
Commissio n Inc. 

SM Dd 39 SM-67-00S3 Co mmissio ners o f Leo nardtown Patuxent Pump & Well, 107.5 09-03-66 510 510 6 
Inc. 

SM Dd 41 SM-67-02S7 St. Mary's T echnical Center Co lu mbia Pump & Well 115 07-03-67 502 502 8 
Co. 

SM Dd 44 SM-69-0337 St. Mary's County Metropolitan Shannahan Artesian Well 31 10-08-69 459 459 5 
Commissio n Co. 

SM Dd 45 SM-73-1756 St. Mary's Technical Center Shannahan Artesian Well 113 03-11-76 540 536 6 
Co. 

SM Dd 46 SM-73-1 992 U .S. G eological Survey Patuxent Pump & Well, 11 8.8 07-19-76 381 296 2 
Inc. 
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Pump ing test data 

Screen Depth to 
Well 

sett ings Aquifer stat ic 
D ate Yield Drawdown 

Specific Du ratio n Remarks 
number 

(ft) water 
reported (gpm) (ft) 

capacity of test 

level (gpm/ft) (hours) 

(ft) 

P iney 98 .5M 11-29-78 Completion report SM Ce 36 
Po int- unavail able. Formerl y 

Nanjemoy owned by Town Creek 

Water Company. 

Piney Completion report SM Ce 37 

Point- un avai lable. Fo rmerly 

N anjemoy owned by T own C reek 

Water Co mpany . 

450-470 Aquia 34 08- 10-76 40 11 6 0.3 4 Placid Harbo r Educatio n SM Ce 38 
Center. P roductio n well. 

555·595 Aquia 162 11·23-92 225 148 1.5 6 Hollywood. SM Ce 43 

340-350 Aquia 2.5 07-25-47 50 42.5 1.2 12 St . Clement Shores. SM Dc 26 
Owner's well #S1. 

316-336 Aqui a 19 03-30-65 19 26 0.7 5 St. Cleme nt Shores. SM Dc 42 
Owner's well #S2. 

347 -398 Aqui a 24. 5 09- 16·69 90 60.5 1.5 16 St. Clement Sho res. SM Dc 58 
Owner's well #S3. 

316-340 Aquia 42 05-17-72 40 20 2.0 4 Owner's well #1. SM Dc 59 

316-340 Aquia 42 06·15-72 40 18 2.2 4 Owner 's well #2. SM Dc 60 

358-388 Aqui a 25 06·09·64 250 93 2.7 8 Owner's well #1. SM Dd 30 

450-465 Aq uia 110 0 1-05-62 100 50 2.0 8 Society Hill. Owner's SM Dd 33 

well # 1. Fo rmerly owned 
by C herry Cove Water 

Company . 

480-5 10 Aq uia 120 09-03-66 300 100 3.0 12 Owner's well #2. G ravel SM Dd 39 

pack 480-510 ft. 

485-502 Aquia 127 07-03-67 70 93 0.8 8 Owner's well #2 . SM Dd 41 

374-397 Aquia 42 10-08-69 110 37 3.0 10 Society Hill . Called SM Dd 44 

417-459 Breto n Bay o n dri ll er 's 
penn it. Owner's well #2. 

Fo rmerly owned by 
C herry Cove Water 

Co mpany . 

490-536 Aquia 135 03 ·11-76 56 22 2.6 12 SM Dd 45 

286-296 P iney 11 4 07-19-76 10 22 0.4 3.5 Observatio n wel l. SM Dd 46 
Poi nt- Highest water level 

Nanjemoy measured. 109.36 ft 
below land surface 

datum. 07-09-79; lowest 

measured. 120.39 ft 
below land surface 

datum. 09-1 0-93. Period 
o f reco rd: 10-76 to 09-93. 

105 



Appendix A. Selected well records-Continued 

Approx. 

State 
imate 

Date well Depth Depth 
Diameter 

Well altitude of well 
number 

permit Owner Driller 
of land 

reported hole well 
number completed (ft) (ft) 

screen 
surface (inches) 

(ft) 

SM Dd 47 SM·73·2269 Maryland Rock Industries Patuxent Pump & Well, 10 03-29-77 440 440 4 
Inc. 

SM Dd 48 SM-73-2271 Maryland Rock Industries Patuxent Pump & Well, 10 03-18-77 440 440 2 
Inc. 

SM Dd 49 SM-73-3081 U.S. Geological Survey Shannahan Artesian Well 118.9 10-23-78 619 544 3 
Co. 

SM Dd 50 SM-73-3082 U.S. Geological Survey Shannahan Artesian Well 99 .4 10-26-78 579 515 3 
Co. 

SM Dd 62 SM-73-3786 U.S. Geological Survey Joseph H . Gribble liS 07-01-80 380 358 2 

SMDd 64 SM-01-8951 T ekstar Industries Joseph J. Payne 10 05-07-55 357 357 

SMDd 65 SM-81-1397 Co mmissione rs o f Leo nardtown Sydnor H ydrodynamics, 107.5 07-30-86 522 520 8 

Inc. 

SMDd 66 SM-81-3372 Co mmi ssio ners o f Leo nardtown Sydnor H ydrodynamics, 35 08-01-88 549 502 8 

Inc. 

SM De 28 SM-04-3972 Maryland Manor Trailer Park Patuxent Pump & Well , 125 08-1 8-61 357 357 5.4 

Inc. 

SM De 30 SM-02-4756 Maryland Mano r Trail er Park James E. Deagle l iS 11-13-56 385 

SM De 32 SM-67-0064 Charles Co unty Concrete Co . Patuxent Pump & Well , 130 09-10-66 365 365 4 

Inc. 
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Pumping test data 

Screen Depth to 
Well 

settings Aquifer static 
Date Yield Drawdown 

Specific Duration Remark. 
number 

(ft) water 
reported (gpm) (ft) 

capacity of test 
level (gpmlft) (hours) 
(ft) 

379-399 Aquia 29 03-29-77 120 71 1.7 4 Breton Bay Plant. Test SM Dd 47 
420-440 well. 

404-434 Aquia 30 03-18-77 30 30 1.0 3 Breton Bay Plant. SMDd 48 
Observation well. 

534-544 Aquia 147 10-23-78 10 23 0.4 4 Observation well. SMDd 49 
Highest water level 
measured, 138.95 ft 
below land surface 
datum, 04-05-79; lowest 
measured, 176.88 ft 
below land surface 
datum, 09-10-93. Period 
of record: 12-78 to 09-93. 
Gravel pack 500-619 ft . 

505-5 15 Aquia 124 10-26-78 12 36 0.3 4 St. Mary's Technical SMDd SO 

124.36M 05-01-81 Center. Observation well. 
See cross-secti o n B-B '. 

Highest water level 
measured, 119.05 ft 
below land surface , 
02-02·79; lowest 
measured, 158.49 ft 
below land surface, 

09-10-93. Period of 
reco rd: 12-78 to current 

year (1993) . Gravel pack 
490-579 ft. 

348-358 Piney 11 5 07-0 1-80 20 21 1.0 1 Observation well. SMDd 62 

Point- Highest water level 
Nanj emoy measu red, 111.06 ft 

below land surface 
datum, 10-30-80; lowest 
measured, 121.07 ft 
below land surface 
datum, 08-1 1-93. Period 
of reco rd: 07-80 to 09-93. 

Aquia 5 05-07·55 15 21 0.7 5 Leonardtown Laundry. SMDd 64 

445-515 Aquia 149 07-25·86 300 142 2.1 24 Owner's well #3. SMDd 65 
Greenbrier well . Gravel 
pack 370-525 (?) ft. 

384-414 Aquia 87 07-28-88 460 III 4.1 24 Owner's well #4 . Gravel SMDd 66 
432-482 pack 300-549 ft. 

342-357 Piney 120 08-18-61 150 90 1.7 4 SM De 28 
Po in t-

Nanjemoy 

342-? Piney 117 11-13-56 25 IS Screen interval un certain. SM De 30 
Point-

Nanjemoy 

338·353 Piney 125 09·10-66 100 100 1.0 4 SM De 32 
Point-

Nanj emoy 
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Appendix A. Selected well records-Continued 

Approx-

State 
imate 

Date well Depth Depth 
Diameter 

Well altitude of well 
number 

permit O w ner D riller 
of land 

reported hole well 
number completed (ft) (ft) 

screen 

surface (inches) 
(ft) 

SM De 36 SM-lJ-1 957 St. Mary"s County Met ropo litan A.C. Schul tes & Sons, Inc. 130 06-08-76 643 620 6 
Commission 

SM De 39 SM-lJ-14lJ Maryland Mano r T railer Park Patuxent Pump & Well, 120 09-04-75 360 360 2 
Inc. 

SM De 40 SM-lJ-2J79 St. Mary's Co unry Metropo litan Stanley Kwiatkowski 130 09-20-77 640 603 4 
C o mmissio n 

SM De 44 SM-01-26 10 Mary land Manor T railer Park James E. Deagle 90 06-12-53 389 

SM De 50 SM-8 1-0060 St. Mary 's Co unry Metropo li tan Patuxent Pump & Well , 130 10-05-82 610 585 5 
Commissio n Inc. 

SMDf 1 None U .S. Navy: Patuxent Naval Washin gton Pump & Well 94 1943 587 587 8 
A ir Test Center Co. 

SMDf 3 None U .S. Navy: Patuxent N aval Washington Pump & Well 105 1943 585 585 6 
A ir Test Ce nter Co. 

SM D f 4 None U.S. Navy : Patuxent N aval Washington Pump & Well 80 1944 547 547 7.5 
Air Test Center Co. 

SMDf 5 None U.S. N avy: Patuxe nt N aval Washington Pump & Well 76 1944 552 552 8 
Air Test Center Co. 

SMDf 6 None U.S. Navy: Patuxent Naval Washington Pump & Well 11 5 1942 357 357 4 
Air T est Center Co. 

SMDf 7 None U.S. N avy: Patuxent Naval Washington Pump & Well 44 1943 51 8 518 6 
Air Test Cen ter Co. 

SMDf 8 None U .S_ Navy: Patuxent Naval Washington Pump & Well 46 1942 286 282 4 
Ai r Test Center Co. 

SM Df 9 None U .S. N avy: Patuxent Naval Washington Pump & Well 47 1943 285 285 6 

A ir T est C enter Co. 

SMDf 10 None U .S. N avy: Patuxent N aval Washington Pump & Well 46 1943 534 534 6 
Air Test C enter Co. 

SM Df 12 None U.S. N avy: Patuxent Naval Washington Pump & Well 11 1944 489 489 7.5 

Air Test Center Co. 

SM Df 13 None U _S. N avy: Patuxent Naval Washington Pump & Well 20 1944 490 490 6 

Air Test Center Co. 

SMDf 14 None U.S_ Navy: Patuxent N aval Washington Pump & Well 18 1943 262 262 8 

Air Test Cen ter Co. 
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Pumping test data 

Screen Depth to 
Well 

sett ings Aquifer static 
Date Yield Drawdown 

Specific Du ration Remarks 
number 

(ft) water 
repo rted (gpm) (ft) 

capacity of test 

level (gpm/ ft) (ho urs) 
(ft) 

548-574 Aquia 167 06-08-76 200 54 3.7 12 Wildewood & SM De 36 
594-620 Technology Park_ 

Owner's well #1. Gravel 
pack 548-620 ft. 

340·360 Piney 135 09-04-75 35 55 0.6 3 SM De 39 
Point· 

N anjemoy 

563-603 Aquia 170 09-20-77 201 173 1.2 8 St. Mary's Industrial SM De 40 
Park . 

315-? Piney 11 7 06-12-53 12 7 Screen interval uncertai n. SM D e 44 

Point· 
Nanjemoy 

560-585 Aquia 160 10-05-82 100 68 1.5 7 Wildewood & SM De 50 
Techno logy Park. 
Owner's well #2 . 

567 -587 Aquia 123.50 06-01 -43 225 53 4.2 Owner's well #IA. SMDf I 

565-585 Aquia 103.70 12-07-43 257 77 3.3 Owne r's well #3A. SMDf 3 

Abando ned and replaced 
by well SM Df 94 . 

527-547 Aquia 96.30 05· -44 300 152 2.0 Owner's well #5A. SM Df 4 
Abandoned and replaced 
by well SM Df 95. 

532-552 Aq uia 98.60 01- -44 300 150 2.0 Owner's well 4A. SM Df 5 

347 -357 Piney 125 1942 25 45 0.6 Owner's well NIR. SM Df 6 

Point-

N anjemoy 

498-518 Aquia 48.50 05-31-43 171 105 1.6 Owner's well NIB. SM Df 7 
Abandoned and replaced 

by well SM Df 93. 

272-282 Piney 40 1942 25 40 0.6 Owner's well NIM. SM Df 8 
Point-

N anjemoy 

270-285 Piney 33 06-0\-43 191 63 3.0 Owner's well N2B. SM Df 9 
Po int-

Nanjemoy 

51 4-534 Aquia 45 06-07-43 225 98 2.3 Owner's well #3B. SM Df 10 

469-489 Aquia 22 04- -44 300 178 1.7 Owner's well N5B. SMDf 12 
Abandoned and replaced 
by well SM Df 96. 

470-490 Aquia 35 06-20-44 Owner's well N2P. SMDf 13 

247-262 Piney 35 05-31- 43 170 165 1.0 Owner's well NIP. SMDf 14 
Point-

Nanjemoy 
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Appendix A. Selected well records-Continued 

Approx-

State 
imate 

Date well Depth Depth 
Diameter 

Well altitude of well 
number 

permit Owner Driller 
of land 

reported hole well 
number completed (ft) (ft) 

screen 
surface (inche.) 

(ft) 

SM Df 22 SM-00-0442 St_ Mary'. County Metropolitan Washington Pump & Well 111 10-10-46 606 600 6 
Commission Co. 

SM Df 39 None U.S. Navy: Patuxent Naval 45 1943 284 
Air Test Center 

SM Df 42 SM-00-6688 St_ Mary's County Metropolitan Washington Pump & Well 86.5 07-26-51 570 570 5.5 
Commission Co. 

SM Df 43 None U .S. Navy: Patuxent Naval Sydnor Hydrodynamics, 40 1955 555 553 8 
Air Test Center Inc. 

SM Df 49 SM-05-5243 St. Mary's County Metropolitan Patuxent Pump & Well, 120 04-18-64 380 380 4.5 
Commission Inc. 

SM Df 50 SM-04-5141 St. Mary's County Metropolitan Patuxent Pump & Well, lOS ll-i8-61 365 365 5 
Commission Inc. 

SM Df 53 SM-03-4292 St. Mary's County Metropolitan Patuxent Pump & Well, 110 05-18-59 350 350 5.5 
Commission Inc . 

SM Df 54 SM-03-5942 St. Mary's Co unty Metropolitan Patuxent Pump & Well, 70 09-30-59 360 360 5 
Commissio n Inc. 

SM Df 60 SM-67-0256 St. Mary's County Metropolitan Shannahan Artesian Well 100 07-15-67 358 358 4 
Commissio n Co. 

SM Df 61 SM-05-5823 U .S. Navy: Patuxent Naval Patuxent Pump & Well, 120 03-03-64 600 600 6 
Air T est Center Inc. 

SM Df 62 SM-73-0635 St. Mary's County Metropo litan Frederick C. Lehmann 104 02-07-74 708 630 5 
Co mmissio n 

SM Df 67 SM-OI-0607 St. Mary's Co un ty Metropoli tan Washington Pump & Well 30 12-08-52 274 274 5.5 
Co mmissio n Co. 

SM Dr 68 SM-01-3247 St. Mary's Co unty Metropolitan Washington Pump & Well 20 01- -54 256 252 5.5 
Commissio n Co. 

SM D r 69 SM-02-21 61 St. Mary's Co unty Metropolitan Washington Pump & Well 80 04-03-56 321 321 
Co mmissio n Co. 

SM Dr 70 SM-01-8274 Town C reek Water Co . Patu xen t Pump & Well, 110 04-05-55 400 2 
Inc. 
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Pumping test data 

Screen Depth to 
Well 

settings Aquifer static 
Date Yield Drawdown 

Specific Duration Remarks 
number 

(ft) water 
reported (gpm) (ft) 

capacity of test 
level (gpmlft) (hours) 
(ft) 

576-600 Aquia 140 10-10-46 225 90 2_5 Lexington Park_ Bank SM Df 22 
Square well. 

Piney 34.10 09-06·50 Owner'. well #15. Data SM Df 39 
Point- incomplete. 

Nanjemoy 

550-570 Aquia 130 07-26-51 210 58 3.6 12 Lexington Park. Colony SM Df 42 

Square well. Originally 
Patuxent Water Coo's 
well #2. 

513.7-534 Aquia 80.50 09-0 1-55 200 76 2.6 Owner's well #6B. SMDf 43 

Replacement for owner's 

well #4B. 

360-380 Piney 126 04-18-64 125 124 1.0 6 Owner's well Town SMDf 49 

Point· C reek #6A. 

Nanjemoy 

350·365 Piney 120 11-1 8-6 1 100 65 1.5 4 Owner's well £speranza SMDf 50 

Point· #5. 

Nanjemoy 

335-350 Piney 11 4 05- 18-59 75 41 1.8 6 Owner's well Greenview SM Df 53 

Point- Knolls #1. 

Nanjemoy 

340-360 Piney 90 09-30-59 100 60 1.7 4 Owner's well T own SMDf 54 

Point- Creek #4. 

Nanj emoy 

336·358 Piney 120 07- 15-67 44 25 1.8 10 Owner's well Greenview SM Df 60 

Point- Knolls #2. 

Nanjemoy 

580-600 Aquia 157 03-03·64 200 87 2.3 24 Owner's well #2A(R}. SMDf 61 

R ep lacement fo r origi nal 
well #2A (SM Df 2). 

549-630 Aquia 16) 02-07-74 328 131 48 Lexin gton Park. Pegg Rd. SM Df 62 

to well. Gravel pack 487-630 

614 ft. 

266-274 Piney 50 12-08-52 55 86 0.6 12 Owner's well Esperan za SM Df 67 

Point- # 1. 

Nanj emoy 

245-252 Piney 40 0 1· ·54 90 170 0.5 12 Owner's well T own SM Df 68 

Point- Creek #2. 

N anjemoy 

308-321 Piney 97 04-03-56 40 55 0.7 8 Owner's well T own SM Dr 69 
Point- 110 11 3 1.0 Creek #3 . 

N anjemoy 

345-400 Piney 115 04-05-55 20 12 Owner's well Town SM Dr 70 
Point- Creek #7 . 

Nanjemoy 

III 



Appendix A. Selected well records-Continued 

Approx-
imate 

Date well Depth Depth 
D iameter 

Well 
State 

altitude of well 
number 

permi t Owner Driller 
of land 

reported hole well 
number completed (ft) (ft) 

screen 

surface (inches) 
(ft) 

SM D f 71 SM-73-343I U .S. Geo logical Survey Paul E. Kanarr 69.2 07-09-79 620 560 2 

SM Of 73 SM-73-0768 St. Mary's County Metropolitan Patuxent Pump & Well, 100 04-10-74 620 620 5 
Commission Inc. 

SM Of 76 SM-05-7673 St. Mary's County Metropolitan Patuxent Pump & Well , 100 07-02-64 602 602 6.5 
Comm issio n Inc. 

SM Of 78 SM-01-4838 St. Mary's County Metropolitan Washington Pump & Well 100 10-08-54 600 600 6 
Commissio n Co. 

SM Df 80 SM-73-0140 St. Mary's County Metropolitan Shannahan Artesian Well 41.9 10-10-72 586 565 2 
Commissio n Co. 

SM Of 82 SM·04- 141 1 Chance Water Co " Inc. Patuxent Pump & Well, 100 03-17-61 360 360? 2.5 
Inc. 

SM Of 83 SM-Ol-0141 Chance Water Co., Inc. Washington Pump & Well 100 09-10-52 342 342 5.5 
Co. 

SM Of 84 SM-81-01 19 Maryland Geo logical Survey A.C. Schultes & Sons, Inc. 108.4 01 -05-83 2,679 920 4 

SM Of 86 SM-68-0185 St. Mary's Cou nty Metropolitan Shannahan Artesian Well 112.1 04-30-68 611 609 6 
Commission Co. 

SM Df 89 SM-88-1226 St. Mary's County Metropolitan Delmarva Drill ing 124 07-18-91 700 621 6 
Co mmissio n 

SM Of 90 SM-81-2571 St. Mary's County Metropolitan Calvert Well Drilling Co. 95 08-07-94 620 600 4 
Commissio n 

SM Of 91 SM-81-3132 St. Mary 's County Metropolitan Calvert Well Drilling Co. 100 02-23-88 630 610 4 
Commission 

SM Of 92 SM-81-1475 St. Mary's County Metropolitan Warson & Johnson Well 116 07-20-86 585 585 4 

Commission Drill ing, Inc. 

SM Of 93 SM-92-0358 U .S. Navy: Patuxent Naval A.C. Schultes of Maryland, 42 04-07-94 632 565 6 

Air Test Center Inc. 
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Pump in g test data 

Screen Depth to 

se ttings Aquifer static Specific Duration Remarks 
Well 

Date Yield Drawdown number 
(ft) water 

reported (gpm) (ft) 
capacity of test 

level (gpm/ ft) (hours) 
(ft) 

550-560 Aquia 123 07-09-79 20 23 0_9 I Observation well. SMDf 71 
Highest water level 

measured, 11 9.19 ft 
below land surface 

datum, 05-01 -80; lowest 
measured, 178 .51 ft 
below land surface 

datum, 09 -02-93. Penod 
of record, 08-79 to 09-93. 

600-620 Aqu ia 140 04-10-74 100 95 1.1 6 Tubman Douglass SM Df 73 
Estates. 

574-602 Aquia 155 07-02-64 200 47 4.3 8 Lexington Park. Essex SM Df 76 
Drive well. 

570-600 Aqu ia 155 10-08-54 300 153 2_0 24 Lexingto n Park_ Willows SM Df 78 

Rd. wel l. 

545-565 Aquia 87 10-10-72 25 23 1.1 6 Test well . Owner's well SMDf 80 
Cedar Cove #2 . 

345-360? Piney 90 03 -1 7-61 25 23 l.l 4 Owner's well Wanng #2. SM Df 82 

Point- Screen sett ing uncertain . 

Nanjem oy 

334-34 2 Piney 120 09 -1 0-52 65 57 1.1 12 Owner's well Wanng #1. SM Df 83 
Po in t- Inactive in 1991. 

Nanjemoy 

829-854 Upper 11 5.7 01-04-83 193 45.7 4.2 24 T est wel l. Well data SM Df 84 

860-865 Patapsco (?) published in Maryland 
895-910 Geo logical Survey Open-

File Report No . 84-02-1 

(Hansen and Wilso n) 

1984) . See cross-sectio n 
A-A '_ 

568-609 Aq uia 165 04- 30-68 83 29 2.9 26 Lexington Park. Bank SM Df 86 
Square wel l. 

579-621 Aquia 232 07-1 8-9 1 21 5 85 2.5 24 Owner's well Town SM Df 89 
C reek #6B. Gravel pack 

480-621 ft. 

540-600 Aq uia 165 08 -07-94 150 50 3.0 4 G ree nview Knolls . SM Df 90 
Owner's well #3 _ Gravel 

pack 480-600 ft . 

530-610 Aquia 175 02-23-88 175 140 1.2 24 £speranza Farms. Gravel SM Df 91 
pack j exact location 

unknown; 101 ft. 
Formerly owned by 
Robert G. Dean. 

545-585 Aquia 130 07-20-86 235 30 7.8 16 Sans Souci Estates. SM Df 92 

Formerly owned by 
Larry Mill ison. 

515-565 Aqu ia 138 04-07-94 314 110 2. 8 8 Owner's well IB(R). SM Df 93 
Replacement for original 

well IB (SM Df 7). 
Gravel pack 460-569 ft. 
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Appendix A. Selected well records-Continued 

Approx. 
imate 

Date well Depth Depth 
Diameter 

Well 
State 

altitude of well 
number 

permit Owner Driller 
of land 

reported hole well 

number oompleted (ft) (ft) 
screen 

surface [Inches) 
(ft) 

SM Df 94 SM·92.Q357 U .S. Navy: Patuxent N aval A.C. Schultes of Maryland, 100 04·12·94 625 610 6 

Air Test Center Inc. 

SM Df 95 SM·92·0369 U .S. Navy: Patuxent Naval A.C. Schultes of Maryland, 80 04·24·94 600 580 6 

Air Test Center Inc. 

SM Df 96 SM·93·oo36 U .S. Navy: Patuxent N aval A.C. Schult .. of Maryland, 9 11·10·94 584 539 6 
Air Test C enter Inc. 

SMDg I None U .S. Navy: Patuxent Naval Washington Pump & Well 19 1943 480 480 7.5 
Air T est Center Co. 

SM Dg 2 None U .S. N avy: Patuxent N aval Washington Pump & Well 11.3 1943 486 486 7.5 
A ir T est Center Co. 

SM Dg 3 N one U.S. Navy: Patuxent N aval Washington Pump & Well 12 1943 489 489 
A ir T est Center Co. 

SM Dg 5 None U .S. Navy: Patuxent N aval Washington Pump & Well 21.4 1950 494 494 
Air Test Ceo rer Co. 

SM Dg 6 N one U .S. N avy: Patuxent N aval 7 Pre·1942 
Air T est Center 

SM Dg 8 SM-01-3246 U .S. Navy: Patuxent Naval Washington Pump & Well 20 1953 276 
Air Test Ce nter Co. 

SMDg 10 SM-68·0223 St. Mary's Co unty Metropolitan Patuxent Pump & Well , 22 05·07-68 492 492 5 
Commissio n Inc. 

SM Dg I I None U .S. Navy: Patuxent Naval Calvert Well Drilling Co. 10 04·23·80 330 290 2 
Air Test Center 

SM Dg 13 SM-88-0800 St. Mary 's Co un ty Metropo litan Delmarva Drilling 34 11·13-90 610 581 4 

Commissio n 

SM Dg 14 SM·92-0370 U .S. Navy: Patuxent Naval A.C. Schultes of Maryland, 12 04-22-94 542 540 6 

Air T est Cente r Inc. 

SM Dg 15 SM-92-0245 U.S . Navy: Patuxent Naval Patuxent Pum p & Well , 21 12· 17-93 500 500 5 
A ir T est Ce nter Inc. 

SM Ed 17 SM-81 -2634 St. Mary's Count y Metropo li tan Calvert Well Dri ll ing Co. 85 07·02-87 580 570 4 
Comm issio n 
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Pumping te.t data 

Screen Depth to 
Well 

settings Aquifer static 
Date Yield Drawdown 

Specific Duration Remark. 
number 

(ft) water 
reported (gpm) (ft) 

capacity of te.t 
level (gpmlft) (hours) 
(ft) 

560-610 Aquia 210 04-12-94 294 50 5.9 24 Owner'. well 3A(R). SM Df 94 
Replacement for original 
wellll3A (SM Df 3). 
Gravel pack 480-612 ft. 

530-580 Aquia 198 04-24-94 400 62 6.4 24 Owner'. well 4A(R). SM Df 95 
Replacement for original 
well #4A (SM Df 5). 
Gravel pack 470-582 ft. 

489-539 Aquia 109 11-1 0-94 300 54 5.6 8 Owner's well 5B(R). SM Df 96 
Replacement for original 
well #5B (SM Df 12). 
Gravel pack 400-584 ft. 

460-480 Aquia 86 01·28-44 162 65 2.5 Owner's well Ie. SMDg I 

Abandoned and replaced 

by well SM Dg 15. 

466-486 Aquia 17 0 1-28-44 Owner's well #2e. Yield: SM Dg 2 
340 gpm, 12-09-43. 

469-489 Aguia 37 10-23-43 Owner's well #3e. Yield: SMDg 3 

300 gpm, 01-25-44. 

474-494? Aguia 38 08- -50 210 162 1.3 Owner'. well #2Q. SM Dg 5 

Aquia? 25.0 09-06-50 - O wner's well #IQ. SM Dg 6 
Abandoned and replaced 
by well SM D g 14. 

Piney O wner's well W. SM Dg 8 

Point-
N:;njemoy 

472-492 Aquia 63 05-07-68 250 92 2.7 11 Cedar Cove. O w ner's SMDg 10 
well #1. 

Piney 22 05-22·80 SM Dg 11 

Point-
N anjemoy 

50 1-521 Aguia 121 11-13-90 402 81 5.0 8 Cedar Cove . O wner's SMDg 13 

531·551 we ll #3 . Gravel pack 

561-581 480-585 ft. 

490·540 Aguia 90 04-22-94 400 170 2. 4 24 Ow ner's well lQ(R). SM Dg 14 

Replace ment fo r original 

we ll lQ (SM Dg 6). 
G ravel pack 450-542 ft. 

450-500 Aguia 150 8 Owner's well lC(R). SM Dg 15 
Rep lace ment fo r o riginal 
well lC (SM Dg 1). 
D riller 's tag on well reads 
SM-92-0570, but 0245 is 
co rrect . 

51 0-570 Agui a 125 07-02-87 120 15 8.0 5 W il de rness. Test well SM Ed 17 
co nve rted to p roduct io n 

well. G ravel pack 500-580 
ft. 
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Appendix A. Selected well records-Continued 

Approx-
imate 

Date well Depth Depth 
Diameter 

Well 
State 

altitude of well 
pe rmit Owner Driller 

of land 
reported hole well 

number 
number completed (ft) (ft) 

screen 

surface (inches) 
(ft) 

SM Ee 49 SM-81 -1 664 Watson, Alva & T homas Watson & Johnso n Well 85 09-24-87 595 595 4 

Drilling, Inc. 

SM Ee 50 SM-88-1439 Watson, Alva & Thomas Watson & Johnson Well 85 03-01-91 575 575 4 

Drilling, Inc. 

SM Ef 3 SM-00-07 10 Hills Mobile Home Park Washington Pump & Well 100 08-12-46 322 322 6 
Co. 

SM Ef 56/ SM-67-0089 U.S. Geological Survey East Coast Well & Pump, 108 12-05-66 1,509 322 4 
Ef 57 Inc. 

SM Ef 65 SM-00-9775 Hills Mo bil e Home Park Wash ington Pump & Wel l 90 12-08-52 297 297 5.5 
Co. 

SM Ef 66 SM-03-4212 Hills Mobile Home Park Patuxent Pump & Well, 90 04-23-59 335 335 5 
Inc. 

SM Ef 69 SM-69-0027 St. Mary's College of Maryland Shannahan Artesian Well 44 08-27-68 740 558 4 
Co. 

SM Ef 79 SM-81-0362 St. Mary's City Commissio n Branham Contractors, Inc. 40 09-23-83 685 685 6 

SM Ef 81 SM-81-3371 St. Mary's College of Maryland Sydnor Hydrodynamics, 44 08-30-88 740 590 10 
Inc. 

SM Ef 82 SM-88-109 1 St. Mary's County Metropolitan Watson & Johnso n Well 112 05-17-91 655 655 4 
Commission Drilling, Inc. 

SM Ef 83 SM-81-0645 St. Mary's College of Mary land Branham Contractors, Inc. 42 04-13-84 580 572 8 

SM Ef 84 SM-81-3288 St. Mary's County Metropolitan Watson & Johnson Well 85 07-12-89 395 395 4 
Commission Drilling, Inc. 

SM Ef 85 SM-81-3289 St. Mary's County Metropolitan Watson & Johnson Well 85 07-12-89 395 395 4 

Commission Drilling, Inc. 
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Pumpi ng test data 

Screen Dep th to 
Well 

settings Aq uifer stat ic 
Date Yield Drawdown 

Specific Duratio n Remarks 
number 

(ft) water 
repo rted (gpm) (ft) 

capacity of test 
level (gpm/ft) (ho urs) 
(ft) 

555·595 Aquia 136 09·24·87 230 40 5.8 17 Hunting Quarter. SM Ee 49 
Owner's well Watso n #1. 

525·575 Aqu ia 120 03 ·0 1·91 246 90 2.7 3 H untin g Quarter. SM Ee 50 
Owner's well Watso n #2? 

310·322 Piney 105 08· 12·46 20 45 0.4 12 Owner 's we ll # 1. SM Ef 3 
Po in t- O ri ginall y dri lled fo r 

Nanj emoy C & P Telepho ne Co. 

317·322 Piney 11 5 12·05·66 45 185 0.2 4 Well Ef 56 assigned to SM Ef 561 
Po in t- I 14.46M 12·15·66 1,509 ft hole; Ef 57 Ef 57 

N anj emoy assigned to 322 ft ho le; 
U .S. Geo logical Survey 
o bserval io n well. Highest 
water level measured, 
114.46 ft below land 

surface datum, 12-15-66; 
lowest measured , 137.99 

ft below land surface 

datum, 08·06·86 . P eri od 

of reco rd, 12·66, 06·67 , 

02·69 to 12·88. See cross· 

section B-B '. 

289 ·297 Piney 87 12·08·52 55 69 0.8 12 Owner's well #2 . SM Ef 65 

Po int-
Nanjemoy 

320·335 Piney 90 04·23-59 45 40 l.l 4 Owner's well #3 . SM Ef 66 
Po int-

N anj emoy 

532·558 Aqui a 63 08 ·27·68 107 27 4.0 24 Owner's well #1. SM Ef 69 

665·685 U ppe r 45 09·2)·83 50 75 0.7 10 Visitors Center. Screened SM Ef 79 

Patapsco(?) below Aquia aquife r, may 
be in Patapsco 

Format io n. See cross-

sectio n B-B'. 

505·570 Aquia 103 08·30·88 400 104 3.8 12 Owner's well #4. See SM Ef 81 
cross-sectio n B-B'. Gravel 

pack 400·7 40 ft . 

605·615 Aquia 185 05· 17·91 168 55 3.1 24 So uthgate Cen ter SM Ef 82 
615·635 T ownho uses. 
635·655 

535·572 Aquia 91 04· 13·84 150 11 9 1.3 10 Owner's well #2. SM Ef 83 

375·395 Piney 140 07·12·89 109 20 5.4 4 Fox Meadow. Gravel SM Ef 84 
Po int- pack 365·395 ft. 

N anjemoy 

375·395 Piney 140 07· 12·89 120 20 6.0 4 Fox Meadow. T est well; SM Ef 85 
Point- abando ned and destroyed. 

N anjemoy Replaced by well 

SM Ef 86. Gravel pack 

365·395 ft . 
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Appendix A. Selected well records-Continued 

Approx. 

State 
imate 

D ate well Depth Depth 
Diameter 

Well altitude of well 
number 

permit Owner Driller 
of land 

reported hole well 

number completed (ft) (ft) 
screen 

surface (inches) 
(ft) 

SM Ef 86 SM·88·0280 St. Mary', County Metropolitan Watson & Johnson Well 85 10·27·89 375 375 4 

Commission Drilling, Inc. 

SM Eg 27 SM·73·1993 U.S. Geological Survey Patuxent Pump & Well, 10 07·23·76 341 320 2 
Inc. 

SM Eg 28 SM·73·1 99 1 U .S. G eo logical Survey Patuxent P ump & Well, 10 07·22·76 601 545 2 
Inc. 

SM Eg 29 SM·70·0140 F riendly Mobile Manor, Inc. William F . Freeman 110 1969 335 335 

SM Fe 1 None St. Mary's Co unty Metropolitan Washington Pump & Well 10 0[·1942 412 412 
Commissio n Co. 

SM Fe 2 None St. Mary's Co unty Metropolitan Washingto n Pump & Well 10 1943 432 432 
Commission Co. 

SM Fe 21 None St. Mary's County Metropolitan Washingto n P ump & Well 9 1941 409 409 
Commissio n Co. 

SM Fe 23 SM·00·5474 Steuart Pe tro leum Co . Washington P ump & Well 4 05·19·50 405 405 7.5 
Co. 

SM Fe 24 SM·00·5443 Steuart Petro leum Co . Washington Pump & Well 5 04· 12·50 411 411 5.5 
Co. 

SM Fe 27 SM·67·0161 Borg, Alan C. J. J. Payne & Sons, Inc. 10 12·22·66 260 260 2 

SM Fe 30 SM·73·19 17 U.S. Geological Survey Patuxent Pump & Well, 9 06·03·76 297 270 2 
Inc. 

SMFe 31 SM·73·3088 U .S. Geological Survey Shannahan Artesian Well 8 10·18·78 639 461 3 
Co. 
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Pumping test data 

Screen Depth to 

settings Aquifer static Specific Duration Remarks 
Well 

Date Yield Drawdow n number 
(ft) water 

reported (gpm) (ft) 
capacity of test 

level (gpmlft) (hours) 
(ft) 

355-375 Piney 140 10-27-89 50 20 25 4 Fox Meadow. SM Ef 86 
Point- Replacement for well 

Nanjemoy SM Ef 35 (SM-81-3289). 
Gravel pack 345-375 ft. 

310-320 Piney 20 07-23-76 25 24 1.0 4 Observation well. SM Eg 27 
Point- Highest water level 

Nanjemoy measured, 19.84 ft below 
land surface datum, 

05-12-78; lowest 
measured, 29.33 ft below 

land surface datum, 
07-10-91. Period of 

record: 08-76 to 09-93. 

535-545 Aquia 20 07-22-76 1 205 0.005 3 U.S. G eo logical Survey SM Eg 28 
test hole. See cross-
sectio n A-A' . 

325-335 Piney 180 1969 25 35 0.7 10 Owner's well #1. SM Eg 29 
Point-

Nanjemoy 

400-412 Aquia 8.66 05-18·50 Originally drilled for SM Fe 1 

U.S. Navy . Harry 

Lundeberg School of 

Seamanship. 

412-432 Aquia 8 04-1 943 Originally drilled for SM Fe 2 

U.S. N avy. 

397-409 Aquia 11.44 05-17·50 Originally drilled for SM Fe 21 

U .S . Navy. 

391-405 Aquia 2 05·19-50 180 83 2.2 24 SM Fe 23 

402-411 Aquia 8 04-12-50 25 17 1.5 12 SM Fe 24 

220·260? Piney 8 12·22-66 15 \3 1.2 3.5 O w ner's well Potomac SM Fe 27 

Point- Sands #1. F ormerly 
N anjemoy owned by Arthur 

Puchctti. 

260-270 Piney 15 06-03·76 20 79 0.2 4 Observat io n well. SM Fe 30 

Point- Highest water level 

N anjemoy measured, 14.24 ft below 

land surface datum , 

10·06-76; lowest 

measured, 24.54 ft below 
land surface datum, 

09 · 11-93 . Period of 
record: 08-76 to 09-93 . 

45 1-461 Aquia 33 10· 18-78 12 27 0.4 4 Observation wel l. SM Fe 31 
I-lighest wate r level 

measured, 29.77 ft below 
land surface, 12-05-78; 

lowest measured, 64.95 ft 
below land surface, 

03 ·03 ·93. P eriod of 
record : 10-78 to 09-93 . 
See cross-sectio n B-B '. 

Gravel pack 430-639 ft . 

119 



Appendix A. Selected well records-Continued 

Approx-
imate 

Date well Depth Depth 
Diameter 

Well 
State 

altitude of well 

number 
permit Owne r Driller 

of land 
repo rted hole well 

number completed (ft) (ft) 
screen 

surface (inches) 

(ft) 

SM Fe 35 SM-73-0330 Steuart Petroleum Co. l. J. Payne & Sons, Inc. 10 04-30-73 265 265 2 

SM Fe 36 SM-73-0896 Steuart Petroleum Co. l. l · Payne & Sons, Inc. 5 06-28-74 440 440 2 

SMFe 39 SM-73-3607 Maryland T idewater Earle F. Scho field 7 06-11-80 465 465 4 

Administration 

SM Fe 40 SM-81-3344 Daniel J. H ur.;o n Delmarva Drilling 8 08-16-88 500 475 6 

SM Fe 41 SM-81-3684 St. Mary's County Metropo litan Patuxent P ump & Well, 8 04-25-89 420 420 4 

Commission Inc. 

SM Ff 21 No ne U.S. Navy: Naval Electronic Washington Pump & Well 9 1945 486 486 2 

Surveillance Engineering Activity Co. 
(NESEA), Webster Air Field 

SM Ff 35 SM-73-1496 U.S. Navy: Naval Electronic A.C. Schultes & Sons, Inc. 5 08- -75 599 537 4 
Surveillance Engineering Activity 

(NESEA), Webster Air F ield 

SM Ff 36 SM-73-1478 Kitts Point Utility Corp. Patuxent Pump & Well, 5 10-29-75 940 618 8 

Inc. 

SM Ff 45 SM-81 -2435 U.S. Navy: Naval Electronic Sydno r Hydrodynamics, IS 05-08-87 560 540 4 

Surveillance Engineering Activity Inc_ 

(NESEA), Webster Air Field 

SM Fg 45 SM-04-5190 Ridge Volunteer F ire Department Shannahan Artesian Well 65 01-02-62 436 436 5 

Co . 

SM Gh 8 SM-7 1-0339 Point Loo kout State Park Patuxent Pump & Well, 5 08-23-71 720 716 6 

Inc. 
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Pumping test data 

Screen Depth to 
sett ings Aquifer static Specific Duration Remarks 

Well 
Date Yield Drawdown number 

(ft) water 
reported (gpm) (ft) 

capacity of test 
level (gpm/ft) (hours) 
(ft) 

245·265 Piney 16 04-30·7) 20 29 0] 3 SM Fe 35 
Point-

Nanjemoy 

416·440 Aquia 20 06·28 ·74 40 20 2.0 4 SM Fe 36 

425·465 Aquia 25 06·11·80 550 40 13.8 18 Piney Point Aquaculture SM Fe 39 
Center. Facili ty not in 

use. 

425·475 Aguia 40 08· 16·88 125 31 4.0 24 Landings at Piney Point. SM Fe 40 

Originally drilled as a test 
well ; now converted to 

publ ic supply. Gravel 
pack 330·480 ft. 

400·420 Aguia 55 04·25·89 120 82 1.5 3 In Piney Poi nt. SM Fe 41 

464·486 Aquia 10 1945 150 11 5 1.3 Webster Field. SM Ff 21 

487·537 Aguia 45 08· ·75 305 144 2.1 24 Mo ll s Cove. Test welL SM Ff 35 

Gravel pack 380·537 ft. 

594·618 Upper 5 10·29·75 300 90 3.3 24 Test well. See cross- SM Ff 36 

Patapsco(?) 6.80M 11 ·14·78 section B-B'. 

484·540 Aguia 53 05·08·87 140 188 0] 24 Webster Field . Test welL SM Ff 45 
Gravel pack 360·545 ft. 

386·415 Piney 76 0 1·02·62 120 64 1.9 6 Observation well. SM F g 45 

Point- Highest water level 

Nanjemoy measured , 74 .83 ft below 

land surface datum , 

05·1 6·67; lowest 

measured, 88.93 ft below 
land surface datum, 

12·06·88. Period o f 
reco r& 05·66 to 09·93. 

677·69 4 Upper Flowing 08·2}·71 250 187 1.4 30 Public supply welL See SM Gh 8 

698·71 6 Patapsco(?) 2 gpm at cross-section B-B'. 

+1 
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Appendix B. On-site description of Solomons Island core hole (CA Gd 60) 

[modified from Gibson and Andrews, 1994; Gibson and Bybell, 1994] 

The sediment and rock colors, where used, are from the Geological Society of America's "Rock Color Chart. " Depth 
is in feet below land surface. Altitude of land surface is approximately 15 feet above sea level. 

LOWLAND DEPOSITS 
0-28 ft: No coring. Descriptions from rotary drilled 

cuttings. 
0-1 ft: Gray clay, massive, with about 10 percent fine to 

coarse quartz sand. 
1-8 ft: Brownish-gray clayey sand becoming coarser 

toward the bottom. 
8-16 ft: No description available. 
16-26 ft : Becomes more sandy, with gray, very fine sand 

and gravel. 

CHESAPEAKE GROUP (CAL VERT FORMATION): 
26-28 ft: Light-greenish-gray, very fine sand with 

abundant shell. 

Started coring at 28-ft depth. 
RUN 1, 28-37 ft: 

9-ft core run, 0.2-ft recovery. 
28-28.2 ft: 

Indurated sand that blocked core barrel. 
28.2-37 ft: No recovery. 

Drilling bit at end of barrel contained bluish clay 
suggesting that probably entire run was tluough 
Miocene beds. 

RUN 2, 37-47 ft: 
lO-ft core run, 2-ft recovery . 

37-39 ft: 
SAND, very fine to fine, slightly clayey, 
massively bedded with abundant shell material; 
barnacle fragments most abundant, but has clams 
that look like Ensis; several inch-long pieces of 
wood near bottom; mediwll-gray-green. 

39-47 ft: No recovery . 
47 -60 ft: 

Drillers reamed out hole, mistakenly went 10 ft 
past targeted depth of 50 ft , no samples over this 
interval. 

RUN 3, 60-66 ft: 
6-ft core run, 3-ft recovery . 

60-63 ft: 
SAND, very fine , clayey , silty, massively 
bedded, with bioturbated fabric, f:lirly abundant 
shell ; shells generally in lenses 1/2 to 1 inch 
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thick; some pecten shells that are probably 
Chesapecten nefrens and also some Turritella; 
mediumn-dark-gray-green. 

63-66 ft: No recovery . 

RUN 4, 66-76 ft: 
lO-ft core run, I-ft recovery. 

66-67 ft: 
SAND, very fine, clayey, silty, massively 
bedded; scattered fine shell; medium-dark-gray
green. 

67-76 ft: No recovery. 

RUN 5, 76-86 ft: 
lO-ft core run, 9.3-ft recovery. 

76-85 .3 ft: 
SAND, very fine, silty, clayey; highly 
bioturbated fabric; very scattered shell in upper 
5 ft, more shell in lower 4 ft, both scattered and 
inlayers, including abundant Turritella; mediumn
gray-green. 

85.3-86 ft: No recovery . 

RUN 6, 86-96 ft: 
lO-ft core run, 7-ft recovery. 

86-89 ft: 

89-93 ft: 

SAND, very fine, clayey, silty; some scattered 
shell; bioturbated fabric; bed appears to be 
continuation of above unit, has large Turritella at 
top; mediwn-gray-green; this interval appears to 
represent a transition to finer grained sediments 
below that are darker in color and do not have 
any shell material. 

CLA Y, very fine, sandy and silty, massively 
bedded; no shells; mediumn-dark-gray-green; unit 
is botl1 darker in color and lacks the bioturbated 
fabric of the above unit. 

93-96 ft: No recovery. 

RUN 7, 96-106 ft: 
10-ft core run, 10-ft recovery. 

96-101 ft: 
SILT, clayey with some silty clay intervals, 
massively bedded; common Turritella is scattered 
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throughout core, not in layers, and it has some 
smaller clams; medium-dark-grayish-green; 
compared to above unit it is both more olive and 
somewhat lighter in color and it is highly 
bioturbated and has a fair amount of shell. 

101-106 ft: 
SAND, silty, clayey, massively bedded; highly 
bioturbated fabric; common Turritella scattered 
through core; medium-dark-gray-green. 

RUN 8, 106-111 ft: 
5-ft core run, 5-ft recovery. 

106-110 ft: 
SAND, very fine, silty, clayey, massively 
bedded; common Turritella scattered through 
core; carbonaceous debris in lower 2 ft; medium
dark-gray-green. 
Burrowed surface at 110 ft with underlying 

more olive unit. 
110-111 ft: 

CLAY, silty; bioturbated fabric; few shells; 
possible clay clasts; olive-green. 

RUN 9, 111-119 ft: 
8-ft core run, 7.6-ft recovery. 

111-117.6 ft: 
CLAY, silty, massively bedded; highly 
bioturbated fabric; no shell; clay clasts in upper 
3 ft; continuation of unit seen in bottom of above 
run, which becomes darker and more olive with 
lighter gray-green bioturbation fabric; olive
green. 

117.6-118 .6 ft: 
SAND, very fine, clayey, massively bedded; 
sparse poorly preserved shell; carbonaceous 
debris at 118.3 ft; more gray-green. 

118.6-119.0 ft: No recovery. 

-------Contact at 119 ft, appears to be burrowed surface. 

RUN 10, 119-126 ft: 
7-ft core run, 7-ft recovery. 

119-123 ft: 
CLAY, sandy, with some highly sandy intervals; 
highly bioturbated fabric with silty pods in 
clayey matrix; a few shell fragments in upper 
part; olive-green mottled in mediwn-gray-green; 
appears to have burrows from overlying unit. 

123-126 ft: 
SAND, fine, clayey, massively bedded; very few 
shell fragments; mediwn-dark-gray-green. 
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RUN 11, 126-136 ft: 
lO-ft core run, 3.5-ft recovery. 

126-129.5 ft: 
SAND, fine, clayey, massively bedded; small 
amount (1-2 percent) of fine- to medium-grained 
glauconite; small amount of scattered shell with 
few larger clams of Astarte?; bioturbated fabric 
with lighter colored more silty and sandy areas 
of dusky-yellow-green (5 GY 512) mottled with 
darker more clayey sand of grayish-olive-green 
(5 GY 3/2). 

129.5-136 ft: No recovery. 

RUN 12, 136-146 ft : 
lO-ft core run, 2.9-ft recovery. 

136-138.9 ft: 
SAND, very fine to fine, slightly clayey, but 
with some intervals having considerable clay; 
massively bedded with bioturbation fabric 
containing sandy pods; no shell; olive-gray (5 Y 
312); color considerably different from above 
run. 

138.9-146 ft: No recovery. 

RUN 13, 146-156 ft: 
lO-ft core run, 0.5-ft recovery. 

146-146.5 ft: 
SAND, very fine to fine, clayey, some more 
clayey laminae about 114 inch thick; parts 
between laminae are highly bioturbated; no shell; 
olive-gray (5 Y 3/2); bed is possibly near the 
base of a cycle as it is much more sandy and 
more olive in color than the next run. 

146.5-156 ft: No recovery. 

RUN 14, 156-166 ft: 
10-ft core run, 9.5-ft recovery . 

156-163.5 ft: 
CLA Y, silty, very fine, sandy with some 
intervals grading to clayey silt to very fine sand, 
massively bedded; bioturbation fabric; few 
scattered shell fragments; phosphatic 
brachiopods; fish scales; diatomaceous; dusky
yellow-green (5 GY 5/2); this run is slightly 
darker in color and slightly less bioturbated than 
run below. 

163.5-165.5 ft: 
SAND, very fine, clayey, massively bedded; 
bioturbation fabric; no shells; diatomaceous; 
dusky-yellow-green (5 GY 5/2). 

165.5-166 ft: No recovery . 
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RUN 15, 166-176 ft : 
lO-ft core run, 9. 3-ft recovery. 

166-172.3 ft: 
SAND, very fine, clayey; heavily bioturbated 
fabric with lighter colored sand; contains massive 
bedding; about 1 percent very fine grained 
glauconite; no calcareous shells but some 
phosphatic brachiopods; dusky-yellow-green (5 
GY 5/2) mottled with lighter grayish-yellow
green (5 GY 7/2). 

172.3-175.3 ft: 
CLAY, silty, very fine sandy, some intervals 
with a lot of very fine sand; bioturbated fabric, 
but also contains some more sandy laminae about 
1 inch thick; no shells; grayish-olive-green (5 
GY 3/2); possibly a burrowed contact at 172.3 ft 
or possibly just a lithologic and color change to 
finer grained sediments with a darker green and 
less olive color. 

175.3-176 ft: No recovery. 

RUN 16, 176-186 ft: 
lO-ft core run, lO-ft recovery. 

176-182.7 ft: 
CLA Y, silty, very fine sandy, massively bedded; 
bioturbated fabric; 1 percent very fine grained 
glauconite; slightly diatomaceous; a few small 
shell fragments; dusky-yellow-green (5 GY 5/2). 

-----Sharply burrowed contact at 182.7 ft with 0.7 ft 
relief. 

182.7-186 ft: 
CLA Y, silty, massively bedded; bioturbation 
fabric; diatomaceous; no shell; grayish-olive
green (5 GY 3/2). 

RUN 17, 186-190 ft: 
4-ft core run, 4-ft recovery. 

186-190 ft: 
CLAY, silty, massively bedded; bioturbation 
fabric of light-olive-gray (5 Y 5/2) with 
yellowish-gray (5 Y 7/2); diatomaceous; no 
shell; echinoid spines abundant. 

RUN 18, 190-196.5 ft: 
6.5-ft core run, 6.5-ft recovery. 

190-196.5 ft: 
CLA Y, silty, mostly massively bedded but has 
some thin, l -rnm-thick silty laminae; otherwise 
has bioturbated fabric; very diatomaceous; no 
shell; light-olive-gray (5 Y 5/2). 

RUN 19, 196.5-206 ft: 
9.5-ft core run, 9.5-ft recovery. 
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196.5-204.9 ft: 
CLA Y, silty, massively bedded; faint 
bioturbation fabric; very diatomaceous; no shell; 
continuation of above unit; light-olive-gray (5 Y 
5/2). 

-----GRADATIONAL CHANGE across 0.5 ft from 204.4 
to 204.9. 

204.9-206 ft: 
SAND, medium to coarse with some angular 
phosphate; abundant shells, some look like large 
oysters; at base is coarse sand with no shell; 
grayish-olive-green (5 GY 3/2) . 

RUN 20, 206-216 ft: 
lO-ft core run, 3.3-ft recovery. 

206-208.3 ft: 
SAND, fine to medium, clayey with some 
phosphatic fine gravel, massively bedded; 
contains bioturbated fabric; micaceous; abundant 
thick oyster and clam shells; dusky-yellow-green 
(5 GY 5/2). 

-----GRADATIONAL CHANGE across 0.2 ftfrom208.1 
to 208 .3 ft. 

208 .3-209.3 ft: 
SAND, slightly clayey, massively bedded with a 
few fine glauconite grains; few shells; this 
interval has less clay and shell than immediately 
above; grayish-olive-green (5 GY 3/2). 

209.3-216 ft: No recovery . 

RUN 21, 216-226 ft: 
lO-ft core run, 3-ft recovery. 

216-217.5 ft: 
SAND, bimodal sediment distribution with 
abundant medium to coarse sand and fine quartz 
gravel mixed with some clay, massively bedded; 
contains less than 1 percent glauconite; some 
shell; dusky-yellow-green (5 GY 5/2); is basal 
part of Calvert Formation. 

217.5-221 ft: No recovery. 

-----MAJOR LITHOLOGIC CHANGE at 221 ft. 

PINEY POINT FORMATION: 
221-222.5 ft: • 

SANDSTONE, fine- to medium-grained 
quartzose; 10-20 percent glauconite; abundant 
clam shell molds; light-olive-gray (5 Y 6/1); hard 
bed is top of Piney Point Formation. 
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222.5 -226 ft: No recovery. 

RUN 22, 226-236 ft: 
1O-ft core run, 0 .3-ft recovery. 

226-226.3 ft: 
SANDSTONE, fine- to medium-grained 
quartzose; contains 5-10 percent glauconite, 
phosphate grains, abundant clam shells and 
molds; appears to have dolomitic cement, 
bioturbated fabric with some more clayey areas; 
greenish-gray (5 GY 6/1). 

226.3-236 ft: No recovery. Appears to be an interval of 
alternating indurated beds and very loose sands. 

RUN 23, 236-246 ft: 
1O-ft core run, 0.5-ft recovery. 

236-236.5 ft: 
SANDSTONE and SAND; sandstone is fine 
grained, massively bedded with 5 percent 
glauconite, grayish yellow green (5 GY 7/2); 
sand is fine to medium, very slightly clayey with 
5-10 percent glauconite, fairly abundant fine shell 
hash; dusky yellow green (5 GY 5/2). 

236.5-246 ft : No recovery. Appears to be interval of 
alternating indurated beds and very loose sands . 

RUN 24, 246-256 ft: 
10-ft core run, 1.9-ft recovery. 

246-247.9 ft: 
SAND and SANDSTONE; sand is mostly fine 
with some medium grains, slightly clayey, 
massively bedded; contains 5-10 percent 
glauconite , fairly abundant fragmental shells, and 
some large oysters; grayish olive-green (5 GY 
3/2); several 0.2-ft-thick sandstone beds in this 
interval. 

247.9-256 ft : No recovery. Appears to be interval of 
alternating indurated beds and very loose sands. 

RUN 25, 256-266 ft: 
10-ft core run, 1-ft recovery . 

256-257 ft: 
SANDSTONE, fine-grained, clayey in places; 
contains some coarse sand and gravel of which 
some grains are amber coated and others are 
brown like goethite; massively bedded with 
bioturbated texture; 5 percent glauconite; pale
olive (10 Y 6/2); is near or at base of the Piney 
Point Formation. 

257-266 ft: No recovery. 

-----MAJOR LITHOLOGIC CHANGE. 
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NANJEMOY FORMATION: 

RUN 26, 266-276 ft: 
10-ft run, 6.7-ft recovery 

266-272.7 ft: 
SAND, fine to medium, clayey with abundant 
medium to coarse sand and some fine gravel of 
which many grains have a yellow-stained 
surface; medium to coarse quartz grains are 
highly polished; contains dark-gray clay layers 
that are 1-3 inches thick and thinner 
discontinuous clay lenses that have many 
burrows filled with light-gray-green sand; 
contains 5-20 percent glauconite, 10-20 percent 
polished brown phosphate; is highly bioturbated 
with no visible shell; dark-gray ish-green; is near 
or at top of Nanjemoy Formation. 

272.7-276 ft: No recovery. 

RUN 27, 276-286 ft: 
1O-ft core run, 6-ft recovery. 

276-280 ft: 
SAND, fine to medium, clayey; is interspersed 
with sandy clay intervals and highly burrowed, 
more olive clay laminae about 112 inch thick; 
contains abundant medium to coarse sand and 
fine gravel clasts that are polished and 
sub rounded to rounded, commonly with amber to 
brown coating, 10 percent glauconite, 5 percent 
phosphate, several pieces of lignitized wood, no 
visible shell; is highly bioturbated; dark-grayish
green. 

280-282 ft: 
CLA Y, sandy; is interspersed with highly 
burrowed clay laminae; amber to brown-stained 
quartz gravel are more abundant than in above 
interval; gravel is polished and subrounded to 
rounded; contains 5-10 percent glauconite, 5-10 
percent phosphate, no visible shell; dark-gray ish
green. 

282-286 ft: 
Interval not described 

RUN 28, 286-296 ft: 
1O-ft core run, 0.3-ft recovery. 

286-286.3 ft: . 
SAND, fine to coarse, clayey with some fine 
gravel, no visible shell; dark-grayish-green. 

286.3-296 ft: No recovery . 

RUN 29, 296-301 ft : 
5-ft core run, 0 .2-ft recovery. 
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296-296.2 ft: 
SAND and SANDSTONE, fine to medium, 
clayey with 5-10 percent glauconite; highly 
bioturbated; dark-grayish-green. 

296.2-301 ft: No recovery. 

RUN 30, 301-309 ft: 
8-ft core run, no recovery. 

RUN 31, 309-316 ft : 
7-ft core run, 3-ft recovery. 

309-312 ft: 
SAND, fine to medium with some coarse, clayey 
sand, mostly massively bedded, but contains 
some 1!2-inch-thick clay laminae that are 
burrowed; medium to coarse quartz sand is 
polished and has yellow to yellow-brown coating; 
contains 10-15 percent glauconite, no visible 
shell; medium-dark-grayish-green. 

312-316 ft: No recovery . 

RUN 32, 316-322 ft: 
6-ft core run, 4.5 -ft recovery. 

316-320.5 ft: 
SAND, fine to medium, clayey with some coarse 
sand and fine gravel, massively bedded with 
some 1!2-inch-thick burrowed clay lenses, 10-20 
percent glauconite, no visible shell; dark-grayish
green. 

320.5-322 ft: No recovery. 

RUN 33, 322-326 ft: 
4-ft core run, 2-ft recovery. 

322-324 ft : 
SAND, fine to medium, clayey with some 
quartzose coarse sand and fine gravel that is 
yellow to brown coated, some 1!2-inch-thick 
burrowed clay lenses, 10-20 percent glauconite, 
no visible shell; dark-grayish-green. 

324-326 ft: No recovery. 

RUN 34, 326-331 ft: 
5-ft core run, 4.5 -ft recovery. 

326-327.5 ft: 
SAND, clayey; same as that in above run with 
no visible shell. 

327 .5-330.5 ft: 
SAND , fine to medium, clayey with some 
burrowed thin clay laminae, polished coarse sand 
and fine gravel , 5 percent glauconite, some 
glauconite staining of particles, no visible shell; 
this run is a coarser sand with less clay than in 
above run; dark-grayish-green. 

330.5-331 ft: No recovery. 
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RUN 35, 331-336 ft: 
5-ft core run, 3-ft recovery. 

331-334 ft: 
SAND, fine, clayey with some coarse sand and 
fine gravel; contains common burrowed clay 
laminae, 10-20 percent glauconite with glauconite 
more abundant in lower 0.3 ft where it is 
associated with glauconitic staining of burrows 
and sediment; dark-grayish-green; this run is a 
finer sand with more clay and less coarse sand 
and gravel than above run. 

334-336 ft: No recovery. 

RUN 36, 336-341 ft: 
5-ft core run, 4-ft recovery. 

336-340 ft: 
SAND, clayey with some coarse sand and a little 
fine gravel; contains abundant burrowed clay 
laminae, 20-30 percent glauconite; quartz grains 
stained green (not yellow), no visible shell; more 
abundant clay laminae, more glauconitic, and 
less coarse-grained material than in above runs; 
dark-green with more olive clay intervals than 
above. 

340-341 ft: No recovery . 

RUN 37, 341-346.5 ft: 
5.5-ft run, 5.5-ft recovery. 

341-346.5 ft: 
SAND, clayey with small amount of coarse sand; 
contains abundantly burrowed silty clay laminae, 
highly bioturbated fabric with medium-olive
grayish-green clay and dark-greenish-black 
glauconitic sands that may contain 50 percent 
glauconite; no visible shell. 

RUN 38, 346.5-356 ft: 
9.5-ft run, 2.7-ft recovery. 

346.5-349.2 ft: 
SAND, fine, clayey with a few coarse sand 
grains; contains abundant burrowed clay laminae, 
of which some are discontinuous; has highly 
bioturbated fabric with glauconite more than 50 
percent in sandier portions, glauconitic staining 
of quartz grains; few scattered shell fragments; 
dark -greenish-black. 

349.2-356 ft: No recovery. 

RUN 39, 356-359 ft: 
3-ft core nm, 1-ft recovery. 

356-357 ft: 
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SAND, fine to medium, clayey with some coarse 
sand; contains discontinuous clay laminae, 
bioturbated fabric with dark-greenish-black 
glauconitic sand and medium-olive-green clay; 
glauconite exceeds 50 percent in sand; glauconite 
comprises fine sand and quartz comprises the 
medium sand; very few scattered shell fragments. 

357-359 ft: No recovery. 

RUN 40, 359-366 ft: 
7-ft core run, 6-ft recovery. 

359-362 ft: 
SAND, fine, clayey with some medium to coarse 
sand, discontinuous clay lenses, bioturbated 
fabric of dark-greenish-black, highly glauconitic 
sand and medium-olive-grayish-green clay; 
glauconite may be greater than 50 percent in 
sands; very few shell fragments. 

362-365 ft: 
SAND, fine to medium, quite clayey with few 
medium to coarse sand grains and fine gravel, 
bioturbated fabric of dark-greenish-black sand 
and medium-olive-gray ish-green clay; very few 
shell fragments. 

365-366 ft: No recovery. 

RUN 41, 366-373 ft: 
7-ft core run, 7-ft recovery. 

366-373 ft: 
SAND, fine to medium, quite clayey with some 
medium to coarse sand and fine gravel, 
bioturbated fabric of dark-greenish-black sand 
and medium-olive-grayish-green clay; glauconite 
may be more than 50 percent in sands; very few 
shell fragments. 

-----RAPID GRADATIONAL CHANGE to more clayey 
and less glauconitic beds. 

RUN 42, 373-376 ft: 
3-ft core run, 3-ft recovery. 

373-374.5 ft: 
CLAY, fine, sandy with bioturbated fabric, 2 
percent glauconite, very little shell ; medium
grayish-green. 

374.5-376 ft: 
SAND, fine, silty, very clayey with bioturbated 
fabric of medium-grayish-green sand and darker 
olive-grayish-green clay; contains 5-10 percent 
glauconite, no visible shell . 

RUN 43, 376-386 ft: 
10-ft core run, 9-ft recovery. 

376-379 ft: 
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CLAY, very fine, sandy, silty, and SAND, very 
fine, silty, very clayey; olive-gray (5 Y 3/2); 
clayey intervals are dominant; contains 
discontinuous clay laminae, bioturbated fabric, 5-
10 percent glauconite, scattered carbonaceous 
debris, few small shells. 

379-385 ft: 
CLAY, silty with discontinuous clay and 
glauconitic sand laminae in some intervals; 
remainder has bioturbated fabric of clay and 
sand, 5 percent medium to coarse glauconite, 
scattered small clam shells; grayish-olive-green 
(5 GY 3/2). 

385-386 ft: No recovery. 

-----GRADATIONAL CHANGE to much more 
glauconitic beds. 

RUN 44, 386-396 ft: 
lO-ft core run, lO-ft recovery . 

386-396 ft: 
CLA Y, sandy, silty with some medium to coarse 
quartz grains that are highly polished; contains 
few discontinuous laminae; bioturbated fabric 
dominates with grayish-olive-green (5 GY 3/2) 
clayey areas and greenish-black (5 G 211) 
glauconitic sandy clay areas; up to 30 percent 
fine to coarse glauconite. 

RUN 45, 396-406 ft: 
lO-ft core run, lO-ft recovery. 

396-406 ft: 
CLA Y, sandy; most of sand component is 
glauconite; contains some polished, green
stained, fine to medium quartz, bioturbated 
fabric, 30-50 percent glauconite or more in some 
places, no visible shell; grayish-olive-green (5 
GY 3/2) . 

RUN 46, 406-416 ft: 
lO-ft core run, 0.5-ft recovery. 

406-406.5 ft: 
SAND, fine to medium with a few coarse grains, 
clayey with bioturbated fabric; contains 50 
percent glauconite, green-stained quartz grains, 
no visible shell; dark-greenish-black (5 G 211). 

406.5-416 ft: No recovery. 

RUN 47, 416-419 ft: 
3-ft core run, 3-ft recovery. 

416-419 ft: 
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SAND, fine with some medium sand, clayey 
with bioturbated fabric, 50 percent glauconite, no 
visible shell; olive-black (5 Y 2/1). 

RUN 48, 419-426 ft: 
7-ft core run, 7-ft recovery. 

419-426 ft: 
CLAY, fine, sandy with few medium to coarse 
sand grains and thin, discontinuous clay laminae; 
becomes more clayey in lower 2 ft; contains 
bioturbated fabric, 50 percent glauconite, green
stained quartz grains, no visible shell; olive-black 
(5 Y 2/1). 

RUN 49, 426-436 ft: 
10-ft core run, 10-ft recovery. 

426-427 ft: 
CLAY, fine to very fine, sandy with 5-10 
percent glauconite, 112-inch clay clasts in lower 
0.5 ft; no visible shell; dark-greenish-gray (5 GY 
411). 

-----MAJOR LITHOLOGIC CHANGE, burrowed surface 
with l-inch-diameter burrows of lowermost 
Nanjemoy Formation extending as much as 1.8 ft 
into underlying Marlboro Clay. 

MARLBORO CLAY: 
427-436 ft: 

CLA Y, silty, massively bedded with very faint 
mottling in upper 2 ft; has some very thin (1/ 16 
inch) more silty laminae in otherwise mottled 
beds; olive-gray (5 Y 4/1) in upper part, 
becoming somewhat pinkish near the bottom. 

RUN 50, 436-446 ft: 
10-ft core run, 1. 7 -ft recovery. 

436-437.6 ft: 
CLAY, silty with some glauconite sand floating 
in clay in upper part; contains differing colored 
indistinct laminae 1 to 2 inches thick in bottom 1 
ft; lenticular pods 1/2 inch wide by 1 inch high 
in lower 1 ft have 10 percent glauconite and 
yellow-stained coarse sand and fine gravel; 
bottom 0.1 ft has interlaminated clay and 
glauconitic clay with 10-15 percent glauconite; 
brownish-gray (5 YR 4/1) at top, grading to 
pale-yellowish-brown (10 YR 612) at bottom; 
bottom is base of Marlboro. 

-----MAJOR LITHOLOGIC CHANGE. 

AQUIA FORMATION: 
437.6-437.7 ft: 
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SAND, fine to medium, massively bedded, 
glauconitic; "pistachio" green. 

437.7-446 ft: No recovery. 

RUN 51, 446-452 ft: 
6-ft core run, 3-ft recovery. 

446-449 ft: 
SAND, fine to medium, slightly clayey, 
massively bedded; contains 20-40 percent 
glauconite, 10-20 percent goethite, abundant 
clam shell fragments; grayish-olive (10 Y 4/2). 

449-452 ft: No recovery. 

RUN 52, 452-456 ft: 
4-ft core run, O-ft recovery. 

452-456 ft: No recovery; appears to be loose sands. 

RUN 53, 456-462 ft: 
6-ft core run, 0-ft recovery. 

456-462 ft: No recovery; appears to be loose sands. 

RUN 54, 462-466 ft: 
4-ft core run, 4-ft recovery. 

462-466 ft: 
SAND, fine to medium, slightly clayey, 
massively bedded with 10-20 percent glauconite 
with some colored orange-brown; many quartz 
grains are orange or green stained; contains 
scattered, small to medium clam shells; grayish
olive (10 Y 4/2). 

RUN 55, 466-476 ft: 
lO-ft core run, 0.7 -ft recovery. 

466-466.7 ft: 
SAND, fine to medium, slightly clayey, 
massively bedded; contains 10-20 percent 
glauconite with some colored orange-brown, 
scattered small clam shells; grayish-olive (10 Y 
4/2). 

466.7-476 ft: No recovery. 

RUN 56, 476-486 ft: 
lO-ft core run, 0.2-ft recovery. 

476-476.2 ft: 
SANDSTONE, fine- to medium-grained, 
massively bedded with some coarse quartz and 
goethite grains, 20 percent glauconite, green
stained quartz, abundant clam shells; very light 
gray (N 8). 

476.2-486 ft: No recovery. 
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RUN 57, 486-496 ft: 
lO-ft core run, 0.2-ft recovery . 

486-486.2-ft: 
SANDSTONE, fine- to medium-grained, 
massively bedded with some coarse quartz and 
goethite grains, 15 percent glauconite, abundant 
clam shells; very light gray (N 8). 

486 .2-496 ft: No recovery. 

RUN 58, 496-506 ft: 
lO-ft core run, O-ft recovery. 

496-506 ft: No recovery, except loose slurry of fine to 
medium glauconitic sand. 

RUN 59, 506-516 ft : 
lO-ft core run, 0.9-ft recovery . 

506-506 .5 ft: 
SANDSTONE, fine- to primarily medium
grained, massively bedded with 10-20 percent 
glauconite, orange-colored grains , some shell 
fragments; light-gray (N 7). 

506.5-506.9 ft: 
SANDSTONE, mostly fine- to some medium
grained, massively bedded with 20-30 percent 
glauconite; olive-gray (5 Y 411) . 

506.9-516 ft: No recovery . 

RUN 60 , 516-526 ft: 
10-ft core run, 3-ft recovery . 

516-517 .5 ft: 
SANDSTONE, fine - to medium-grained, 
massively bedded with 10-20 percent glauconite, 
about 10 percent yellow and orange grains; 
contains green-stained quartz , some scattered 
shell; olive-gray (5 Y 4/1) . 

517.5-518 ft: 
SAND, mostly fine to mediwn, moderately 
clayey, massively bedded with 10-15 percent 
glauconite; olive-gray (5 Y 4/ 1). 

518-519 ft: 
SANDSTONE, fine-grained with some mediwn
grained, massively bedded with 10-15 percent 
glauconite; light-gray (N 7) . 

519-526 ft: No recovery. 

RUN 61, 526-536 ft: 
10-ft core run, 8.5-ft recovery . 

526-527.3 ft: 
SAND, fine to medium, clayey , massively 
bedded with 10-15 percent glauconite, abundant 
large clams, large bryozoan colonies; grayish
olive-green (5 GY 3/2). 
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527 .3-53l.6 ft: 
SAND, fine, clayey , massively bedded with 2-3 
percent glauconite, some shell, 0.3-ft-thick 
indurated zone;. light-olive-gray (5 Y 5/2). 

-----GRADATION CHANGE over 530.6-531.6 ft to more 
glauconitic and darker colored beds. 

53l.6-533.1 ft: 
SAND, fine with some medium sand and small 
amounts of coarse, clayey, massively bedded 
sand with 10-20 percent glauconite, scattered 
shells; olive-gray (5 Y 3/2). 

533 .1-534.5 ft: 
SANDSTONE, fine, massively bedded with 
bioturbated fabric, 10-40 percent glauconite; 
light-gray (N 7) . 

534.5-536 ft: No recovery . 

RUN 62, 536-546 ft: 
lO-ft core run, 7-ft recovery. 

536-541 ft: 
SAND , grayish-olive-green (5 GY 3/2) , fine, 
clayey with moderate amount of medium to 
coarse sand; is massively bedded with 20 percent 
glauconite, scattered shell; light-gray (N 7). 

541-543 ft: 
SAND , fine, some coarse, fairly clayey , 
massively bedded with 10-15 percent glauconite, 
some shell; olive-gray (5 Y 4/1). 

543-546 ft: No recovery. 

RUN 63, 546-556 ft: 
lO-ft core run, 6-ft recovery. 

546-546 .9 ft: 
SANDSTONE, fine-grained, clayey, massively 
bedded with 2 percent glauconite; light-gray (N 
7). 

546 .9-549.5 ft: 
SAND, fine, clayey, massively bedded with 3 
percent glauconite, common scattered shell; 
olive-gray (5 Y 411). 

549.5-550.2 ft: 
SAND, fine , clayey, massively bedded with 2 
percent glauconite; light-gray (N 7). 

550.2-552 ft: 
SAND, very fine , silty, clayey, massively 
bedded with bioturbated fabric, 1 percent 
glauconite, moderate amounts of scattered shell; 
olive-gray (5 Y 411). 

552-556 ft: No recovery. 



Appendix B. On-site description of Solomons Island core hole (CA Gd 60)- Continued 

RUN 64, 556-566 ft: 
lO-ft core run, lO-ft recovery. 

556-561 ft: 
CLAY, silty, very fine, sandy, massively bedded 
with bioturbated fabric, 1 percent glauconite, 
moderate scattered shell, some scattered 
carbonaceous debris; gradational change to 
underlying unit; olive-gray (5 Y 411). 

561-565 ft: 
CLAY, silty, very fine sandy, massively bedded 
with 3- 5 percent glauconite, some phosphate 
grains, moderate amounts of scattered shell; 
gradational change to underlying unit; olive-gray 
(5 Y 4/1) . 

565-566 ft: 
SAND, fine to some medium, clayey, massively 
bedded with 20 percent glauconite at top of 
interval to 50 percent at bottom; moderate 
amount of scattered shell; olive-gray (5 Y 411). 

RUN 65, 566-576 ft: 
10-ft core run, 0-ft recovery. 

566-576 ft: No recovery . 

RUN 66, 576-586 ft: 
lO-ft core run, 6-ft recovery . 

576-582 ft: 
SAND, fine with some medium sand, clayey, 
massively bedded with 20-50 percent glauconite, 
abundant thick-shelled clams and probable 
Oleneothyris; dark-greenish-gray (5 GY 4/1) . 

582-586 ft : No recovery. 

RUN 67, 586-596 ft: 
lO-ft core run, 10-ft recovery. 

586-587 ft: 
SANDSTONE, fine-grained with some meditull
and coarse-grained, massively bedded with 10-15 
percent glauconite, many thick-shelled clams in 
random orientations; olive-gray (5 Y 3/2); base 
of Aquia Formation. 

-----MAJOR LITHOLOGIC CHANGE AND 
FORMATIONAL CHANGE, burrowed contact 
with burrows filled from overlying unit, 
extending 0.1 - 0.2 ft into underlying unit. 

BRIGHTSEAT FORMATION: 
587-596 ft : 

SAND, very fine, silty, clayey, massively 
bedded; contains bioturbated fabric with burrow 
fills of more shelly, silty, clayey, very fine sand 
mixed with more clayey areas; 2 percent fine -
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grained glauconite; is slightly micaceous; lower 
2 ft become increasingly rich in pyrite; contains 
some small to medium mollusk shells; olive
black (5 Y 2/1). 

RUN 68, 596-606 ft: 
lO-ft core run, 5.6-ft recovery. 

596-596.2 ft: 
SAND, very fine with some fine and medium 
sand, silty, clayey, massively bedded with a little 
glauconite, no visible shells; base of Brightseat 
Formation; olive-black (5 Y 2/1). 

--- --MAJOR LITHOLOGIC CHANGE AND 
FORMATIONAL CHANGE, undulating contact 
with relief of 0.1 ft. 

POTOMAC GROUP (PATAPSCO FORMATION) 
596.2-596.4 ft: 

CLA Y, sandy, massively bedded; light-olive
gray (5 Y 6/1). 

596.4-597.9 ft: 
SAND, fine, clayey, cross-bedded; pale-
yellowish-brown (10 YR 6/2). 

597 .9-598.4 ft: 
CLA Y, massively bedded; pale-brown (5 YR 
5/2) . 

598.4-600.4 ft: 
SAND, fine to medium, crossbedded; pale
yellowish-brown (10 YR 6/2). 

600.4-601.1 ft: 
CLAY, pale-brown (5 YR 5/2) with green wavy 
mottling. 

601.1 -601.3 ft: 
SAND, fine, crossbedded; pale-yellowish-brown 
(1 0 YR 6/2). 

601.3-601.6 ft: 
CLA Y, pale-brown (5 YR 5/2) with green wavy 
mottling. 

601.6-606 ft: No recovery. 

RUN 69 , 606-616 ft : 
10-ft core run, 5.2-ft recovery. 

606-607.3 ft: 
CLAY, si lty, massively bedded, slightly 
micaceous; purplish-olive-gray. 

607.3-608.2 ft: 
CLAY, silty; red and greenish-gray mottled. 

608.2-611.2 ft: 
SAND, fine, crossbedded; light-olive (5 Y 6/1). 

611. 2-616 ft: No recovery. 



Appendix B. On-site description of Solomons Island core hole (CA Gd GO)-Continued 

RUN 70, 616-626 ft: 
10-ft core run, 0-ft recovery. 

616-626 ft: No recovery, but appears to be a fine, well
sorted sand from drill cuttings. 

RUN 71, 626-636 ft: 
lO-ft core run, O-ft recovery. 

626-636 ft: No recovery, but appears to be a fine, well
sorted sand from drill cuttings . 

-----TOTAL DEPTH OF HOLE -636 FT; bottomed in 
Patapsco Formation 
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Appendix C1. Pumpages from the Piney Point-Nanjemoy aquifer, 1900 to 1981, by major users and aggregated estimates for domestic and other 
minor users by county sanitary district/planning area 

Locatioo 
County 
sanitary 

map Major user 
districU 

mzmber locatioo 
planning 

(fi&.12) 1900-
ll<A 

1919 

I Ca1vert County 2 0.0 

Canmissioom. 
HIDiD& IIiIIs 

2 Ca1vert County 2 0.0 
Ccmmiasicoen. 
Da= Beacll 

3 Ca1vert County 2 0.0 
CommissiClllefS. 
Prince Fre:leriek 
WasteWater 

T ... tmeIIIPWll 

4 Scientists Clit'fs I 0.0 
AIsociatioo. Inc. 

5 Calvert County I 0.0 
C«mnissiooers, 
Keuwood Beacll 

6 Crook>. EdwIl1l I 0.0 
Wesl<mSbore 

Es ..... 

7 Calvert County I 0.0 
Commissiooers. 
Calvert Beacll 
Park West 

8 Beaches Water I 0.0 
C_.Inc. 
Loo& Beacll a: 
Calvert Beacll 

9 Ca1vert County I 0.0 
Canmissioom. 
White Sands 

Subdivision 

h data DOC. available; e, estimate. Source of data: Historical pumpages from 1900 to 1994 were assembled from Wheeler mi Wilde (1989), 
Wheeler (1 992), am Wheeler (1 995) , Future projections from 1995 to 2020 were assembled from S1. Mary's County am. Calvert County 

Comprehensive Water m:l Sewerage Plans (1993; up:1ated 1995)] 

Average rates of water witb:1rawal in 1,000 gallons per day 

1921). 193(). 194(). 195(}' 196(). 
1970 1971 1972 1973 1974 1975 

1929 1939 1949 1959 1969 

CALVERT COUNTY 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

0.0 0.0 0.0 0.0 0.0 0.0 6.9 6.9 6.9 

0.0 0.0 8.0 20.0 24.0 21.0 19.0 21.0 24.0 27.0 33.0 

0.0 0.0 0.0 0.0 4.0 5.0 5.0 5.0 17.0 16.0 16.0 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

0.0 0.0 0.0 0.0 26.0 30.0 30.0 30.0 33.0 31.0 38.0 

0.0 0.0 0.0 2.0 12.0 12.0 12.0 12.0 12.0 12.0 14.0 

1976 1977 1978 1979 1980 1981 

0.0 0.0 0.0 0.0 3.3 52.1 

0.0 0.0 4.0 22.0 26.2 19.6 

6.9 6.9 6.9 6.9 6.9 7.Oe 

30.0 30.0 30.0 23.0 40.0 30.0 

16 .0 17.0 16.0 21.0 18.0 21.1 

0.0 0.0 0.0 0.0 5.7 7.5 

38.0 38.0 54.0 61.0 77.0 86.1 

13.0 13 .0 2.0 3.0 4.4 5.9 

-- ---
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Appendix C2. Pumpages from the Piney Point-Nanjemoy aquifer, 1982 to 2020, by major users and aggregated estimates for domestic and 
other minor users by county sanitary district/planning area 

l...ocatioo 
map Major user 

number location 
(fig. 12) 

I Calvert County 
Comrnissiooers. 
Hlmtin& Hills 

2 Calvert County 
Commiss ioners, 
Dares Beach 

3 Calvert COWlty 

Commissioners . 
Prince Frederick 
WasteWater 
Treal.menl Plant 

4 Scientists ClifTs 
Association. loc. 

5 Calvert Coonly 

Commissiooers, 
Kenwood Beach 

6 Crooe. Edward 
Wc:stemSbore 

&14"" 

7 Calvert County 
Commissiooera. 
Calvert Beach 
Park West 

8 Beaches Water 

Company,Inc .. 

Loog Beach it 
Calvert Beach 

9 Calvert CoonIy 

Commissioners. 
While Sarxb 

SUbdivisioo 

1-, ciAlI. not Ivailable; e = estimate. Source ofdat.a: Historical pumpages from 1900 to 1994 were assembled from Wheeler and Wikle (1989), Wheeler (1992). am. Wheeler (1995). Future projectioos from 1995 102020 
were usembled from S1. Mary's County and Ca lven COWlly Comprehens ive Water and Sewerage Plans (1993; updated 1995)) 

Estimated average rates of future pumpage 
Average rales of water wilh:1rawal in 1,000 gallons per day 

in 1,000 gallons per day 

1996· 2001· 2006· 21.111· 
1982 1983 1984 1985 1986 1987 1988 1989 1990 199 1 1992 1993 1994 1995 

2000 2005 21.110 2015 

CALVERT COUNTY 

56.2 55.4 7.7 15.4 12.7 12.7 15.1 10.2 11.4 8.8 8.3 9.0 25 2.5 4.7 4.9 5. 1 5.3 

32.3 27.7 27.4 40. 1 235 42. 1 36.6 36.1 30.6 29.8 13.3 15.4 14.4 14.4 17.2 21.1.0 20.0 21.1.0 

7.Oe 7.Oe 7.Oe 7.Oe 7.Oe 7.Oe 7.Oe 7.Oe 7.Oe 7.Oe 7.Oe 7.Oe 7.Oe 7.Oe 7.4 7.8 8.2 8.6 

33. 1 28 .2 25.6 27 .1 32.0 29.7 22.9 17.3 19.3 22. 1 17.6 23.0 20.6 27.4 35.5 42.7 42.7 42.7 

21.3 25.2 32.2 35.5 34.5 28.4 18.6 15.5 13.2 14.6 17.2 18.0 17.7 21.1.9 27.7 34.5 36.2 37.9 

16.7e 17.4e 20 .6 21.9 22.4 20.3 19. 1 21.0 29.3 29.3 30.8 32.3 33.8 35.3 

11.3 15.7 19.2 23.7 29.4 27.4 30.5 23.5 23.6 22.3 22.9 23.8 27.4 27.4 48.7 70.0 73.5 77.0 

88.0 97 .3 101.2 80.6 103.3 84.4 77.2 92.7 83.5 88.8 94.5 11 9.8 122. 1 122.1 173.2 224.3 235.5 244.7 

6.2 7.4 13.2 14.5 11.2 5.7 4.2 5.3 5.9 3 .8 3.6 3.8 5.0 7.3 7.7 8. 1 8.5 8.9 

Model 

layer (l) 

and 

row (R)-

2016· 
colunm (C) 

grid 
2020 

l R C 

55 225 16 

20.0 22724 

9.0 22920 

42.7 22924 

39.6 23 1 26 

36.8 23226 

80.5 23327 

257.9 23529 

9.3 23628 
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Appendix C1. Pumpages from the Piney Point-Nanjemoy aquifer, 1900 to 1981, by major users and aggregated estimates for domestic and other 
minor users by county sanitary district/planning area-Continued 

Location 
County 

Average rates of water wiUxlrawal in !,<XX> gallons per day 
sanitary 

IIlAp Major user 
districll 

number location 
planning 

(fig. 12) 19()(). 192(}' 193(). 194(}. 195(}. 196(). 
area 

1919 1929 1939 1949 1959 1969 
1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

10 Chesapeake Ranch I 0.0 0.0 0.0 0.0 0.0 22.0 24.0 12.0 12.0 14.0 16.0 18.0 23.0 14.0 23.0 27.0 26.0 26.Oe 
Water Company, 
Chesapeake Ranch 
SUbiivision 

Total for Major Users 0.0 0.0 0.0 8.0 22.0 88.0 92.0 78.0 80.0 106.9 108.9 125.9 126.9 11 8.9 135.9 163.9 207.5 255.3 

Aggregated I 156.0 178.0 222.0 267.0 267.0 267.0 267.0 267.0 334.0 334.0 334.0 334.0 334.0 415.0 415.0 
estimates of 
dom::stic and 2 55.0 63.0 79.0 95.0 95.0 95.0 95.0 95.0 119.0 119.0 119.0 119.0 119.0 148.0 148 .0 
mioor users 

3 139.0 159.0 198.0 238.0 238.0 238.0 238.0 238.0 297.0 297.0 297.0 297.0 297.0 372.0 372.0 

Total for Domestic Users 0.0 0.0 0.0 350.0 400.0 499 .0 600.0 600.0 600.0 600.0 600.0 750.0 750.0 750.0 750.0 750.0 935.0 935.0 

sr. MARY'S COUl'ITY 

II St. Mary's Couoty PineHill Run 0.0 0.0 0.0 0.0 3.0 3.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 9.0 8.0 
Metropolitan SOS 

Commission. 
Hollywood 

12 Charles County Pine Hill Run 0.0 0.0 0.0 0.0 0.0 2.0 5.2 5.2 5.2 5.2 5.2 5.2 5.2 5.2 5.2 5.2 5.2 5.2 
Coocrele SOS 

Company 

13 MuylandManor Pine Hill Run 0.0 0.0 0.0 5.0 10.0 15.0 15 .0 15.0 15.0 26.0 27.0 27.0 27.0 25.0 30.0 26.0 38 .0 41.2 
Trailer Puk SOS 

14, St. Mary's County PineHill Run 82.0 82.0 82.0 82.0 11 8.0 118.0 118.0 115.0 156.0 144.0 128.0 132.0 152.0 146.0 
15 Metropolitan SOS 

Canmission. 
Lcxin&too Puk. 

TownC=k. 
California 

16 St. Muy's County Pine Hill Run 0.0 0.0 0.0 0.0 7.0 2.0 33.0 33.0 36.0 36.0 38.0 41.0 44.0 45.0 51.0 48.0 65.0 69.5 
Metropolitan SOS 
Commi.uion. 
Greenview "'Knolls 
Subdivision 

I 
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Appendix C2. Pumpages from the Piney Point-Nanjemoy aquifer, 1982 to 2020, by major users and aggregated estimates for domestic and 
other minor users by county sanitary district/planning area-Continued 

Estimated average rates of tuture f'UIIP&e 
Model 

Location 
Average rates of water wilhlrawal in 1,000 gallons per day 

in 1.000 galloos per day 
Iaycr (1.) 

IDI 
map Major user 

nwnber location -(It)-

(fig. 12) 1996- 2001- 2006- 2011- 2016-
-(C) 

1982 1983 1984 1985 1986 1987 1988 1989 1990 199 1 1992 1993 1994 1995 &rid 2000 2005 2010 2015 2020 
L R C 

10 Chesapea~e Ranch 26.Oe 26.Oe 26.Oe 28.6 10.7 4.2 0.7 2.4 0.5 0.5 0.3 11.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 245 35 
Water Company, 
Chesapeake Ranch 
Sutxi ivision 

Total for Major Users 28 1.4 289.9 259.5 272.5 28 1.0 259.0 233.4 231.9 217.4 218.0 203.8 252.5 246.0 258.3 352.9 444.6 463 . .1 ..so.4 501.3 

Aggre- I 415.0 415.0 415.0 547.0 552.0 593.0 611.0 629.0 65 1.0 678.0 748.0 748.0 756.0 792.0 859.0 1081.0 1193.0 1259.0 1326.0 
gated 

estimates 
of 2 148.0 148.0 148.0 195.0 196.0 212.0 21 8.0 224.0 232.0 242.0 266.0 266.0 269 .0 282.0 306.0 385.0 424.0 4411.0 472.0 

domestic 
arrl minor 3 372.0 372.0 372.0 488.0 492.0 520.0 546.0 552.0 582.0 606.0 666.0 666.0 675 .0 706.0 765.0 964.0 1063.0 1122.0 1182.0 

users 

Total for Dom."Stic Users 935.0 935.0 935.0 1230.0 1240.0 1325.0 1375.0 1405.0 1465.0 1526.0 1680.0 1680.0 1700.0 1780.0 1930.0 2430.0 2680.0 2829.0 2980.0 

Sf. MARY'S COUNTY 

11 St. Mary's County 9.3 12.2 13.0 10.5 8.6 8.4 15.6 16.3 18.2 8.0 7.5 9.5 7.5 9.0 8.0 8.0 8.0 8.0 8.0 24520 
Metropolitan 
Commiss ion. 
Hollywood 

12 QlArles County 5.2 5.2 5.2 5.2 5.2 5.2 5.2 5.2 5.2 5.2 5.2 5.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 24824 
Concrete 

Company 

13 Marylm::l Manor 20.6 17.8 2.8 1.2 10.0 10.0 10.0 18.6 36.5 28. 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 25026 
Trailer Park 

14, SI. Mary's COWlty 150.0 176.0 168.0 250.0 284 .0 182.0 144.0 202.0 160.0 106.2 318.5 257.9 261.0 273.0 288.0 296.0 317.0 338.0 360.0 2 51 29 
15 Metropolitan 25228 

Commission. 
Lexington Park, 
Town Creek. 
California 

16 St. Mary's County 56.3 45.8 50.3 56 .6 54.7 30.6 31.7 30.0 30.0 30.0 30.0 12.6 0.6 5.0 6.0 10.0 15.0 20.0 25.0 25328 
Metropolitan 
Commission, 
Greenview Knolls 
Sulxlivisioo 

I 

I 

I 
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Appendix C1. Pumpages from the Piney Point-Nanjemoy aquifer, 1900 to 1981, by major users and aggregated estimates for domestic and other 
minor users by county sanitary district/planning area-Continued 

Location 
COWlty 

Average rates of wAter witlx1rawal in 1.CO) gallons per day 
sani tary 

map Major user 
dislrict/ 

number location 
planning 

(fig. 12) 1900- 1920- 1930- 1940- 1950- 1960-
area 

1919 1929 1939 1949 1959 1969 
1970 1971 19n 1973 1974 1975 1976 1911 1918 1919 1980 BIll 

17. U.S. Nary: Pine Hill Run 0.0 0.0 0.0 133.0 129.0 153 .0 128.0 115.0 101.0 100.0 95.0 98.0 79.0 S1.0 71.0 76.0 85.0 85.0 
IS. Patuxent Naval sos 
19 Air Test Center 

20 Cl~e Water Pine Hill RW1 0.0 0.0 0.0 0.0 5.0 6.0 8.0 8.0 8.0 8.0 11 .0 11.0 11.0 11.0 11.0 11.0 10.0 9.4 

Company, Inc. sos 
Waring 
Sulx1ivision 

21 Hills Mobile Pine Hill RlDl 0.0 0.0 0.0 0.0 49.0 49.0 49.0 49.0 38.0 38.0 37.0 47.0 44.0 44.0 43.0 39.0 70.0 133.5 

Home Park SD8 

22 St. Mary's Cowuy Pine Hill RWl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Metropolitan SOS 
Conuniss ion. 
Fox Meadow 

23 Frierdly Mobile Pine Hill Run 0.0 0.0 0.0 0.0 0.0 1.6 8.2 8.2 8.2 8.2 8.2 8.2 8.2 S.2 S.2 8.2 7.Oe 6 . .le 
Manor, Inc. SOS 

24 Borg. Alan C" Pirey Point 0.0 0.0 0.0 0.0 0.0 1.4 5.2 5 .2 5.2 5.2 5.2 5.2 5.2 5.2 5.2 5.2 0.0 0.0 
Potomac sams SOS 

25 Steuart Petroleum Piney Point 0.0 0.0 0.0 0.0 2.0 2.0 2.0 4.0 4.0 4.0 5.0 4.0 3.0 3.0 3.0 3.0 20.0 0.0 
Company SD5 

TOlal for Major Users 0.0 0.0 0.0 138.0 287.0 317.0 342.6 331.6 345.6 355.6 356.6 368.6 389.6 318.6 362.6 360.6 461.2 504.3 

I 

i 
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Appendix C2. Pumpages from the Piney Point-Nanjemoy aquifer, 1982 to 2020, by major users and aggregated estimates for domestic and 
other minor users by county sanitary district/planning area-Continued 

Estimated average rates of tuture pumpage 
Model 

Location 
Average rales of water wittnr8wal in 1.000 gallons per day 

in 1,000 gallons per day layer (L) 

Major user am lIlap 
-(R)-

nwnber i0c.3tion 
(fig. 12) 1996- 2001 - 2006- :WII - :W16-

column (C) 
1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 &rid 200J 2005 :WIO :W15 = L R C 

17, U.S. Navy: 85.0 85.0 85.0 85.0 85.0 85.0 85.0 67.0 125.0 138.0 104.0 ISO.7 295.5 151.5 159.5 163.5 173.5 183.5 193.5 25431 
18, Patuxent Naval 25334 
19 Air Test Center 25138 

20 Chance Water 9.7 11.1 9.5 11. 1 11. 1 4.8 11.4 11.9 9.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2552S 
Company. Inc .. 
Waring 
Subd ivision 

21 Hills Mobi le 148.3 123.3 137.1 132.7 159.7 172.2 167.9 178.6 183 .7 217.5 236.7 226.5 m.6 212.7 222.8 230.9 234.9 239.0 244.0 258 2S 
Home Park 

22 SI. Mary's County 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.0 6.0 13.0 10.0 10.0 10.0 10.0 26033 
Metropolitan 
Commission. 
Fox Mcadow 

23 Fricrdly Mobile 6.5e 6.5c 6.5e 6.5c 6.5c 6.5c 6.50 6.5e 6.50 6.5c 6.50 6.50 6.50 23 .0 23.0 23.0 23.0 23.0 23.0 25938 
Manor. Inc. 

24 Borg. Alan C .. 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 26524 
Potomac Sands 

25 Steuart Pctrolcwn 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 260424 
Company 

~ Total ror Major Users 490.9 482.9 477.4 558 .8 624.8 504.9 477.3 536.1 574.8 539.5 708.4 668.9 779.7 680.2 720.3 741.4 781.4 821.5 863.5 
- - -- - -- - ----

! 
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Appendix C1. Pumpages from the Piney Point-Nanjemoy aquifer, 1900 to 1981, by major users and aggregated estimates for domestic and other 
minor users by county sanitary district/planning area-Continued 

Location 
C0W11y 

Average rates of water witb:1rawal in I ,COO gaUons per day 
sanita!), 

map Major user 
districtl 

number location 
planning 

(fig. 12) 1900- 1920- 1930- 1940- 1950- 1960-
area 1970 1971 19n 1973 1974 1975 1976 19n 1978 1979 1980 1981 

1919 1929 1939 1949 1959 1969 

Aggregated Luck1arxi RlUl 10.0 18.0 20.0 22.0 22.0 22.0 22.0 22.0 25 .0 25.0 25.0 25.0 25.0 29.0 29.0 

estimates of SOl 
domestic aIyj 

minor users Dukehart's 10.0 17.0 19.0 21.0 21.0 21.0 21.0 21.0 25.0 25.0 25.0 25.0 25.0 28.0 28.0 

Creek SD2 

LeonardlO"Nn 10.0 18.0 20.0 22.0 22.0 22.0 22.0 22.0 25.0 25.0 25.0 25.0 25.0 29.0 29.0 

SOl 

Floctd Creek 27.0 48.0 53.0 59.0 59.0 59.0 59.0 59.0 67.0 67.0 67.0 67.0 67.0 78 .0 78.0 

so. 

Plney Point 54.0 97.0 108.0 119.0 119.0 119.0 11 9.0 119.0 137.0 137.0 137.0 137.0 137.0 158.0 158.0 

SD5 

Lake Coooy 109.0 196.0 21 8.0 239.0 239.0 239.0 239.0 239.0 276.0 276.0 276.0 276.0 276.0 319.0 319.0 

SD6 

Carroll Pam 174.0 233 .0 248.0 283.0 283.0 283.0 283.0 283.0 341.0 341.0 341.0 341.0 341.0 411.0 411.0 

S07 

Pine Hill Run 338.0 438.0 475.0 543.0 543.0 543.0 543.0 543.0 655.0 655.0 655.0 655.0 655.0 790.0 790.0 

SOS 

Manor Run 10.0 18.0 20.0 22.0 22.0 22.0 22.0 22.0 25.0 25.0 25.0 25.0 25.0 29.0 29.0 

SD9 

lOOian Creek 10.0 18.0 20.0 22.0 22.0 22.0 22.0 22.1 25.0 25.0 25.0 25.0 25.0 29.0 29.0 

SOlO 

Total for Domestic Users 0.0 0.0 0.0 752.0 1101.0 1201.0 1352.0 1352.0 1352.0 1352.0 1352.1 1601.0 1601.0 1601.0 1601.0 1601.0 1900.0 1900.0 

TALBOT COUNTY 

26 Tilglnnan Packing 0.0 0.0 0.0 0.0 11.0 11.0 11.0 11.0 9.0 24.0 19.0 11.0 11.0 0.0 0 .0 0 .0 0.0 1.0 

Company 

27 Trappe. Town of 0.0 0.0 0.0 0.0 36.0 38.0 38 .0 45.0 45.0 45.0 49.0 58.0 58.0 60.0 63.0 66.0 67.0 10.0 

28 Trappe Frozen 0.0 0.0 0.0 0.0 182.0 242.0 247.0 247.0 251.0 236.0 230.0 137.0 137.0 125.0 99.0 101.0 101.0 100.0 

Foods 

Total for Major Users 0.0 0.0 0.0 0.0 229.0 291.0 296.0 303.0 305.0 305.0 298.0 206.0 206.0 185.0 162.0 167.0 168.0 171.0 
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Appendix C2. Pumpages from the Piney Point-Nanjemoy aquifer, 1982 to 2020, by major users and aggregated estimates for domestic and 
other minor users by county sanitary district/planning area-Continued 

Estimated, average rates of fulw-e pUIIlpage Model 

Locatioo 
Average rates of waler wilbirawal in 1,000 gallons per day 

in 1,000 gaUons per day I.yer (L) 

map Major user an:! 

..- lOCAtion row (R)-

(1i&. 12) 1996· 200 1· 2006· 2011 · 2016· 
colUlml (C) 

1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 uid 2000 2005 2010 20 15 2020 
L R C 

Aa&ro- Luoklml Run 29.0 29.0 29.0 35.0 35.0 36.0 36.0 36.0 39.0 39.0 39.0 39.0 39.0 40.0 43 .0 45.0 47.0 48.0 50.0 
pltd SOl 

estimates 
d Dukthart's Creek 28.0 28.0 28.0 34.0 35.0 35.0 35.0 36.0 38.0 39.0 39.0 39 .0 39.0 40.0 42.0 44.0 46.0 48.0 49.0 

cIomosli<: SD2 
mI 

minor LoawdiOll'll 29.0 29.0 29 .0 35.0 35 .0 36.0 36.0 37.0 39.0 39.0 39.0 39.0 40.0 40.0 43 .0 45.0 47.0 49.0 50.0 
\lien SD3 

Flood C"",k 78.0 78.0 78.0 94.0 95.0 96.0 97.0 98.0 104.0 106.0 106.0 106.0 106.0 109.0 11 6.0 121.0 126.0 131.0 135 .0 
SD4 

PiDey Point 158.0 158.0 158.0 19 1.0 193.0 196.0 197.0 199.0 2 11 .0 214.0 214.0 214.0 216.0 220.0 234.0 245.0 256.0 265.0 273.0 
SOS 

Lab: CODO)' 319.0 319.0 319.0 380.0 389.0 394.0 397.0 402.0 425 .0 432.0 432.0 432.0 435.0 444.0 473.0 495.0 516.0 534.0 55 1.0 
SD6 

Carroll Poo:I 411.0 411.0 411.0 518.0 522.0 53 1.0 536.0 543.0 580.0 592.0 592.0 592.0 596.0 610.0 657.0 692.0 726 .0 754.0 782.0 
SD7 

Pine Hill RIOl 790.0 790.0 790.0 997.0 1006.0 1024.0 1033.0 1047.0 111 9.0 11 41.0 1141.0 11 41.0 11 50.0 1177.0 1267.0 1335.0 1402.0 1456.0 1510.0 
SIJ8 

ManorRI.m 29.0 29.0 29.0 35.0 35.0 36.0 36.0 36.0 38.0 39.0 39.0 39.0 39 .0 40.0 43.0 45.0 46 .0 48.0 50.0 
SD9 

Ir>IlanCrcek 29.0 29.0 29.0 35.0 35.0 36.0 36.0 36.0 38.0 39.0 39.0 39.0 39.0 40.0 43.0 45.0 46.0 48.0 50.0 
SOlO 

Total for Domestic User> 1900.0 1900.0 1900.0 Zl6O.0 2380.0 2420.0 2439.0 2470.0 263 1.0 2680.0 2680.0 2680.0 2699.0 2760.0 2961.0 3 11 2.0 3258.0 338 1.0 '1500.0 

TALBOT COUNTY 

26 Tilc1Jman Paclring 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2 1741 
Coo!poI\y 

27 Tnppe, TOIl'll of 70.0 70.0 70.0 70.0 70.0 70.0 70.0 70.0 70.0 70.0 70.0 70.0 147.3 147.3 147.3 147.3 147.3 147.3 147.3 22045 

28 TrappeFro<en 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 13.2 13.2 13.2 13.2 13.2 13.2 13.2 221 45 
Foods 

Total for Major U..,. 171.0 171.0 171.0 171.0 171.0 171.0 171.0 171.0 171.0 171.0 171.0 171.0 160.5 160.5 160.5 160.5 160.5 160.5 160.5 
-~ -- ~ --
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Appendix C1. Pumpages from the Piney Point-Nanjemoy aquifer, 1900 to 1981, by major users and aggregated estimates for domestic and other 
minor users by county sanitary district/planning area-Continued 

Locatioo 
County 

Average rates of waler wilh:::l.rawal in 1,000 gallons per day 
map Major user 

sanitary 

districll 
!N!Ilber location 

planning 
(fig . 12) 1900- 192(). 1930- 1940- 1950- 196<). 

area 1970 197 1 1972 1973 1974 1975 1976 1977 1978 1979 1980 198 1 
1919 1929 1939 1949 1959 1969 

DORCHESTER COUNTY 

29 East New Markel. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 .0 0.0 0.0 0.0 0.0 0.0 0 .0 0.0 

Town of 

30 University of 0.0 0 .0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 .0 0.0 0.0 0 .0 0.0 0.0 0.0 0.0 

Marylml, 
Hom Point 
Resean:h 
LabonUny 

31.32 Municipal Utiliti .. 644.0 802.0 1304.0 2266.0 2850.0 2634.0 3164.0 2570.0 2518.0 2468.0 2584.0 2226.0 2108.0 1900.0 2284.0 1882.0 3728.0 1314.0 

CommiMioo, 

Cambridge. City 

of 

33 Bumble Bee 0.0 0.0 0.0 0.0 439 .0 230.0 145.0 110.0 110.0 110.0 87.0 68.0 74.0 0.0 0 .0 0.0 0 .0 0 .0 

Cmporatioo 

34 America Limited. 0.0 0.0 0 .0 0.0 0.0 0 .0 0.0 0 .0 0.0 0 .0 0 .0 0.0 0 .0 0.0 0 .0 0.0 47.9 11.7 

Inc .• 
East Coast Storage 

TolAI for Major Usen 644.0 802.0 1304.0 2266.0 3289.0 2864.0 3309.0 26&0.0 2628.0 2578.0 2671.0 2294.0 21&2.0 1900.0 2284.0 18&2.0 3775.0 1325.7 
- -

i 

I 
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Appendix C2. Pumpages from the Piney Point-Nanjemoy aquifer, 1982 to 2020, by major users and aggregated estimates for domestic and 
other minor users by county sanitary district/planning area-Continued 

Estimated average rates of future pumpage 
Model 

Location 
Average rates of water wiUxlrawal in I ,co) gallons per day 

in 1,000 gallons per day 
layer (1...) 

Major user 
.,,;1 

map 
row (R)-

IlUIIlbc:r localioo 
(fig. 12) 19%· 2001- 2006- 2011 - 2016-

column (C) 

1982 1983 1984 1985 1986 1987 1988 1989 1990 199 1 1992 1993 1994 1995 grid 
2000 2005 2010 20 15 2020 

L R C 

DORCHESTER COUNTY 

29 EAst New Market. 0.0 0.0 0.0 0.0 39.2 47.2 51. 1 16.8 45.2 27.7 43.5 40.4 45. 1 45. 1 45.1 45.1 45.1 45,1 45 .1 2 2546 
Town of 

30 University of 0,0 0.0 0.0 0,0 0.0 0 ,9 1.3 1.3 1.9 2.0 3,7 59.4 67.3 67 ,3 67,3 67,3 67,3 67.3 67,3 22646 
Marylaml. 
Hom Point 
Research 
Laboratory 

31, 32 MWlicipal Utilities 2735.0 2790.0 2694,0 2714.0 2912.0 2828 .0 2794.0 2490.0 2446 .0 1444.4 982,0 11 36. 1 11 36. 1 1284.0 1284.0 1284.0 1284.0 1284.0 1284.0 22645 
Cormnission. 22745 
Cambridge, City 
or 

33 Bwnble Bee 0,0 0.0 0.0 0.0 0.0 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0,0 0,0 0.0 0.0 0,0 0.0 0.0 22845 

CorporauOll 

34 America Limited, 1.0 0.7 0,2 269.8 42. 5 55,0 55.0 73.8 0,0 0,0 0,2 0.0 0.0 0,0 0.0 0.0 0,0 0,0 0.0 22945 
11>::. 
East Coast 
Storage 

Total for Major Users 2736.0 2790.0 2694.7 2983.8 2993.7 ~- - - 2901.4 2518.9 2493. 1 1474,1 1029.4 1235,9 1248,5 1396.4 13%.4 1396.4 1396.4 1396.4 13%.4 
--- --- ---

I 
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Appendix 01 . Pumpages from the Aquia aquifer, 1900 to 1981, by major users and aggregated estimates for domestic and other minor users by 
county sanitary district/planning area 

Location 
map Major user 

number location 
(fig. 13) 

I Shri Limited 
Partnership, 
Regency Manor 
Mobile Home 
Park: 

2 Calvert C OlmlY 

Couunissioners. 
Lakewood 
Sulx1ivision 

3 Ca.lvert COWlly 
Commissioners. 
Paris Oab 
Sulxlivision 

4 North Beach. 
Town of 

5 Calvert Coumy 
Conunissiooers . 
Summit, The 
Highlands. am 
Chesapeake 

Lighthouse 
Subdivis ions 

6 Chesapeake 

Beach. Town of 

7 Calvert County 
Board of 
Education, 
Sunderlan:1 
Elementary School 

8 U.S. Navy: Naval 

Research 
Laboratory. 
Ramie C liff 
Beach 

(-, data not available; e, estimate. Source of data: His torical pumpages from 1900 to 1994 were assembled from Wheeler m:i Wilde (1 989), Wheeler (1992), and Wheeler (1 995). Future projectioos fran 1995 to 2020 wes:e 
assembled from Sl. Mary's COlU1ty an:!. Calvert County Comprehensive Water am Sewerage Plan (1993; updated 1995)1 

County 
Average rales afwater witlxlrawal in 1,CXX> galloos per day 

sanitary 
district! 
planning 

1900- 192()' 193()' 194(). 195()' 196()' 
area 1970 1971 19n 1973 1974 1975 1976 19TI 1978 

1919 1929 1939 1949 1959 1969 

CALVERT COUNTY 

3 0.0 0.0 0.0 0.0 0.0 

3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

3 5.0 5.0 5.0 5.0 10.0 28.0 30.0 30.0 30.0 30.0 31.0 23.0 29.0 38.0 38.0 

3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

3 0.0 0.0 0.0 60.0 63.0 93.0 96.0 82.0 68.0 68.0 44.0 79.0 ~.O 42.0 30.0 

1979 1910 1981 

0.8 0.8 

27.0 27.0 

8.2 7.8 

0.0 0.0 0.0 

0.0 0.0 0.0 

38.0 47.2 51.0 

0.0 0.0 0.0 

36.0 38.0 20.8< 

I 
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Appendix 02. Pumpages from the Aquia aquifer, 1982 to 2020, by major users and aggregated estimates for domestic and other minor users 
by county sanitary district/planning area 

Location 

m"p 
number 

(fig . 13) 

I 

2 

3 

4 

5 

6 

7 

8 

1-. data not available; e, estimate. Source of data: His torica l pwnpages from 1900 10 1994 were assembled from Wheeler ani Wilde (1 989), Wheeler (1992), an:j Wheeler (1995), Future projections from 199.1 to 2020 were assembled fran Sl. M&l)"s County ux1 Calvert County 
Comprehensive Water am Sewage Plan (1993; updated 1995)] 

Estimated average rates of future pumpage 
Model 

Average rales of water wiUldrawal in 1,000 gallons per day 
in 1.000 galloos per day 

layer (L) 

Major user 
and 

row (R)-
location 

1996- 2001· 2006· 2011· 2016· 
column (C) 

1982 1983 1984 1985 1986 1987 1988 1989 1990 199 1 1992 1993 1994 1995 grid 
2000 2005 2010 2015 2020 

L R C 

CALVERT COUNTY 

Shri Limited 0.8 0.4 0.4 7.9 19.3 20.0 20. 1 20.6 19.7 22.0 22.0 21. 1 19.9 19.9 22.9 24.9 26.9 27.9 28.9 3 151 2 
Parulcrship. 
Regency Manor 
Mobile Home 
Park 

Calvert County 32.0 23.8 44.1 40.9 49.3 17.0 21.9 20.3 23.3 23.5 21.2 23.4 20.7 20.7 23.4 26.0 28.6 29.9 31.2 31612 
Conunissioncrs. 
Lakewood 
Sutxiivision 

Calvert COlUlty 9.0 9.7 10.5 11.4 12.0 11.7 11.9 10.9 12.4 14.1 14.2 15.7 16.1 16.1 18.5 20.1 21.7 22.5 23.3 31719 
Commissioners. 
Paris Oaks 
Subdivision 

North Beach. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.0 68.2 103.3 109.3 109.3 125.8 136.8 147.8 153.3 158.8 31723 
Town of 

Calvert COWlly 0.0 0.0 0.6 7.3 15.0 19.6 26.0 29.6 42.8 54.0 59.2 75.8 8 1.0 81.0 82.0 83 .0 91.0 95.0 99.0 31821 

Conunissioncrs. 
Swnmil. The 
Hig,hlal~s al~ 

Chesapeake 
Ligllthouse 
Sutxlivisions 

Chesapeake 69.4 139.7 150.6 186.8 209 .8 21S. 1 232.9 219.6 214. 1 226.6 205.9 216.1 214.2 214.2 269.0 323.0 355.4 371.6 387.8 31822 
Beach. Town of 

Calvert COWlty 0.0 0.0 0.0 0.0 0.0 0.0 1.7 2.1 1.8 2.0 1.8 1.9 1.9 2 .2 2.4 2.4 2.5 2.5 31918 
Board of 
Education. 
Sundcrlal~ 

Elementary School 

U.S . Navy: Naval 20.8 20.Se 11.2 23.5 25.3 21.0 20.00 20.0< 20.00 20.0< 20.00 20.00 20.00 20.0 23.0 25.0 27.0 28.0 29.0 32123 
Research 
Laboratory. 
Randle Cliff 
Beach 
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Appendix 01. Pumpages from the Aquia aquifer, 1900 to 1981, by major users and aggregated estimates for domestic and other minor users by 
county sanitary district/planning area-Continued 

Location 
County 

Average rates of water witlx1rawal in 1.000 gallons per day 
sani18.ry 

map Major user 
districlf 

nwnber location 
planning 

(fig. 13) 1900- 1920- 1930- 1940- 1950- 1960-
area 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

1919 1929 1939 1949 1959 1969 

Calvert County 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Conunissioners. 
HlDlting Hills 

10 Calvert COWlIY 0.0 0.0 0.0 0.0 3.0 11 .0 12.0 26.0 26.0 26.0 27.0 27.0 27.0 28.0 28 .0 28.0 36.0 4.3 

COlnmissioners. 
Chesapeake 
HeighlS on the 
Bay 

II Calvert Cowuy 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Commissioners. 
Dares Beach 

12 Calvert Memoria l 0.0 0.0 0.0 0.0 4.0 5.0 5.0 5.0 10.0 11.0 11.0 11.0 12.0 12.0 12.0 32.0 39.2 26.1 

Hospital 

13 Calvert County 0.0 0.0 0.0 0.0 0.0 0.0 5.0 10.0 11.0 10.0 8.0 8.0 11.0 14.0 12.0 8.0 9.0 7.7 
Board of 
Education. Calven 
Hi gh School and 
Career Center 

14 Calvert County 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Commissioners. 
Jail and Alcohol 
Rehabilitation 
Center 

15 Calvert County 0.0 0.0 0.0 0.0 0.0 9.0 90.0 90.0 90.0 90.0 90.0 93.0 93.0 96.0 94.0 86.0 101.0 89.3 
Commiss ioners. 
Prince Frederick, 
Town of 

16 Calvert County 0.0 0.0 0.0 0.0 0.0 6.0 6.0 5.0 4.0 6.0 8.0 11.0 10.0 7.0 6.0 $.0 4.0 2.30 
Board of 
Education. Calvert 
Middle School 

17 Calvert Cowlty 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.2 2.1 
Commissioners. 
Mason Road . 
Wood ridge 
Sutxi ivision 
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Appendix 02. Pumpages from the Aquia aquifer, 1982 to 2020, by major users and aggregated estimates for domestic and other minor users 
by county sanitary district/planning area-Continued 

Estimated average rates of future pwnpage Model 

Locatioo 
Average fAtes of water willdrawal in 1,000 gallons per day 

in 1,000 gallons per day 
layer (L) 

map Major user 
am 

IUllber location 
row (R)-

(rli. 13) 1996- 2001- 2006- 2011- 2016-
column (C) 

1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 grid 
2000 2005 2010 2015 2020 

L R C 

9 Calvert County 19.7 15.1 10.2 11.4 8.8 8.3 9.0 9.5 9.5 18.0 20.7 22.5 24.7 25.2 325 16 

Camnissioom. 
!Iun1in& Hills 

10 Calvert Coonly 2.3 2.6 5.3 59.8 63.4 63.7 62.9 57.4 33.8 57.5 56.3 61.1 59.5 59.5 61.6 86.4 95.0 99.3 103.6 32624 

Canmissiooen. 
ChesApeake 
Hei&hU 00 the 
Bay 

11 Calvert CounIy 0.0 0 .0 0.0 0.0 0.0 0.0 18.4 33.6 29.7 29.8 16.1 15.1 27.3 27.3 33.0 36.8 4Q.6 42.5 44.4 32724 

Commissi~. 

l>ar<s lkacb 

12 Calvert Memorial 33.8 31.7 31.8 26.2 23.6 20.1 22.7 23.7 41.1 49.2 50.1 0.0 0 .0 0.0 0.0 0.0 0.0 0.0 32717 

Hospital 

13 Calvert County 3.6 2.7 3.8 9 .7 8.6 9.8 10.5 9.4 10.8 12.3 10.9 13.1 12.4 12.4 14.8 16.0 17.2 18.4 19.0 32718 

Boord of 
Educ.ttioo, Calvert 

1Ii&h~lmI 

c.u.er Ccmer 

14 Calvert Coonty 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.6 I.Oc 10.1 1.I 4.5 16.2 16 .2 18.6 20.2 21.8 22.6 23.4 32816 

Commissiooers. 
Jail mI Alcobol 

Rebabililatioo 
Cenler 

15 Calvert Coonty 86.0 91.4 98.3 104. 1 107.5 118.0 123.1 121.3 149.9 151.5 155.0 226.7 254.9 254.9 312.2 369.5 4QO.5 424.0 442.5 328 17 

Commissiooen. 

PriIx:e Fmkrick. 

Town of , 

I 

16 Calvert Coonly 2.3< 2 .3 2.8 2.4 3.7 2.9 2.4 1.9 1.8 2.4 2.40 2.40 2.40 2.4 2.7 2.9 3.1 3.2 3.3 32818 

I Boord of 

Educ.ttioo, Calvert 

Middle Scboo! 

17 Calvert Coonly 2.6 2.4 3.0 3.1 4.0 4.2 4.7 5.0 5.1 5.4 5.6 5.9 5.8 5.8 6.1 0.0 0.0 0.0 0.0 32917 

COlllllli.uioocrs. 
Mason Rood, 

Woodridce 
SUbdivision 

-L-
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Appendix 01. Pumpages from the Aquia aquifer, 1900 to 1981, by major users and aggregated estimates for domestic and other minor users by 
county sanitary district/planning area-Continued 

I....oc:.atioo 
County 

Average rates of water withdrawal in 1,000 gallons per day 
saniwy 

map Major user 
w..!riet! 

IDlOlber location 
pWming 

(fi,. 13) 19(](}. 192()' 193(). 1940- 1950- 1960-area 1970 1971 19n 1973 1974 1975 1976 1977 1978 1979 1980 1981 
1919 1929 1939 1949 1959 1969 

18 Calvert County 2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.7 6.0 

Commissioraers, 
Ca1vert County 
lDlustrialPark 

19 Scienti.stsClilfa I 0.0 0.0 0.0 0.0 0.0 8.0 8.0 9.0 8.0 11.0 11.0 8.0 16.0 19.0 10.0 13.0 15.0 15.5 

Associatioo. Inc. 

20 Beaches Water I 0.0 0.0 0.0 0.0 27.0 22.0 19.0 19.0 19.0 21.0 27.0 27.0 27.0 27.0 13.0 15.0 15.0 15.De 

Canpony. Inc .• 

1.00& Beach am 
Calvert Beach 

21 Calvert County I 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 .0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Ca:nmi.ssiooen. 
St. Leooanl 
Volunteer Fire 
Dc:partmcm 

22 Baltimore Gu am I 0.0 0.0 0.0 0.0 0.0 0.0 0.0 137.0 137.0 145.0 124.0 213.0 205.0 236.0 252.0 254.0 121.0 125.6 

E1ectrieCOOJPIDY. 
Calvert C1iIf. 
Nutlear Power 
PIanl 

23 Columbia LNG I 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 27.0 6.0 8.0 12.0 12.2 4.8 
Corporatioo, LNG 
TenninAI 

24 CbesapeaI:e Ranch I 0.0 0.0 0.0 0.0 0.0 27.0 28.0 40.0 40.0 46.0 55.0 58.0 77.0 46.0 77.0 92.0 111.5 135.4 

Water COOJPIDY. 
CbesapeaI:e Ranch 
SuIxlivisiOll 

25 Calvert County I 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Commissiooers. 
Solomons 

26 U.S. Navy: I 0.0 0.0 0.0 751.0 519.0 100.0 75.0 75.0 75.0 75.0 75.0 75.0 82.0 68.0 71.0 82.0 90.2 90.20 
Pstuxem Naval 
Air Test Ca!ttr. 
Solomom Annex 

Total for Maio< Uaera 5.0 5.0 5.0 816.0 626.0 309.0 374.0 528.0 518.0 539.0 511.0 633.0 674.0 639.0 639 .0 701.0 678.2 632.1 
----
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Appendix 02. Pumpages from the Aquia aquifer, 1982 to 2020, by major users and aggregated estimates for domestic and other minor users 
by county sanitary district/planning area- Continued 

Eslimatoo average rates of futw-e pmnpage 
Model 

Location 
Average rates of water wilh1rawal in I.OCI(} gallons per day 

in 1,000 gaUons per day layer (l ) 

Major user 
m:1 

map 
row (R)-

number lOCAtion 
(fig . 13) 1996· 2001· 2006· 20 11 · 2016· 

column (C) 

1982 1983 1984 1985 1986 1987 1988 1989 1990 199 1 1992 1993 1994 1995 grid 
2000 2005 2010 2015 2020 

l R C 

18 Calvert County 6.4 4.3 3.9 14.4 9.8 12. 1 15.6 14 .7 13 .2 15.6 16.2 18.3 4Q.4 4Q.4 45.4 49.4 53.4 57.4 59.4 3301 3 
Commissioners , 
Calven County 
bxlustrial Park 

19 Scienti5ts Cliffs 17.0 14.5 13.2 14 .0 6.0 6.3 15.8 15. 1 16.2 18.8 15.6 17.7 13.2 17.6 20.5 27.3 30. 1 31.5 32.9 330 25 
Association. Inc . 

20 Beaches Water 15.0. 15.0. 15.0. 48 .4 76.9 39 .0 6.2 9 .1 10.7 12.3 10.9 19.6 7.0 14.0 19.9 25.7 28.3 29.6 30.9 33429 
Company, Inc .. 

long Beach m:1 

Calvert Beach 

21 Calvert County 0.0 0.0 0.0 0.0 0.3e 0 .3e O.3e D.3e D.3e D.3e O.3e D.3e O. le 0.3 0.3 0.3 0.4 0.4 0.4 33323 
Commissioners. 
SI. l<ooard 
Voh,mleer Fire 
Department 

22 Bl.lIimore Gas m:1 Ino 239.9 278.3 260.3 261.4 316.9 248. 1 73 .4 91.3 153.2 145.5 175.3 166.0 166.0 222.0 390.0 429.0 448.5 468.0 33532 
ElecLric CornpaIl)'. 
CalvertClifI's 
Nuclear Power 
Plan! 

23 Columbia U;G 4.1 0.7 2.8 1.2 1.2 1.7 1.7 1.2 1.6 0.6 1.3 0.5 1.2 1.2 1.3 1.3 1.4 1.4 1.5 33937 
Corporatioo, U;G 
Terminal 

24 Cbeupeaklo lUnch 136.4 14Q.7 127.8 124.5 163.6 182.4 2 11.0 196.0 24 1.1 308.8 328.2 390.3 490.8 490.8 590.4 690.0 759.0 793.5 828.0 34237 
Wlter Company, 341 32 

Cbes.apeaklo Ranch 

Subdivision 

25 Calvert County 0.0 0.0 0.0 0.0 60.6 167. 1 123.5 137.5 148.2 162. 1 166.2 179.9 187.0 187.0 275.5 363.8 4QO.2 418.4 436.6 34432 
Commi.s.s iooers. 
Solomom 

26 U.S. Navy: 74.4 76.8 62.6 70.5 70.0 71.6 70.0. 50.8 70.0. 70.0. 70.0. 70.0. 89 .1 89. 1 103.0 136.2 149.8 156.6 163.4 34530 
Patuxent Naval 
Air Test Center. 
Solomoos Annex 

Total for Major Users 692.9 8 19.4 866.0 1016.4 11 91.3 1343.2 1284.8 1083.6 1211.6 1434.7 1472.7 1686.9 1866. 1 18n 5 23 12.1 28n7 3153 .1 3302.7 3443.0 
-
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Appendix 01. Pumpages from the Aquia aquifer, 1900 to 1981, by major users and aggregated estimates for domestic and other minor users by 
county sanitary district/planning area-Continued 

I....ocation 
COlmly 

Average rales of water withdrawal in l .(XX) gallons per day 
sanitary 

map Major user 
district! 

number location 
planning 

(fig. 13) 1900- 1920- 1930- 194(). 1950- 1960-
area 

1919 1929 
1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

1939 1949 1959 1969 

Aggregated I 52.0 59.0 74.0 89.0 89.0 89.0 89.0 89.0 111.0 111.0 111.0 111.0 111.0 148.0 148.0 

estimates of 
dOf1lC3tlc m:1 2 75.0 85.0 107.0 128.0 128.0 128.0 128.0 128.0 160.0 160.0 160.0 160.0 160.0 214.0 214.00 

minor users 
3 223.0 255.0 319.0 383.0 383.0 383.0 383.0 383.0 479 .0 479.0 479 .0 479.0 479 .0 638.0 638.0 

TOlal for Domestic User3 350.0 399.0 500.0 600.0 600.0 600.0 600.0 600.0 750.0 750.0 750.0 750.0 750.0 1000.0 1000.0 

sr. MARY'S COUNTY 

27 Wentworth Indian Creek: 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 .0 0.0 0 .0 0.0 0.0 0.0 0.0 0.0 

Nursery. Inc. SOlO 

28 51. Mary's County Indian Creek 0.0 0 .0 0.0 0.0 0.0 0.0 0.0 0 .0 0.0 0.0 0.0 0.0 0.0 0 .0 0.0 0.0 0.0 0.0 

Metropolitan SOlO 

Commission. 
Laurel Ridge 
SUbdivision 

29 SI. MllJ'" County lndian Creek 0.0 0.0 0.0 0.0 0.0 4.0 4.0 4.0 4.0 4.0 8 .0 8.0 8.0 12.0 13.0 15.0 21.0 18.4 

Metropolitan SOlO 

Commission. 
Rolling Acres, 

hxiiao River. mj 

Summ.it 

30 SI. MllJ'" County lndian Creek 0.0 0.0 0.0 0.0 0.0 0.0 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 8 .7 

Metropolitan SOlO 

Commi.ssioo. 
Cb.ulotte Hall 

31 Marylm:! lodi.an Creek 0 .0 0 .0 0 .0 0.0 0.0 0.0 0 .0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 .0 0.0 85.0 0.0 

Enviroommla! SOlO 

Service. 
Charlotte HaU 
Veterans' Home 

32 Murray, J.O., lodi.an Creek 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 .0 0.0 0.0 

Persimmon Hills SOlO 

I 
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Appendix 02. Pumpages from the Aquia aquifer, 1982 to 2020, by major users and aggregated estimates for domestic and other minor users 
by county sanitary district/planning area-Continued 

Estimated average rates of future pumpqe 
Model 

Location 
Average rales of water witb1rawal in 1,000 gaUons per day 

in 1,000 gallons per day 
layer (I.) 

Major user 
mI 

map 
-(R}-

nwnber location 
(fig. 13) 1996- 2001- 2006- 2011- 2016-

column (C) 

1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 &BI 2000 2005 2010 2015 2020 
L R C 

Agg.re- I 148.0 148.0 148.0 182.0 184.0 206.0 212.0 218.0 230.0 234.0 249.0 249.0 252.0 264.0 286.0 360.0 397.0 419.0 442.0 
gated 

estimates 

of 2 214.0 214.0 214.0 263.0 265.0 297.0 306.0 314.0 330.0 338.0 359.0 359.0 363.0 380.0 412.0 519.0 573.0 605.0 637.0 

domestic 
and minor 3 638.0 638.0 638.0 785.0 79 1.0 887.0 913.0 938.0 990.0 1008.0 1072.0 1072.0 1085.0 1136.0 1232.0 1551.0 1710.0 1806.0 1902.0 

user> 

TOlal for Domestic Users 1000.0 1000.0 1000.0 1230.0 1240.0 1390.0 143 1.0 1470.0 1550.0 1580.0 1680.0 1680.0 1700.0 1780.0 1930.0 2430.0 2680.0 2830.0 2981.0 

sr. MARY' S COUNTY 

27 WL'iltwOrth 0.0 2.9 11.8 15.0 14.6 10.3 13.5 14.0 14.2 14.4 11.4 14.8 12.5 12.5 13.1 13.7 14.2 14.7 15.0 331 5 
Nursery. Inc. 

28 St. Mary's COlttlty 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 15.7 22.5 29.2 40.7 41.1 53.0 53.0 150.0 150.0 150.0 150.0 331 6 
Metropolitan 
Commiss ion. 
Laurel Ridge 
Subdivision 

29 Sl. Mary's COWlty 24.7 28.6 29.7 35.9 35.1 36.2 40.4 35.5 46 .6 45.5 43 .0 49.3 51.1 51.1 59.0 59.0 70.0 75.0 SO.O 331 7 i 

Metropolitan I 

Corruniss ion. I 

Rolling Acres, 
lI'dian River, and 
Summit 

30 St. Mary's County 8.2 7.7 7.4 7.7 7.7 7.7 8.0 7.8 6.9 7.5 19.7 35.8 36.4 36.4 38.2 40.0 41.5 43.0 43.9 332 4 
Metropolitan 
Corrunissioll. 
Charlotte HaU 

31 M'l1'lard 0.0 0.0 13.8 24.7 25.0 39.2 40.0 31.7 31.3 33.2 28.5 40.0 45. 1 45. 1 47.4 49.7 50.0 50.0 60.0 333 4 
Environmental 
Service, 

Charlotte Hall 
Veterans' Home 

32 Murray, 1.0 .• 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 7.0 7.0 7.0 7.0 335 7 

Persinunon Hills 
._- - --
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Appendix 01. Pumpages from the Aquia aquifer, 1900 to 1981, by major users and aggregated estimates for domestic and other minor users by 
county sanitary district/planning area-Continued 

Location 
COlmty 

Average rates of water wilb:lrawal in 1,000 gaUOIl5 per day 
sanitary 

map Major user 
districtl 

number location 
planning 

(fig. 13) 1900- 192(). 1930- 1940- 1950- 196(). 
area 1910 1911 1912 1913 1914 191.5 1916 1977 1918 1919 1980 1981 

1919 1929 1939 1949 19.59 1969 

33 Patuxent lr:dian Creek: 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Development SOlO 
Company. Inc .• 
Mechanicsville 
Shopping Center 

34 51. Mary's CO\.ttlty Lucldan:1 RWI 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.0 4.0 17.0 22.0 28.0 30.7 

Metropolitan SOl 
Corruniss ion. 
Country Lakes 
and Beverly 
Estales 
Subdivisions 

35 S1. Mary's County Luckland Run 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 11 .0 17.0 19.0 23.0 24.0 22.0 

Metropolitan SOl 
Cornm.ission. 
Birch Manor 
Subdivision 

36 S1. Mary's COWlty Lucklam Run 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Recreation am SOl 
Parks Dept .. 
Wicomico Shores 
GolfC"""e 

31 St. Mary's County Manor Run 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.0 .5.0 1.0 8.0 10.0 11.0 1.5.0 18.0 19.0 21.4 21.0 

Metropolitan SD9 
Corrunission, 
Loveville Acres, 
King am Kennedy 
Estates 

38 SL. Mary's Cotmty Pine Hill Run 0.0 0.0 0.0 0.0 3.0 4.0 1.0 8.0 8 .0 8.0 8.0 8.0 8.0 ' 2.0 .5 .0 9.0 20.0 16.9 

Metropolitan SOB 
Commission, 
Fenwick Manor 
Subdivision 

39 International PineHill Run 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 2.7 

Association of SOB 
Machinists, 
Placid. Harbor 
Education Center 
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Appendix 02. Pumpages from the Aquia aquifer, 1982 to 2020, by major users and aggregated estimates for domestic and other minor users 
by county sanitary district/planning area-Continued 

Estimat.ed average rates of future p.m1pIge Model 

Location 
Average rates o f water willdrawa l in 1,000 gallons per day 

in 1.000 gallom per day 
layer (L) 

am 
map Major user 

number location 
row (R)-

(fig. 13) 1\l96. 2001· 2()()6. 2011· 2016-
cohmm (C) 

1982 1983 1984 1985 1986 1987 1988 1989 1990 199 1 1992 1993 1994 1995 &rid 2000 2005 2010 2015 = L R C 

33 Patuxent 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 336 5 

Development 
Company. ble .. 
Mechanicsville 
Shopping Center 

34 St. Mary's County 41.2 69.6 88.2 83.8 121.5 60.0 141.6 208.3 161.5 193.3 190.3 218.3 205.5 221.0 222.0 228.0 300.0 350.0 400.0 337 3 
Metropolitan 
Conunission. 
Country Lakes 
an:! Beverly 
Estates 
Subdivisions 

35 St. Mary's COlUlty 23.5 25.5 25 .3 26.3 26.0 26.5 27.8 25.9 27.6 31.1 34.1 30.6 25.7 31.0 27.0 27.0 27.0 27.0 27.0 337 8 
Metropolitan 
CommissiOn. 
Birch Manor 
Subdivision i 

36 St. Mary's County 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 37.8 37.8< 41.0 48.0 90.0 130.0 170.0 210.0 339 2 
Recreation m:1 
Parks Dept.. 
Wicomico Shores 
Golf Course 

37 St. Mary's County 23.0 29.0 20.5 22.0 19.4 19.0 17.4 16.3 18. 1 15.4 19.8 19.5 20.6 20.0 17.0 17.0 17.0 17.0 17.0 33910 
Metropoli tan 
Comrnissioll. 
Loveville Acres. 
King ard Kennedy 
Estates 

38 Sf. Mary's County 17.4 19.5 19.5 24.6 20.3 19.0 20.5 20.4 20.8 21.5 20.7 21.0 21.2 22.0 30.0 30.0 30.0 30.0 30.0 34220 

Metropol itan 
Commission. 
Ft..'I1.wick Manor 
Sutxl ivision 

39 LnlenUltional 5.0 6.0 6.3 6.5 6.7 6.7 6.9 7. 1 6.9 7.2 4.9 5.0 5.3 5.3 5.6 5.8 6.0 6.2 6.3 34325 
Association of 
Machinists. 
Placid Harbor 
Education Center 

-
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Appendix 01. Pumpages from the Aquia aquifer, 1900 to 1981, by major users and aggregated estimates for domestic and other minor users by 
county sanitary district/planning area-Continued 

Location 
COWlly 

Average rates of water witb1rawal in 1.000 gallons per day 
sanitary 

map Major user 
district! 

number location 
plaIlIlin& 

(fig. 13) 1900- 192()' 193()' 1940- 195()' 196(). 
area 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

1919 1929 1939 1949 1959 1969 

40 51. Mary's County Pine Hill RWl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Metropolitan SD8 
Commission. 
Hollywood 

41 51. Mary's County Pine Hill RWl 0.0 0.0 0.0 0.0 0.0 0.0 5.0 5.0 5.0 5.0 .1.0 5.0 5.0 5.0 .1.0 .1 .0 4.1 7.4 

Metropolitan SD8 
Cormnission. 
St. Mary's 
Industrial Park 

42.43 Leonardtown. Leonardtown 0.0 0.0 0.0 27.0 35.0 107.0 164.0 192.0 192.0 205.0 205.0 205.0 205.0 220.0 286.0 334.0 310.0 272.0 
Corrunissioners of SD3 

44 Tckstar Irx1ustries Leonardtown 0.0 0.0 0.0 0.0 5.0 8.0 5.0 5.0 5.0 5.0 5.0 5 .0 5.0 5.0 5.0 .1 .0 5.0 .l.De 

SD3 

45 Mt. Pleasant Dukehart's 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.0 2.0 3.0 4.0 5.0 6.0 8.0 10.0 9.0 
Water Company Creek SD2 

46 St. Mary's County Dukehart's 0.0 0.0 0.0 0.0 0.0 0.0 22.0 22.0 24.0 28.0 26.0 25.0 27.0 28.0 28.0 24.0 31.6 27.4 
Metropolitan Creek SD2 
Commission, 
St. Clements 

Shores 

47 Watson. Alva. Dukehart's 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Fish Fann Creek S02 

48 St. Mary's COWIty Leonardtown 0.0 0.0 0.0 0.0 0.0 4.0 5.0 5.0 5.0 6.0 6.0 7.0 8.0 8.0 8.0 10.0 \3.0 10.9 
Public Schools, SD3 
Vocational 
Technical Center 

49 51. Mary's County Dukehar1.'S 0.0 0.0 0.0 0.0 0.0 52.0 52.0 52.0 52.0 71.0 66.0 60.0 49.0 41.0 37.0 38.0 65.0 47.9 
Metropolitan Creek SD2 
Conunission. 
Cherry Cove. 
Breton Bay 
Estates: 
Society Hill 

50 MaryJan::j Rock Flood Creek 0.0 0.0 0.0 0.0 0.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 29.0 38.0 38.0 31.0 2.8 
Industries, So. 
Brcton Bay Plant 

I 
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Appendix 02. Pumpages from the Aquia aquifer, 1982 to 2020, by major users and aggregated estimates for domestic and other minor users 
by county sanitary district/planning area-Continued 

Estimated Ilverage rates of future pumpage Model 

Loatioo 
Average rates of water wilh:lrawal in 1,000 gallons per day 

in 1,000 gaUoos per day layer (L) 

map Major user 
am 

number iocatioo 
row (R) -

(r".13) 1996· 2001· 2006· 2011 · 2016· 
COlwrul (C) 

1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 grid 
2000 2005 2010 2015 2020 

L R C 

40 St . Mary's County 0.0 0.0 0.0 0.0 0.0 0.0 0 .0 0 .0 0.0 0.0 0.0 0.0 0 .0 0.0 0.0 0.0 0.0 0.0 0.0 34521 

Metropolitan 

Commissioo. 
Hollywood 

41 St. Mary". Cowty 8.2 10.7 2 1.9 30.3 20 .6 11.8 13.8 17. 1 17.9 22 .1 3 1.0 29 .1 24. 1 29 . 1 37.0 55.0 60.0 60.0 65.0 34720 

Metropolitan 

COOlDlissioo. 
St. Mary'. 
_lrialPark 

42, 43 Lcawd.OWll, 332.0 330.0 308.0 346.0 364.0 382.0 340.0 356.0 364.0 360.0 369.0 427.0 427.0 427 .0 445.4 469.8 486.8 S03.8 514.4 3 48 13 

Ccmmi.ssiooen of 3 5 1 14 

44 Tekstar lD:1ustries 5.Oe 5.Oe 5.Oe 5.Oe 5.Oe 5.Oe 5.Oe 5.Oe 5.Oe 5.Oe 5.Oe 5.Oe 5.0 5.0 5.3 5.5 5.7 5.9 6.1 349 II 

45 MI.Pieasanl 9.3 II.! 9.7 11.2 16.7 11.3 18.0 12.5 12.3 12.2 14.3 14.6 12.1 12.2 12.8 13.4 14.0 14.6 15.2 349 6 

Water Company 

46 St. Mary's CountY 30.2 34. 1 32.7 22.0 35.4 37.2 43.8 39.3 43.5 45 .5 44.1 48.5 45.9 SO.O 69.0 72.0 72.0 72.0 72.0 352 8 

Metropolitan 

CoomlisIioo. 
SI. CIernenU 
SIlo .... 

47 Watson. Alva, 0.0 0.0 0.0 0.0 0.0 0 .0 0 .0 0 .0 0.0 0 .0 0.0 0.0 0.0 0.0 0 .0 0.0 0.0 0.0 0 .0 353 4 

FiahFarm 

48 SI. Mary". Catny 9.9 9.1 8.2 8 .5 9.8 !I .5 11.2 12.2 12.1 17.3 16.7 22.4 21.0 21.0 22.0 23.0 23 .8 24.6 25.1 353 15 

Public Schools, 

Vocatiooal 
Teclmical Center 

49 St. Mary's CountY 52.7 52.7. 58.9 40.6 56.0 49.0 72.9 62.7 78.4 85.9 66.2 102.4 96.9 105.0 106.0 111.0 !l6.0 121.0 126.0 356 11 

Metropolitan 

Canmissioo. 
Cherty Cove, 

Bretoo.Bay 

Esta ... : 
Socie<yHill 

SO MaryIam Rock 13.9 13.3 27. 1 I.! 10.Oe 22.5 10.6 6 .8 0.0 0.0 0.0 0.0 0.1 9 .0 18.0 20.0 22.0 24.0 26.0 35613 

miustries. 
I 

Bretoo. Bay Plan! i 
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Appendix 01 . Pumpages from the Aquia aquifer, 1900 to 1981, by major users and aggregated estimates for domestic and other minor users by 
county sanitary district/planning area- Continued 

Location 
County 

Average rates of water willx1rawal in 1,<XXl gaUons per day 
sanitAry 

map M.joruser 
district! 

DUIIlber locatioo 
planning 

(fi&. 13) 190(). 192(). 19JO. 194Q. 19.IQ. 196(). 
area 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

1919 1929 1939 1949 1959 1969 

51 St. Mary's COUlly Flood C"",k 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

MetropoUtm SD4 
CmmiMion. 
Wlldemes.o 
Subdivisioo 

52 St. Mary's COUlly Pine Hill Rw 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 13.0 11.0 15.0 28.0 29.8 

MetropoUtm SD8 
Commission. 
WUdewood 
Subdivision m1 
Tcclmology Park 

53 St. Mary" Counl)' Pine Hill Run 0 .0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 .0 0.0 0.0 0.0 0.0 0.0 0.0 1O.7e 

MetropoUtm SD8 
CODmlWion. 
Greeovit:W KnollJ 
SUbdivision 

54 St. Mary' s COUlly Pine Hill Run 0.0 0.0 0 .0 0.0 0.0 0.0 21.9 21.9 21.9 21.9 21.9 21.9 21.9 21.9 21.9 21.9 38.8 37.0 

MetropoUtm SD8 
Commission. 
Tubman Douglu 
BOA ... 

55, 56, St. Mary's COUlly Pine Hill Run 0.0 0.0 0 .0 233.0 262.0 392.0 685.0 684.0 684.0 721.0 959.0 610.0 680.0 864.0 730.0 726 .0 693.8 768.8 

57 MetropoUtm SD8 
Coomission. 
Lcxin&too Park 

58, 59, U.S. Navy, Pine Hill Run 0 .0 0.0 0.0 1520.0 1323.0 970.0 1204.0 1040.0 869.0 791.0 866.0 856.0 888.0 921.0 782.0 800.0 907.1 907. le 

60, 61 Patu>ccnt Naval SD8 
Air Test Center 

62 St. Mary's Cowy Pine Hill Run 0.0 0 .0 0.0 0.0 0.0 29.0 49.0 49 .0 49.0 52.0 52.0 67.0 74.0 60.0 40.0 39.0 47.4 50.1 

MetropoUtm SD8 
Commission. 
Cedar COY<, 
SbanoonFum 

63 WIlSOD, Alva 4 Pine Hill Run 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 .0 0.0 0.0 

lbCInas, SD8 
IIuntin& Quarter 
Subdivisioo 
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Appendix 02. Pumpages from the Aquia aquifer, 1982 to 2020, by major users and aggregated estimates for domestic and other minor users 
by county sanitary district/planning area-Continued 

Estimated average rates of future pumpage 
Model 

Location 
Average rates of water wilhirawal in 1,000 gallons per day 

in 1,000 gallons per day layer (L) 

Major user 
an:1 

map 
row (R)-

number location 
(fi,. 13) 1996- 2001 - 2006- 2011- 2016-

column (C) 

1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 grid 
2000 2005 2010 20 15 2020 

L R C 

51 St. Mary', County 0.0 0.0 0 .0 0.0 0.0 0.0 0.0 0.9 4.4 6.8 5.8 6.9 8.5 8.5 8.9 9.3 9.6 9.9 10.1 358 16 
MClropoliLm 
COIl1Dli!sion. 
Wilderness 
Subdivisioo 

52 S1. Mary', County 37.8 54.8 52.7 65.7 45.8 86. 1 100.5 106.3 148.3 172.7 84.9 123.3 172.9 172.9 181.5 190. 1 197.0 203.9 208.2 34924 
Metropolitan 

Cor:nr:nWioo.. 
Wildewood 

SUbdivision m:1 
Technology Park 

53 St. Mary's County 10.7. to.7e IO.7e IO. 7e IO.7e IO.7e IO.7e IO.7e I O.7c IO.7e IO.7e 40.6 39.8 80.0 96.0 105.0 110.0 120.0 125.0 35227 
Metropolitan 
Con:mis!ion, 
Greenview Knolls 
SUbdivision 

54 St. Mary's County 31.7 25.7 23.8 30. 1 29.4 29.6 38 .8 34.0 25.2 26.3 36.1 20.1 41.8 41.8 43.8 46.0 47.5 49.2 50.2 35327 
Metropolitan 

Commission. 
Tubman lloogIAs 
& tates 

55, 56, SI. Mary" County 801.7 842. 1 781.9 771.0 952.9 921.3 1079.9 1028.3 885.7 11 60.5 1130.7 1154.5 1204. 1 1262.0 1332.0 1364.0 1464.0 1562.0 1660.0 35427 
57 Metropolitan 354 30 

Commissioo. 35632 
Lcxingtoo Pork 

58,59, U.S. NaY)': 909.8 1662.8 958.8 11 46.4 1002.4 1073.5 1073.5 982.1 84 1.8 983.5 694. 1 730.00 615.9 615.9 646.8 677.7 703.5 729.3 744.8 35432 
60, 61 Patuxent Naval 35334 

Air Test Center 35 1 39 
35438 

62 St. Mary', County 66.5 83.1 85.7 11 2.4 110.6 102.] 88.9 80.0 55.7 51.6 108.6 107.9 11 7.8 126.0 135.0 156.0 160.0 165.0 170.0 3 5436 
Metropolitan 

Commis.sioo. 
Cedar Cove, 

Sbaooon Fann 

63 WltJOIl,. Alva ~ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 .0 0.0 6.5 7.5 11.3 10.8 10.0 19 .0 41.0 41.0 43.0 46.0 35825 
. Thomas, 

HIIIlIin& Quarter 
Sutxtivisioo 
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Appendix D1. Pumpages from the Aquia aquifer, 1900 to 1981 , by major users and aggregated estimates for domestic and other minor users by 
county sanitary district/planning area- Continued 

Location 
COW1ty 

Average rates of water withdrawal in I ,COO gallons per day 
sanitary 

map Major user 
district/ 

number location 
planning 

(fig. 13) I !XX). 1920- 1930- 1940- 1950- 1960-area 
1919 1929 

1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 
1939 1949 1959 1969 

64 SI. Mary's County Pine Hill Run 0.0 0.0 0 .0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 .0 0.0 0.0 0.0 0 .0 0.0 

Metropolitan SlJ8 

Commission, 
Southgate Center 

Townhouses 
Sutxlivision 

65 51. Mary's Pine Hill Run 0.0 0.0 11 .0 14.0 16.0 31.0 46.0 47.0 47.0 48.0 49.0 49.0 51.0 52.0 52.0 55.0 60.7 43.6 

College. Marylan:1 SlJ8 

EnvirorunenLAI 
Service 

66 u.s. Navy: Naval Pine Hill Run 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Electronic SlJ8 

Surveillance 

Engineering 

Activity, Webster 
Air Fiekl 

67 Maryland Piney Point 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 .0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 73.Oe 72.9 
Tidewater sm 
Administration. 
Piney Point 
Aquaculture 
Center 

68 Hunoo. Daniel J., Piney Point 0,0 0.0 0.0 0 .0 0.0 0.0 0.0 0.0 0.0 0 .0 0.0 0.0 0.0 0.0 0.0 0 .0 0.0 0 .0 

Landings at Piney sm 
Point Subdivision 

69 Steuart Petroleum Piney Point 0.0 0.0 0 .0 0.0 2 1.0 21.0 23.0 2 1.0 21.0 25.0 29 .0 26 .0 19.0 20.0 20.0 2 1.0 21.4 15.7 

Company sm 

70 St. Mary' , County Piney Point 0.0 0.0 0.0 0 .0 8 .0 70.0 76.0 96 .0 96.0 96 .0 96.0 96.0 96.0 96.0 96.0 96 .0 85.0 70.Oe 

Metropolitan sm 
Commission. 
Piney Point 
SUbdivision alX1 

Luo:1eberg School 

Total for Major Usen 0.0 0.0 11.0 1794.0 1673.0 1700.0 2378.5 2264.5 2097.5 2\05.5 2421.5 2071.5 2183.5 2440.5 2239.5 2325.5 2626 .9 2508.5 
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Appendix 02. Pumpages from the Aquia aquifer, 1982 to 2020, by major users and aggregated estimates for domestic and other minor users 
by county sanitary district/planning area-Continued 

Estimated average ralca or future ~ Model 

Location 
Average rates of WAter withdrawal in 1,000 gallons per day 

in 1.000 pllom per day 
!oyer (L) 

and 
map Major user 

row (R)-number location 
(fig. 13) 1996- 2001- :zoo&- 2011- 2016-

-(C) 
1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 &rid 2000 2005 2010 2015 2020 

L R C 

64 SI. Msl)"s COlmlY 0.0 0.0 0.0 0.0 0.0 0.0 0 .0 0.0 0.0 0.0 1.3 3.2 2.2 2.2 2.3 2.4 2.5 2.6 2.7 35834 
Metropolitan 
Commission. 
SOULhgate Center 

Townhouses 
Sutxlivision 

65 St. Mary's 42.8 35.2 45.8 53.3 59.3 52.5 55 .1 64.7 66. 1 59.2 67.2 76.2 79.9 79.9 83.9 87.9 91.1 94.3 96.3 36234 
College, Mary\aro 
Envirorunental 
Service 

66 U.S. Navy: Naval 2.6 1.2 2.9 36.3 46. 1 47.2 60.3 13.8 62.2 78.4 78.5 55.3 48.0 48.0 50.4 52.8 54.7 56.6 57.8 36434 
Electronic 
Surveill ance 
Engineering 
Activity. Webster 
Air Field 

67 MaryJaaJ 207.9 0.50 0.5e O.5e 0.50 0.4 0.5 0.9 1.8 0.5 0.6 0.4 0.2 0.4 0.4 0.4 0.5 0.5 0.6 36325 
TidC'lN'8ter 

Administration. 
Piney Point 
Aquaculture 
Center 

68 HursOll, Daniel J" 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.3 1.3 5.0 5.0 5.0 5.0 5.0 3 65 24 
Landings at Piney 
Point Sulxlivision 

69 Steuart Pelroiew:n 20.0 19.8 19.9 19.0 19.5 19.7 19.5 10.1 16.7 15 .6 13.3 11.0 10.8 10.8 11.3 11.8 12_2 12.6 12.9 36525 
Company 

70 St. Mary's COI.mty 50.De 50.De 5O.De 5O.De 5O.De 42.& 54.3 69.5 52.9 57.0 47.9 62.9 64.6 64.6 67.8 71.0 13.6 75.2 76.8 36526 
Metropoli UUl 
CorrtIIlission. 
Piney Point 
Subdivision aOO 

Luroeberg School 

Total for Major Users 2785.7 3440.7 2726.7 3006.6 3121.0 3140.7 3413.4 3339 .9 3054.3 3568.9 3235.1 3525.8 3553.0 3721.0 3959.9 4307.3 4615.2 4894.9 5162.4 
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Appendix 01. Pumpages from the Aquia aquifer, 1900 to 1981, by major users and aggregated estimates for domestic and other minor users by 
county sanitary district/planning area-Continued 

Location 
COImty 

Average rates of water wilb1rawal in 1,000 gallom per day 
sanitary 

map Major user 
districll 

number locat ion 
plaIlIlirJ8 

(fig . 13) 1900- 192o. 193o. 1940- 195(). 196(). 
. rea 1910 1911 1912 1913 1914 1915 1916 1911 1918 1979 1980 1981 

1919 1929 1939 1949 1959 1969 

Aggregated Luckland Run 68.0 102.0 113.0 129.0 129.0 129.0 129.0 129.0 148.0 148.0 148.0 148.0 148.0 167.0 167.0 

estimate of SOl 
domestic an:1 
minor users Dukchart's 17.0 31.0 34.0 38.0 38 .0 38.0 38.0 38.0 43.0 43.0 43.0 43.0 43.0 48.0 48.0 

Creek S02 

l....eona.rdtown 21.0 38.0 41.0 46.0 46 .0 46.0 46.0 46.0 52.0 52.0 52.0 52.0 52.0 58.0 58.0 
SD3 

Flood Creek 18.0 32.0 35.0 39 .0 39.0 39.0 39.0 39.0 44.0 44.0 44.0 44.0 44.0 411.0 411.0 

SD4 

Piney Point 18 .0 21.0 30.0 34.0 34.0 34.0 34.0 34.0 39.0 39.0 39.0 39.0 39.0 44.0 44.0 

SOS 

Lake Coooy 0 .0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 .0 0.0 0.0 0.0 0.0 

SD6 

Carroll P<D1 16.0 23.0 26.0 3(1 .0 3(1.0 3(1.0 3(1.0 3(1.0 34.0 3<1.0 34.0 3<1.0 3<1.0 39.0 39.0 

S01 

Pine Hill Run 23.0 31.0 41.0 46.0 46.0 46.0 46.0 46.0 53.0 53.0 53.0 53.0 53.0 60.0 60.0 

SOS 

Manor Run 24.0 31.0 41.0 41.0 41.0 41.0 41.0 47.0 53.0 53.0 53.0 53.0 53.0 60.0 60.0 

SD9 

hx1ian Creek 45.0 12.0 19 .0 90.0 90.0 90.0 90.0 90.0 103.0 103.0 103.0 103.0 103.0 115.0 115.0 

SOlO 

Total for Domestic Users 250.0 399.0 440.0 499.0 499.0 499.0 499.0 499.0 569.0 569.0 569.0 569.0 569.0 640.0 640.0 

ANNE ARUNDEL COUNTY 

11 Alliant Technical 8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 .0 0.0 0.0 

System. Inc .. 
Groun:lwaler 
Remediation 

12 Soutb:l.own Shore 6 0.0 0.0 0.0 0.0 2.0 11.0 16.0 16 .0 24.0 20.0 22.0 22.0 22.0 22.0 22.0 41.0 3(1.0 3<1.00 
WaterWorks 

13 Wills. B.B. , Jr., 6 0.0 0.0 0.0 0.0 0.0 0.0 1.00 1.00 1.00 7.Oe 1.00 7.00 7.00 7.00 7.00 7.00 7.0 7.0 
Bay Ridge hm 

-_ .. _-- - --- -- -
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Appendix D2. Pumpages from the Aquia aquifer, 1982 to 2020, by major users and aggregated estimates for domestic and other minor users 
by county sanitary district/planning area-Continued 

Estimated average rates of future p.mtpagc 
Model 

Location 
Average rates of water wilb:l.rawal in 1,000 gallons per day 

in 1,000 plloos per d.ly 
layer (l) 

am 
map Major user 

row (R)-
nwnbcr locat ion 
(fig. 13) 1996- 2001- 2006- 2011 - 2016-

column (C) 

1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 &M 2000 200.5 2010 201.5 2020 
L R C 

AWe- Lucklao:1 Run 187.0 187.0 187.0 238.0 241.0 244.0 249.0 2.52.0 26.5 .0 268.0 270.0 270.0 271.0 274.0 290.0 303.0 317.0 328.0 360.0 
gated SD1 

estima tes 

of Dukehllrt's Crt .. ek 48.0 48.0 48.0 61.0 61.0 62.0 63.0 64.0 68.0 68.0 69.0 69.0 69.0 70.0 74.0 77.0 81.0 83.0 92.0 
domestic SD2 
arrl other 

minor Leof1D.rdtown 58.0 58.0 58.0 74.0 75.0 76.0 78.0 79.0 83 .0 84.0 84.0 84.0 84.0 85.0 90.0 9.5.0 99.0 102.0 11 2.0 
users SD3 

FloexS Creek 49.0 49.0 49.0 63.0 64.0 64.0 66.0 66.0 70.0 71.0 71.0 71.0 71.0 72.0 76.0 80.0 84.0 86.0 9.5.0 
SD4 

Piney Point 49.0 49.0 49.0 63.0 64.0 64.0 66 .0 66.0 70.0 71.0 71.0 71.0 71.0 72.0 76.0 80.0 84.0 86.0 9.5.0 
SOS 

Lalt.:e Conoy 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
SD6 

Carroll Pond 44.0 44.0 44.0 56.0 56.0 57.0 58.0 59.0 62.0 63.0 63.0 63.0 63.0 64.0 68.0 71.0 74.0 17.0 84.0 
SD7 

Pine Hill Run 65.0 65.0 65.0 82.0 83.0 84.0 86.0 88.0 92.0 93.0 93.0 93.0 94.0 94.0 100.0 10.5.0 109.0 113.0 124.0 
SD8 

Manor RWI 65.0 65.0 65.0 83.0 84.0 85.0 87.0 87.0 92.0 93.0 94.0 94.0 94.0 95.0 101.0 10.5.0 110.0 11 4.0 12.5.0 
SD9 

lrdian Creek: 12.l.0 12.l.0 12.5.0 160.0 162.0 164.0 167.0 169.0 178.0 180.0 181.0 181.0 182.0 184.0 19.5.0 204.0 213.0 220.0 242.0 
SDIO 

Total for Domestic Users 690.0 690.0 690.0 880.0 890.0 900.0 920.0 930.0 980.0 991.0 996 .0 996.0 999.0 1010.0 1070.0 1120.0 1171.0 1209.0 1329.0 

ANNE ARUNDEL COUNTY 

71 Alliant TcclUlical 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.2 7.2e 21.7 21.7 21.7 21.7 21.7 21.7 21.7 3 219 
System. inc .. 
Grow-awlller 

Remediation 

72 SOUUx!OWIl Shore 38 .Oe 36.Oe 31.Oe 17.Oe 3 319 
WaterWorks 

73 Wills, B.B .. Jr . 3.2 12.4 1.4 18.1 9.0 19.8 20.0 20.2 20.4 20.6 20.8 21.0 9.9 9.9 9.9 9.9 9.9 9.9 9.9 3329 
Bay Ridge inn 
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Appendix 01. Pumpages from the Aquia aquifer, 1900 to 1981, by major users and aggregated estimates for domestic and other minor users by 
county sanitary district/planning area-Continued 

Location 
COlmlY 

Average rates of water wilb:lrawal in I ,(xx) gallons per day 
sanitary 

map Major user 
district! 

nwnber location 
planning 

(fig. 13) 1900- 192(}. 193(). 1940- 195()' 196()' 
ar"" 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

1919 1929 1939 1949 1959 1969 

74 Heilman &: 8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 .0 0 .0 0.0 0 .0 0 .0 0.0 0 .0 0.0 0 .0 0 .0 33.6 

Richard Nelson. 

Patuxent Mobile 
Estates 

75 Schoemaker, 8 0.0 0.0 0 .0 0.0 0 .0 0.0 0 .0 0 .0 0 .0 0.0 0.0 0.0 0.0 0.0 0 .0 0 .0 0.0 0.0 

C.A., Rio Vista 

Mobile Home 
Park 

76 Woodfield Fish 8 0.0 22.0 23.0 25.0 28 .0 39.0 4 1.0 55.0 55.0 48.0 48.0 55.0 43.0 32.0 35.0 40.0 44.0 12.6 

am Oyster 
Company 

77 Wayson's 8 0.0 0.0 0.0 0 .0 0.0 36.0 41.0 47.0 49.0 49.0 51.0 57.0 53.0 55.0 55.0 47.0 47.0 48 .1 

Properties. Inc. 

78 Dtmcan's Family 8 0.0 0.0 0.0 0.0 0 .0 0 .0 0 .0 0.0 0.0 0 .0 0 .0 0 .0 0 .0 0.0 0.0 0 .0 2.2 2.4 
Campgrourxl 

79 Boone 's Mobi le 8 0 .0 0.0 0.0 0.0 0.0 0.0 0 .0 0 .0 0.0 0.0 0 .0 0.0 0.0 19.0 21.0 24.0 24.2 23.6 
Estates, Inc. 

80 T ull. Roben A .• 8 0.0 0.0 0 .0 0 .0 0 .0 0.0 0.0 0 .0 0 .0 0.0 0.0 0 .0 0.0 0.0 0 .0 0 .0 0 .0 0.0 

Jr. 

81 Central Sod 8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 .0 0 .0 0.0 0 .0 0.0 0.0 0.0 0 .0 0 .0 

Farms. lnc. 

82 Arme Arun:iel 8 0.0 0.0 0.0 0.0 0.0 0 .0 0.0 0.0 0.0 0.0 0 .0 0 .0 0.0 57.0 26.0 19.0 13.3 13.2 

County 
Department of 
Uti lities. 
Broadwater W aste 

Water Treaunenl 
Plant 

83 Lyons Creek 8 0.0 0.0 0.0 0.0 0.0 0 .0 0 .0 0.0 0 .0 0.0 0 .0 40.0 40.0 40.0 40.0 40.0 7U 68.8 
Mobile Homes 

84 Benjamin. Wilson 8 0 .0 0 .0 0.0 0 .0 0 .0 0.0 0.0 0.0 0 .0 0.0 0.0 0.0 0.0 0.0 0 .0 0.0 0.0 0.0 
- - -- -----
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Appendix 02. Pumpages f rom the Aquia aquifer, 1982 to 2020, by major users and aggregated estimates for domestic and other minor users 
by county sanitary district/planning area-Continued 

Es timated average rates of future pwnpage 
Model 

Loc.otioo 
Average rates of wale r wilh1rawa l in 1,000 gallons per day 

in 1,000 gallons per day 
layer (L) 

am 
map Major user 

ww(R)--, location 
(fia · 13) 1996· 2001· 2006· 2011 · 2016· 

oolWlUl (C) 

1982 1983 1984 1985 1986 1987 1988 1989 1990 199 1 1992 1993 1994 1995 grid 
2000 2005 2010 2015 2020 

L R C 

74 HeiImon a: 16.Oe 16.Oe 16.8 22.7 TI.9 29.5 31.6 30.8 32.0 32.2 30.9 36.0 3 9 9 
Riclwd Nei>oo. 
PatuxmI Mobile 
"'ta ... 

75 Scbo<maker, 0.0 0.0 0.0 0 .0 0.0 12.6 11 .6 13.8 13.1 15.8 18.9 12.9 10.5 10.5 10.5 10.5 10.5 10.5 10.5 3 9 10 

C.A .. RioV"ta 
Mobile Heme 
Park 

76 Woodfield Fisb 25 .0 38. 1 32.9 31.5 33.4 35.3 35.5 36.2 20.2 29.5 14.2 6.0 5.2 5.2 5.2 5.2 5.2 5.2 5.2 3 821 
and Oyster 
Compony 

77 Wayson', 54.0 54.6 43.6 35.2 34.4 34.60 33.5 43.9 42.7 39.9 39.60 40.3 36.2 36.2 36.2 36.2 36.2 36.2 36.2 3 10 8 
Properties,lnc. 

78 Duocon', Family 2.5 2.8 2.7 2.8 3.3 3.5 3.5 3.0 2.7 2. 1 1.7 1.7 1.6 1.6 1.6 1.6 1.6 1.6 1.6 3 10 9 
CmlpsrouIJI 

79 Bococ'. Mobile 21.5 22.7 26.3 25.4 22.2 20.0 20.2 19.7 20.1 19.8 19.7 19.3 19.0 19.0 19.0 19.0 19.0 19.0 19.0 3 1010 

"'ta ... , Inc. 

80 TuU, Robert A .. 0.0 0.0 3.7 4.1 4.5 4.9 5.0 4.4 5.2 5.7 5.3 5.6 5.8 5.8 5.8 5.8 5.8 5.8 5.8 3 925 
Jr. 

81 CalInI Sod 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 19.3 7.3 7.3 7.3 7 .3 7.3 7.3 7.3 3 1020 
FUDlI, Inc. 

82 AmIe AnIodeI 26.0 5.0 28.0 7.5 6.0 4.3 2.9 7.7 4.0 7.4 6.3 8.3 9.3 9.3 9.3 9.3 9.3 9.3 9.3 3 10 22 
Coucly 
DeportmI:<ll or 
Utilities, 
Broodwater W .. te 

WaterTreat:menr. 
PWll 

83 Lyooa Cr<dc 71.4 33.4 53.3 55.5 43.5 43.3 40.30 43.7 46.6 45.9 25.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 31310 

Mobile HCXD<S 

84 s.,yunin, Wilson 0.0 0.0 0.0 0.0 0.0 1.4< 6 .60 4.6 6.4 6.4 4.Oe 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 315 18 
----- _. - ---
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Appendix 01. Pumpages from the Aquia aquifer, 1900 to 1981, by major users and aggregated estimates for domestic and other minor users by 
county sanitary district/planning area-Continued 

Location 
COla,,), 

Average rales of water wi~rawal in 1,000 gallons per day 
sanitary 

map Major user 
districll - locatioo 
pLmnin& (fi&. 13) 1900- 1920- 1930- 194(). 195(). 1960-.... 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 198 1 

1919 1929 1939 1949 1959 1969 

8.\ RC»eHaven 8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 .0 0.0 0.0 0.0 0.0 0.0 0.0 

Utilities. Inc .. 
Herringloo Harbor 

Total for Major Users 0.0 22.0 23.0 25.0 30.0 86.0 105.0 125.0 135.0 124.0 128.0 181.0 165.0 232.0 206.0 218.0 241.9 243.3 

"-loci 7 800.0 1000.0 1200.0 1600.0 1600.0 1600.0 1600.0 1600.0 1700.0 1700.0 1700.0 1700.0 1700.0 1800.0 1800.0 
estimates of 
domestic ml 
minor usen 

QUEEN ANNE'S COlMfY 

86 CcnI..reYille, Town 0.0 0.0 0.0 0.0 82.0 105.0 119.0 119.0 117.0 117.0 11 8.0 116.0 133.0 135.0 132.0 133.0 132.0 130.0. 
of 

87 Tidewater 0.0 0.0 0.0 0.0 0 .0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 .0 2.0 2.0 

Publishin& 
ear.,.ny ml 
Gooch, ct.aibomo 

88 Kml bland 0 .0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 .0 0.0 0.0 
V"",=. Pier I 
Marina 

89 Kmt bland Join! 0.0 0.0 0.0 0.0 0 .0 0 .0 0.0 0.0 0.0 0.0 0.0 0 .0 0.0 0.0 0.0 0.0 5.3 0.0 
Vcmur.. 

Harborview 
SUbdiviJioo, 
Bayview 
Sub:l.ivisioo. m:! 
Bayside Marina 

90 Queen AnIle', 0.0 0.0 0.0 0.0 0.0 0 .0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 37.6 
COUUIy SaniIAry 

District. ml 

SJevcm VliIa&e 

91 BitlDrf FonI, Inc .. 0.0 0.0 0.0 0.0 0 .0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.8 4.9 
Kml bland 
Sboppin& C<n!er 
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Appendix 02. Pumpages from the Aquia aquifer, 1982 to 2020, by major users and aggregated estimates for domestic and other minor users 
by county sanitary district/planning area-Continued 

Estimated average rates of future pumpage 
Model 

Location 
Average rates ofw Rter wilhdrawal in 1.000 ga llons per day 

in 1.000 gallons per day 
layer (L) 

arxI 
map Major user 

number location 
row (R)-

(fig. 13) 1996- 200 1- 2006- 20 11- 2016-
colwrm (C) 

1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 grid 
2000 2005 2010 2015 2020 

L R C 

85 Rose Haven 0.0 0.0 0.0 63 .7 59.7 59.3 53.2 43.9 54.0 58.3 53.7 59.3 61.5 61.5 61.5 61.5 61.5 61.5 61.5 3 1623 

Utilities, Inc., 

Herrington Harbor 

Total for Major Users 257.6 216.0 239.7 283 .5 239.9 268.5 263.9 276.9 267.4 283 .6 240.3 229.7 188.0 188.0 188.0 188.0 188.0 188.0 188.0 

Aggre- 7 1800.0 1800.0 1800.0 1800.0 2400.0 2800.0 2100.0 2100.0 2100.0 2600.0 2600.0 2600.0 2600.0 2600.0 2600.0 
I 

2600.0 2600.0 2600.0 2600.0 

gated 

estimates 

of 
domestic 
am minor ...... 

Total (or Domestic Users 1800.0 1800.0 1800.0 1800.0 2400.0 2800.0 2100.0 2100.0 2100.0 2600.0 2600.0 2600.0 2600.0 2600.0 2600.0 2600.0 2600.0 2600.0 2600.0 

QUEEN ANNE'S COUNTY 

86 Centreville. Town 130.Oc 13O.Oc 13O.Oc 13O.Oc 130.Oc 13O.Oc 130.Oe 130.Oe 130.Oe 130.Oe 13O.Oe 130.Oe 243.9 243.9 243.9 243.9 243.9 243 .9 243.9 3 245 

of 

87 Tidewater 1.7 4.5 35.1 61.5 74.6 83.0 128.4 11 3. 1 11 2.5 117.7 150.8 122.9 115.7 115.7 11 5.7 115.7 115.7 115.7 115.7 3 246 

PubIUhing 
Company and 

Gooch. Claiborne 

88 Kmt Island 0.0 0.0 0.0 0.0 0.0 0.0 0.0 I.2 I.7 1.7 0.0 0.4 0.5 0.5 0.5 0.5 0.5 0.5 0.5 3 24 1 

Venture. Pier I 
Marina 

89 Kent Islao:1 l oint 0.0 0 .0 1.8 0.5 9.5 20.5 39.0 36.6 35.5 32.2 35.4 34.4 39.4 39.6 39 .6 39.6 39.6 39.6 39.6 3 242 
V<Il1=, 

Harborvir:w 
Subdivision. 
Bayview 
Subdivisioo. am 
Bayside Marina 

90 Que<n Anne', 20.0 0.2 7.9 33.5 52.7 32.5 64.2 32.5 30.0 31.4 24.0 19.6 23.2 23.2 23.2 23.2 23.2 23.2 23.2 3 342 

County SaniIAJy 

District, and 
Stevens Village 

91 BitlOrf Ford. Inc .• 4.5 4.5<: 4.9 2.8 5.8 7.2 6.7e 5.40 5.0 6.0 5.2 3.3 3.9 3.9 3.9 3.9 3.9 3.9 3.9 3 343 

Kmt IsLml 

Sboppin& Cmter 
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Appendix 01. Pumpages from the Aquia aquifer, 1900 to 1981, by major users and aggregated estimates for domestic and other minor users by 
county sanitary district/planning area-Continued 

Location 
County 

Average rates of water wilMrawal in I,m gallons per day 
sanitary 

map Major user 
district! 

number location 
planning 

(fig. 13) 1900- 1920- 1930- 1940- 1950- 1960-area 1970 197 1 19n 1973 1974 1975 1976 1977 1978 1979 1980 1981 
1919 1929 1939 1949 1959 1969 

92 Oyster Cave. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.9 

Ltd., Mears Point 
Marina, am. 
Grasonville Wasle 
Water Treaunenl 

Plant 

93 QueeostC'NIIl. 0.0 0.0 0.0 19.0 19.0 23.0 25.0 25.0 22.0 27.0 16.0 38.0 59.0 27.0 43.0 35.0 92.0 97.2 

COIIJDlissiooers of. 
and QueemtCYWD 

Canoery 

94 Cooagra Poultry 0.0 0.0 0.0 0.0 0.0 0.0 0 .0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 16.3 27.5 
Company 

95 Friel, S.E.W .. 0.0 0.0 0.0 41.0 41.0 73.0 77.0 81.0 104.0 107.0 120.0 11 8.0 93.0 113.0 128.0 98.0 105 .1 98.9 
WyeMills 

CAIl!lery 

96 Queen Arme' , 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 18.1 19.1 

County Sanitary 

District, P'raIpect 
Plantation 

ToW for Major Users 0.0 0.0 0.0 60.0 142.0 201.0 22 1.0 225.0 243.0 251.0 254.0 2n.O 285.0 275.0 303.0 266.0 375.8 418 .1 

TALBOT COUNTY 

97 St. Michaels, City 20.0 24.0 36.0 77.0 117.0 193.0 219.0 219.0 219.0 219.0 219.0 219.0 219.0 219.0 219.0 219.0 233.1 219.6 

of 

98 Eutoo Utility 0.0 0.0 0.0 0.0 125.0 179.0 225.0 238.0 260.0 281.0 277.0 305.0 324.0 291.0 304.0 306 .0 288.0 300.0. 
COOlIlli!sioo. 

99 Oxford. 0.0 41.0 46.0 49.0 55.0 77.0 96.0 96.0 96.0 96.0 96.0 96.0 96.0 96.0 98.0 98.0 107.2 112.6 

C0mz:nis5iooers of 

Total for Major Users 20.0 65.0 82.0 126.0 297.0 449.0 540.0 553.0 575.0 596.0 592.0 620.0 639.0 606.0 621.0 623.0 628 .3 632.2 

PRINCE GEORGE'S COUNTY \ 
100 Prince George's 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 .0 0.0 0.0 0.0 0.0 9.6 9.1 

COIlIl!y Board of 

Educatioo. Baden 
Elementary School 
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Appendix 02. Pumpages from the Aquia aquifer, 1982 to 2020, by major users and aggregated estimates for domestic and other minor users 
by county sanitary district/planning area-Continued 

EslimaUld avtta&C raI.ca or l\JIure _ Model 

Location 
Average rates of water witb:1rawal in 1,000 gallons per day 

in 1.000 pllom per day 
layer (1.) 

Major user m:I 
map 

row (R)-
nwnbcr locat ion 
(fi g. 13) 1996- 2001- 2006- 2011- 2016-

oollllJJD (C) 
1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 &rid 2000 2005 2010 2015 2020 

L RC 

92 Oyster Cove, 0.5 0.7 7.6 28 .1 19.3 21.8 18.9 24.1 23.5 24.4 24.5 24.7 17.3 17.3 17.3 17.3 17.3 17.3 17.3 3243 
Ud .• Mears Point 
Marirut,ard 
Grasonville Waste 
Water Treatment 

Plant 

93 Queens town, 105.4 74.6 25.5 130.4 118.8 120. 1 117.5 111.3 101 .8 90.2 94.6 107.5 114.0 114.0 114.0 114.0 114.0 114.0 114.0 3244 
Conunissioners of. 
am Q uec:tlS tOWIl 

I Cannery 

94 COIl3gra Poultry 32.4 17.8 31.8 34.6 17.7 42.3 44 .9 47.2 51.2 55.2 66.9 59.0 34.4 34.4 34.4 34.4 34.4 34.4 34.4 3344 ! 

Company 

95 F riell. S.E.W .• 100.9 106.7 125.0 125 .0 124.9 124. 1 106 .5 125.0 120.2 122.9 121.9 116.5 144.5 144.5 144.5 144.5 144.5 144.5 144.5 3345 
Wye Mills 
Cannery 

96 Queen Am'le'S 7.9 4.9 9.2 35.6 83.2 47.0 56.8 53.1 51.5 61.6 61.2 81.4 68.9 68.9 68.9 68.9 68.9 68.9 68.9 3444 
County Sanitary 

District, Prospect 
Plantation 

Total ror Major Users 403.3 343.9 378 .8 582.0 636.5 628.0 71 2.9 679.5 662.9 673.3 714.5 699.7 805.9 805.9 805.9 805.9 805.9 805.9 805.9 

TALBOT COUNTY 

97 St. Michaels, City 228.8 211.0 216. 1 221.3 238.0 259.4 259.0 252.9 246.6 264.7 252.3 273.7 267.6 267.6 267.6 267.6 267.6 267.6 267.6 31244 
of 

98 Easton Utility 300.Oe 300 .Oe 300.Oe JOO.Oe JOO.Oe 300.Oe 300.Oe JOO.Oe 300.Oe JOO.Oe JOO.Oe JOO.Oe 245.0 245.0 245.0 245.0 245.0 245.0 245.0 31245 
Commission 

99 OxJam. 133.4 132.4 141.7 145.3 11 8.7 120.6 129.5 117.8 114.6 118.3 102.9 114.0 121.0 121.0 121.0 121.0 121.0 121.0 121.0 31944 
Commissioners of 

Total for Major Users 662.2 643.4 657.8 535.6 656.7 680.0 688.5 670.7 661.2 683.0 665.2 687.7 633.6 633.6 633.6 633.6 633.6 633.6 633.6 

PRINCE GEORGE'S COUNTY 

100 Prince George's 9.1 2.1 11.2 7.4 0.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 321 4 
Ccxmty Board or 
Education. Baden 
Elementary Sobool 
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Appendix 01. Pumpages from the Aquia aquifer, 1900 to 1981, by major users and aggregated estimates for domestic and other minor users by 
county sanitary district/planning area-Continued 

Location 
County 

Average rates of water witbirawal in 1.000 gallam per day 
Irulp Major user 

sanitary 
district! 

number location 
plarming 

(fig . 13) 19()()' 192()' 193(). 194(). 195(). 196(). 
area 1970 1971 1972 1973 1974 1975 1976 1m 1978 1979 1980 1981 

1919 1929 1939 1949 1959 1969 

Aggregated 180.0 200.0 300.0 400.0 400.0 400.0 400.0 400.0 600.0 600.0 600.0 600.0 600.0 800.0 800.0 
estimates of 
domestic m:l 
minor users 

CHARLES COUNTY 

101 La Plata. Town of 0.0 0.0 0.0 0.0 0.0 0.0 0.0 16.0 17.0 20.0 17.0 19.0 24.0 22.0 23.0 5.0 14.0 14.0. 

102 Charles County 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 .0 0.0 
Department of 
Public Works. 
Benedict 

103 Charles County 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 3.0 5.0 8.0 13.0 40.0 31.0 39.0 43.7 
Cornrnissioners. 
Clifton on the 
Potomac 

Total for Major Users 0.0 0.0 0.0 0.0 0.0 0.0 0.0 16.0 17.0 21.0 20.0 24.0 32.0 35.0 63.0 36.0 53.0 57.5 

Aggregated 400.0 600.0 700.0 1100.0 1100.0 1100.0 1100.0 1100.0 1400.0 1400.0 1400.0 1400.0 1400.0 1700.0 1700.0 
estimates of 
domestic ar.d 
minor users 

Total for Domestic Users 400.0 600.0 700.0 1100.0 1100.0 1100.0 1100.0 1100.0 1400.0 1400.0 1400.0 1400.0 1400.0 1700.0 1700.0 
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Appendix 02. Pumpages from the Aquia aquifer, 1982 to 2020, by major users and aggregated estimates for domestic and other minor users 
by county sanitary district/planning area-Continued 

Estimated average rates of future pumpage 
Model 

Location 
Average rau."S or water withdrawal in 1,000 ga llons per day 

in 1,000 gAllons per doy 
lAyer (L) 

Major user and map 
row (R)-

number location 
(fig. 13) I9%- 2001 · 2006- W II· WI6-

coh.mn (C) 
1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 vi<! 2000 2005 WIO WI5 = L R C 

Aggre- 800.0 800.0 800.0 800.0 630.0 400.0 490.0 500.0 540.0 300.0 300.0 300.0 300.0 300.0 300.0 300.0 300.0 300.0 300.0 
gated 

estimntes 
of 

domestic 
m:1 minor 

use" 

Total for [)om(.."Stic Users 800.0 800.0 800.0 800.0 630.0 400.0 490.0 500.0 540.0 300.0 300.0 300.0 300.0 300.0 300.0 300.0 300.0 300.0 300.0 

CHARLES COUNTY 

101 La Plata. T OWIl of 14.Oc 14.Oc 14.Oc 14.Oc 14.Oc 14.Oc 14.Oc 14.Oc 4.3 14 .Oc 3.Oe 2.7e 1.40 1.4 1.4 1.4 1.4 1.4 1.4 331 I 

102 Charles County 0.0 0.0 0.9 6.6 14.3 24.1 19.0 23.6 21.9 22.6 21.0 22.8 22.8 22.8 22.8 22.8 22.8 22.8 22.8 331 9 
Department of 
Public Works . 
Benedict 

103 Charles County 41.0 47.9 50.8 46.3 27.9 29.8 12.5 13.7 12.1 1.3 2.0 6.0 4.4 4.4 4.4 4.4 4.4 4.4 4.4 342 I 
Commissioners, 
Clinon on the 
Potomac 

Total for Major Users 55.0 61.9 65.7 66 .9 56.2 67.9 45.5 51.3 38.3 37.9 26.0 31.5 28.6 28.6 28.6 28.6 28.6 28.6 28.6 

Aure· 1700.0 1700.0 1700.0 1770.0 1980.0 11 50.0 1440.0 1580.0 1660.0 1740.0 1700.0 1700.0 1700.0 1700.0 1700.0 1700.0 1100.0 1100.0 1100.0 
gated 

estimates 
of 

domestic 
am minor 

user,; 

TOlal for Domestic Users 1700.0 1700.0 1700.0 1700.0 1980.0 1150.0 1440.0 1580.0 1660.0 1740.0 1700.0 1700.0 1700.0 1700.0 1700.0 1100.0 1100.0 1100.0 1100.0 



Appendix E. Ground-water appropriation permits (through 1995) of major users of the Piney Point-Nanjemoy aquifer in Calvert 
and St. Mary's Counties 

[Map numbers located in figure 12] 

County 
Amount appropriated 

Groundwater 
appropriation Owner 

Location sanitary Owner's MGS/USGS Well 

permit (GAP) location 
map distictl well well permit Permit Permit 

number planning designation number number average maximum 
number 

area (gallons (gallons 
per day) per day) 

CA53GAP002 Scientists Cliffs Association, Inc . 4 #1 CA Dc 16 CA-OO-!331 33,000 55,440 
#2 CA Dc 51 CA-01-2178 

CA56GAP002 Calvert County Commissioners , 9 CA Ed 17 CA-04-0670 10,000 15,000 
White Sands Subdivision CA Ed 32 CA-02-3170 

CA59GAPOOI Calvert County Commissioners, 2 #1 CA Cb 23 CA-03-4328 5,000 7,500 
Hunting Hills 

>-' 
0\ 
00 CA60GAP202 Chesapeake Ranch Water Company 10 #1 CA Fd 38 CA-04-4077 40,000 67,000 

Chesapeake Ranch Subdivision 

CA62GAPOOI Beaches Water Company, Inc. 8 Locust #1 CA Ed 19 CA-05-4331 68,800 114,900 
Long Beach and Calvert Beach 13alsam Beach CA Ed 33 CA-73-0938 

Bayview Beach CA Ed 43 CA-73-3266 
Long Beach # 1 CA Ed 49 CA-81-1940 
Long Beach #2 CA Ed 50 CA-81 -1941 

Locust #2 CA Ed 51 CA-88-OO14 

CA66GAPOOI Crooks, Edward 6 CA Ec 40 CA-66-OOO3 25,000 40,000 
Western Shores Estates 

CA68GAP009 Calvert County Commissioners, 5 #1 CA Ec 27 CA-69-OO15 42,500 71,000 
Kenwood Beach #2 CA Ec 42 CA-81-4117 

CA73GAPOl5 Calvert County Commissioners, 3 2 CA Dc 47 CA-73-O 11 7 5,000 10,000 
Prince Frederick Waste Water Treatment Plant 

CA74GAP002 Calvert County Commissioners, 2 2 CA Dc 36 CA-73-0777 25,000 37,500 
Dares Beach #2 CA Dc 49 CA-81-!327 

CA78GAPOIl Calvert County Commissioners, 7 CA Ed 37 CA-73-2925 30,000 60,000 
Calvert Beach Park West CA Ed 38 CA-73-2926 



Appendix E. Ground-water appropriation permits (through 1995) of major users of the Piney Point-Nanjemoy aquifer in Calvert 
and 5t. Mary's Counties-Continued 

County Amount appropriated 
Groundwater 

Location sanitary Owner's MGS/USGS Well 
appropriation Owner 
permit (GAP) location 

map distictl well well permit Permit Permit 

number 
number planning designation number number average maximum 

area (gallons (gallons 
per day) per day) 

SM50GAP002 Stuart Petroleum Company 25 Piney SM Fe 35 SM-73-0330 

(inactive 1981) Point 
S05' 

SM52GAP002 Hills Mobile Home Park 21 Pine Hill #1 SM Ef 3 SM-00-0710 150,000 200,000 
Run S08 #2 SM Ef65 SM-00-9775 

#3 SM Ef66 SM-03-4212 

SM52GAP004 St. Mary ' s County Metropolitan Commission, 14, 15 Pine Hill Town Cr. #6A SM Of49 SM-05-5243 200,000 275,000 
Lexington Park , Town Creek, California Run S08 Esperanza #5 SM Of50 SM-04-5141 

0\ Town Cr. #4 SM Of54 SM-03-5942 \0 
Esperanza # 1 SM Of67 SM-OI-0607 
Town Cr. #2 SM Of68 SM-01-3247 
Town Cr. #3 SM Of69 SM-02-2161 
Town Cr. #7 SM Of70 SM-01-8274 

SM56GAP006 Chance Water Company , Inc., 20 Pine Hill #2 SM Of82 SM-04-1411 
Waring Subdivision (inactive '91) Run S08 #1 SM Of83 SM-OI-0141 

SM56GAP008 Maryland Manor Trailer Park 13 Pine Hill SM De 28 SM-04-3972 
(inactive 7/9 1) Run S08 SM De 30 SM-02-4756 

SM De 39 SM-73-1473 
SM De 44 SM-01-2610 

SM67GAPOOI St. Mary 's County Metropolitan Commission, 16 Pine Hill #1 SM Of53 SM-03-4292 20,000 85,000 
Greenview Knolls Subdivision Run S08 #2 SM Of60 SM-67-0256 

SM67GAP002 Charles County Concrete Company 12 Pine Hill SM De 32 SM-67-0064 5,000 6,000 
Run S08 

SM67GAP007 Borg , Alan C. , 24 Piney #1 SM Fe 27 SM-67-0161 900 1,500 
Potomac Sands Point S05 

'SO sanitary district 



Appendix E. Ground-water appropriation permits (through 1995) of major users of the Piney Point-Nanjemoy aquifer in Calvert 
and St. Mary's Counties-Continued 

County Amount appropriated 
Groundwater 
approp riation Owner 

Location sanitary Owner' s MGSIUSGS Well 

permit (GAP) location 
map distictl well well permit Permit Permit 

number 
number planning designation number number average maximum 

area (gallons (gallons 
per day) per day) 

SM69GAP003 Friendly Mobile Manor, Inc. 23 Pine Hill #1 SM Eg 29 SM-70-0140 6,500 10,000 
Run S08 

---..J SM74GAPI18 U.S. Navy: Patuxent Naval Air Test Center 17. 18. 19 Pine Hill #IR SM Of 6 None 140,000 210,000 0 
Run S08 #IM SM Of 8 None 

#2B SM Of 9 None 
#IP SM Of 14 None 
#IS SM Of39 None 
#W SM Og 8 SM-01-3246 

SM Og II None 

SM76GAPOIO SI. Mary's County Metropolitan Commission, II Pine Hill SM Ce 36 7 ,500 10,000 
Hollywood Run S08 SM Ce 37 

SM87GAPOOI SI. Mary's County Metropolitan Commission 22 Pine Hill SM Ef 84 SM-81-3288 7, 100 11,800 
Fox Meadow Run S08 SM Ef 86 SM-88-0280 

Calvert County Totals 284,300 478,340 
St. Mary's County Totals 537,000 809,300 



Appendix F. Ground-water appropriation permits (through 1995) of major users of the Aquia aquifer in Calvert and St. Mary's 
Counties 

[Map numbers located in figure 13] 

County Amount appropriated 
Groundwater 

Locat ion sanitary Owner 's MGS/USGS Well 
appropriation Owner 
permit (GAP) location 

map districtl well well permit Permit Permit 

number 
number planning designation number number average maximum 

area (gallons (gallons 
per day) per day) 

CA52GAPOO I Calvert Memorial Hosp ita l 12 2 CA Db 21 CA-00-9750 300 500 

CA53GAPI02 Sc ientists Cliffs Association, Inc. 19 #3 CA Dc 29 CA-65-0 113 17,000 28,560 
#4 CA Dc 52 CA-81-2652 

CA59GAP002 Calvert County Commiss ioners , 10 2 #1 CA Dc 34 CA-03 -4123 75,000 100,000 
Chesapeake Heights on the Bay #2 CA Dc 37 CA-73-1780 

---.! 

CA59GAP003 Shri Limited Partnership , 3 #2 CA Bb 16 CA-04-70 10 20,000 30,000 
Regency Manor Mobile Home Park #3 CA Bb 21 CA-03-7400 

#1 CA Bb 43 CA-8 1-15 73 

CA59GAP IOI Calvert County Commiss ioners, 9 2 #2 CA Cb 39 CA-72-0024 15 ,000 22,500 
Hunting Hills 

CA60GAP002 Chesapeake Ranch Wate r Company, 24 #3 CA Fd 39 CA-04-4076 647,000 1,100,000 
Chesapeake Ranch Subdivis ion #2A CA Fd 70 CA-81-1754 

CA Fd 71 CA-88-3340 
CA Fe 18 CA-04-6865 

#3B CA Fe 30 CA-88-0667 

CA62GAP20 1 Beaches Water Company, Inc. , 20 Flag Harbor #IB CA Ed 35 CA-02-9966 49 ,200 82,200 
Long Beach and Calvert Beach Beaches #3 CA Ed 48 CA-88-2256 

CA66GAP005 Calvert County Commissioners, 2 3 #2 CA Bb 30 CA-73-0 196 15,000 25,000 
Lakewood Subdivision #1 CA Bb 41 CA-66-0044 

CA69GAPOIO Baltimore Gas & Electric Company , 22 CA Ed 23 CA-72-0041 450 ,000 865,000 
Calvert Cliffs Nuclear Power Plant #3 CA Ed 24 CA-70-0063 

T.W.#1 CA Ed 25 CA-69-0035 
CA Ed 46 CA-73-4436 

CA70GAP005 Calvert County Board of Education, 13 2 CA Db 45 CA-70-0097 15,000 30,000 
Calvert High School and Career Center 



Appendix F. 

Groundwater 
appropriat ion 
permit (GAP) 

number 

CA70GAP007 

CA72GAP003 

CA73GAP008 

CA73GAPOl3 ....... 
-.l 
tv 

CA73GAPOI4 

CA74GAP005 

CA74GAPI02 

CA77GAPOI6 

CA78GAP004 

CA78GAP008 

Ground-water appropriation permits (through 1995) of major users of the Aquia aquifer in Calvert and 51. Mary's 
Counties-Continued 

County Amount appropriated 

Location sanitary Owner ' s MGS/USGS Well 
Owner 

districU well well permit Permit Permit 
location 

map 
number planning designation number number average maximum 

area (gallons (gallons 
per day) per day) 

Calvert County Commissioners, 18 2 #2 CA Db 40 CA-72-0022 25,000 50,000 
Calvert County Industrial Park 

Chesapeake Beach , Town of 6 3 #1 CA Be 31 CA-72-0064 361,000 470,000 
#2 CA Be 43 CA-73-4240 

Calvert County Board of Education , 16 2 CA Db 26 CA-04-2924 5,000 10,000 
Calvert Middle School 

Calvert County Commissioners , 3 3 #1 CA Be 32 CA-73-0474 16,800 28,100 
Paris Oaks Subdivision #2 CA Be 50 CA-88-0715 

Columbia LNG Corporation, 23 #3 CA Fe 19 CA-73-0440 22,000 50,000 
LNG Terminal #2 CA Fe 20 CA-73-0439 

#1 CA Fe 21 CA-73-00S2 

Calvert County Commissioners, 15 2 #1 CA Db 41 CA-69-0164 245,000 370,000 
Prince Frederick, Town of #2 CA Db 44 CA-73-0631 

CA Db 46 CA-73-2879 
#4 CA Dc 50 CA-88-2253 
#3 CA Dc 53 CA-88-2573 

Calvert County Commissioners, II 2 #1 CA Dc 48 CA-88-0852 25,000 37,500 
Dares Beach 

Calvert County Commissioners, 14 2 CA Db 88 CA-S8-1903 33,000 45,000 
Jail & Alcohol Rehabilitation Center 

Calvert County Commissioners, 5 3 Highlands #3 CA Be 46 CA-S8-0592 128,600 214,700 
Summit, The Highlands and Chesapeake Highlands #4 CA Be 47 CA-88-0595 
Lighthouse Subdivisions Highlands #1 CA Bc 48 CA-81-4173 

Highlands #2 CA Bc 49 CA-SI-4174 
Summit #2 CA Bc 51 CA-81-1392 

Calvert County Commissioners, 17 2 CA Db 64 CA-73-2670 10,000 16,700 
Mason Road , Woodridge Subdivision 
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Appendix F. 

Groundwater 
appropriation 
permit (GAP) 

number 

CA84GAPOO3 

CA85GAPOI5 

CA86GAPOO7 

CA88GAPOO9 

CA93GAP048 

CA94GAPOO4 

SM32GAPOOI 

SM46GAPOOI 

Ground-water appropriation permits (through 1995) of major users of the Aquia aquifer in Calvert and St. Mary's 
Counties-Continued 

County Amount appropriated 

Location sanitary Owner 's MGS/USGS Well 
Owner 
location 

map district! well well permit Permit Permit 
number planning designation number number average maximum 

area (gallons (gallons 
per day) per day) 

Calvert County Commissioners, 25 #1 CA Fd 68 CA-81-1193 350,000 585,000 
Solomons #2 CA Fd 69 CA-81-1194 

Calvert County Board of Education, 7 3 CA Bb 42 CA-81-1891 9,500 12,500 
Sunderland Elementary School 

Calvert County Commissioners , 21 #5 CA Ec 41 CA-81-2328 200 400 
St. Leonard Volunteer Fire Department 

North Beach, Town of 4 3 CA Bc 44 CA-88-1829 200,000 300,000 
CA Bc 45 CA-88-1828 

U.S. Navy: Patuxent Naval Air Test Center, 26 #1 CA Fd I None 100,000 150,000 
Solomons Annex 

U.S. Navy: Naval Research Laboratory , 8 3 #8 CA Cc 39 CA-OI-2070 30,000 51,000 
Randle Cliff Beach #7 CA Cc 40 CA-OI-2070 

#6 CA Cc 41 CA-OI-2070 

U.S. Navy: Naval Electronic Surveillance 66 Carroll SM Ff21 None 60,000 90,000 
Engineering Activity, Webster Air Field Pond SM Ff 35 SM-73-1496 

SD7' SM Ff45 SM-81-2435 

St. Mary's County Metropolitan Commission, 55, 56 , 57 Pine Hill Bank Square SM Df22 SM-00-0442 1,450,000 2,000,000 
Lexington Park Run SD8 Colony Square SM Df42 SM-00-6688 

Pegg Road SM Df62 SM-73-0635 
Essex Drive SM Df76 SM-05-7673 

Willows Road SM Df78 SM-OI-4838 
Bank Square SM Df86 SM-68-0185 

Town Creek #6B SM Df89 SM 88-1226 
Esperanza Farms SM Df91 SM-81-3132 

Sans Souci SM Df92 SM-81-1475 

'SD = Sanitary District 
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Appendix F. 

Groundwater 
appropriation 
permit (GAP) 

number 

SM5OGAP002 

SM55GAPOO2 

SM65GAP002 

SM66GAPOO6 

SM67GAPOO3 

SM67GAPOO9 

SM67GAPIOI 

SM69GAPOOI 

Ground-water appropriation permits (through 1995) of major users of the Aquia aquifer in Calvert and St. Mary's 
Cou nties-Conti nued 

County 
Amount appropriated 

Owner 
Location sanitary Owner ' s MGS/USGS Well 

location 
map district! well well permit Permit Permit 

number planning designation number number average maximum 

area (gallons (gallons 
per day) per day) 

Steuart Petroleum Company 69 Piney SM Fe 23 SM-00-5474 25,000 30,000 
Point SM Fe 24 SM-00-5443 
SD5 SM Fe 352 SM-73-0330 

SM Fe 36 SM-73-0896 

Tekstar Industries 44 Leonard- SM Od 64 SM-01-8951 7,500 8,000 
town 
S03 

St. Mary's County Metropolitan Commission, 46 Oukehart's #SI SM Oc 26 SM-00-1600 40,000 50,000 
St. Clements Shores Creek #S2 SM Oc 42 SM-65-0163 

S02 #S3 SM Oc 58 SM-69-0338 

St. Mary's County Metropolitan Commission, 30 Indian SM Bb 18 SM-69-0120 57 ,200 95 ,500 
Charlotte Hall Creek SM Bb 19 SM-66-0195 

SOlO 

Leonardtown, Commissioners of 42,43 Leonard- #1 SM Od 30 SM-05-7480 525 ,000 725 ,000 
town #2 SM Od 39 SM-67-0053 
SD3 #3 SM Od 65 SM-81-1397 

#4 SM Od 66 SM-81-3372 

St. Mary's County Public Schools, 48 Leonard- #2 SM Od 41 SM-67-0257 57 ,800 65,000 
Vocational Technical Center town SM Od 45 SM-73-1756 

S03 

St. Mary's County Metropolitan Commission, 53 Pine Hill #3 SM Of 90 SM-81-2571 80,000 130,000 
Greenview Knolls Subdivision Run S08 

St. Mary's College 65 Pine Hill #1 SM Ef 69 SM-69-0027 76,000 113 ,000 
Maryland Environmental Service Run S08 #4 SM Ef81 SM-81-3371 

#2 SM Ef 83 SM-81-0645 

2Screened in the Piney Point-Nanjemoy aquifer. 



Appendix F. 

Groundwater 
appropriation 
permit (GAP) 

number 

SM69GAPOl7 

--.] SM70GAPOIO 
Ul 

SM71GAP004 

SM72GAP004 

SM73GAP003 

SM74GAP002 

Ground-water appropriation permits (through 1995) of major users of the Aquia aquifer in Calvert and St. Mary's 
Cou nties-Conti nued 

County Amount appropriated 

Location sanitary Owner's MGS/USGS Well 
Owner 
location 

map district! well well permit Permit Permit 
number planning designation number number average maximum 

area (gallons (gallons 
per day) per day) 

St. Mary's County Metropolitan Commiss ion, 49 Oukehart's #1 SM Od 33 SM-04-0226 75,000 138,000 
Cherry Cove, Breton Bay Estates: Soc iety Hill Creek #2 SM Od 44 SM-69-0337 

S02 

St. Mary ' s County Metropolitan Commission, 70 Piney SM Fe 1 None 70,000 90,000 
Piney Point Subdivision and Lundeberg School Point SM Fe 2 None 

S05 SM Fe 21 None 
SM Fe 41 SM-81-3684 

St. Mary ' s County Metropolitan Commission, 37 Leonard- #1 SM Cc 18 SM-71-0064 31,000 52,000 
Lovev ille Acres, King and Kennedy Estates town #2 SM Cc 19 SM-73-0699 

S03 #3 SM Cc 27 SM-92-0571 

Mt. Pleasant Water Company 45 Oukehart's #1 SM Dc 59 SM-72-0199 13,000 35,000 
Creek #2 SM Dc 60 SM-72-0200 
S02 

St. Mary's County Metropolitan Commission 62 Pine Hill #2 SM Of80 SM-73-0140 160,000 200 , 000 
Cedar Cove, Shannon Farm Run S08 #1 SM Og 10 SM-68-0223 

#3 SM Og 13 SM-88-0800 

St. Mary's County Metropolitan Commission, 54 Pine Hill SM Of73 SM-73-0768 50,000 70,000 
Tubman Douglas Estates Run S08 



...-
-...J 
0\ 

Appendix F. Ground-water appropriation permits (through 1995) of major users of the Aquia aquifer in Calvert and St. Mary's 
Counties-Continued 

Groundwater 
appropriation Owner 
permit (GAP) location 

number 

SM74GAPOl8 U.S. Navy: Patuxent Naval Air Test Center 

SM74GAP025 St. Mary's County Metropolitan Commission, 
Rolling Acres, Indian River, and Summit 

SM74GAP035 St. Mary's County Metropolitan Commission, 
Birch Manor Subdivision 

' Well was replaced and plugged/or no longer in use 
4 (R) Replacement well 

County 
Location sanitary 

map district! 
number planning 

area 

58 , 59, Pine Hill 
60,61 Run SD8 

29 Indian 
Creek 
SDIO 

35 Luckland 
Run 
SDI 

Amount appropriated 

Owner's MGS/USGS Well 
well well permit Permit Permit 

designation number number average maximum 
(gallons (gallons 
per day) per day) 

UlA SM Df 1 None 830,000 1,240,000 
U3A' SM Df 3 None 
U5A SM Df 4 None 
U4A' SM Df 5 None 
UIB' SM Df 7 None 
U3B SM Df 10 None 
U5B' SM Df 12 None 
U2P SM Df 13 None 
U6B SM Df43 None 

U2A(R)' SM Df61 SM-05-5823 
UIB (R) SM Df93 SM-92-0358 
U3A (R) SM Df94 SM-92-0357 
U4A (R) SM Df95 SM-92-0369 
U5B (R) SM Df96 SM-93-OO36 

UIC' SM Dg I None 
U2C SM Dg 2 None 
U3C SM Dg 3 None 
U2Q SM Dg 5 None 
UIQ' SM Dg 6 None 

UIQ (R) SM Dg 14 SM-92-0370 
UlC (R) SM Dg 15 SM-92-0245 

SM Bc 20 SM-73-1238 59,200 98,800 
UB SM Bc 30 SM-73-2502 

SM Bc 31 SM-88-0244 

UI SM Cc 15 SM-73-1431 27,000 40,000 
U2 SM Cc 16 SM-73-1959 



Appendix F. 

Groundwater 
appropriation 
permit (GAP) 

number 

SM74GAP043 

SM76GAPOO3 

SM76GAPOO4 

---.l SM76GAPOI4 ---.l 

SM76GAP024 

SM76GAP025 

SM79GAPOlO 

SM81GAPOI8 

SM83GAPOI6 

SM83GAP022 

Ground-water appropriation permits (through 1995) of major users of the Aquia aquifer in Calvert and St. Mary's 
Counties-Continued 

County Amount appropriated 

Owner 
Location sanitary Owner's MGS/USGS Well 

location 
map districtl well well permit Permit Permit 

number planning designation number number average maximum 
area (gallons (gallons 

per day) per day) 

St. Mary's County Metropolitan Commission, 38 Pine Hill #1 SM Ce 34 SM-73-1926 25,000 40,000 
Fenwick Manor Subdivision Run S08 #2 SM Ce 35 SM-73-1872 

St. Mary's County Metropolitan Commission, 34 Luckland #2 SM Cb 18 SM-73-1874 240,000 325,000 
Country Lakes and Beverly Estates Run #1 SM Cb 19 SM-73-1873 
Subdivisions SOl Tower SM Cb 30 SM-81-0484 

St. Mary's County Metropolitan Commission, 41 Pine Hill SM De 40 SM-73-2379 34,000 50,000 
St. Mary's Industrial Park Run S08 

St. Mary ' s County Metropolitan Commission, 52 Pine Hill #1 SM De 36 SM-73-1957 350,000 584 ,500 
Wildewood Subdivision and Technology Park Run S08 #2 SM De 50 SM-81-oo60 

Maryland Rock Industries, 50 Flood SM Od 47 SM-73-2269 40,000 60,000 
Breton Bay Plant Creek SM Od 48 SM-73-227I 

S04 

International Association of Machinists, 39 Pine Hill SM Ce 30 SM-73-2243 10,000 15,000 
Placid Harbor Education Center Run S08 SM Ce 38 SM-73-2030 

Maryland Tidewater Administration, 67 Piney SM Fe 39 SM-73-3607 61,000 100,000 
Piney Point Aquaculture Center Point 

SD5 

Maryland Environmental Service, 31 Indian #1 SM Bb 26 SM-81-0091 80,000 150,000 
Charlotte Hall Veterans' Horne Creek SM Bb 27 SM-81-0295 

SOlO #2 SM Bb 28 SM-81-1042 

Watson, Alva & Thomas, 63 Pine Hill #1 SM Ee 49 SM-81-1664 40,800 68,100 
Hunting Quarter Subdivision Run S08 #2? SM Ee 50 SM-88-1439 

Wentworth Nursery, Inc . 27 Indian SM Ab 6 SM-81-0366 15,000 30,000 
Creek SM Ab 7 SM-81-3899 
SDIO SM Ab 8 SM-81-2529 



Appendix F. 

Groundwater 

appropriation 
permit (GAP) 

numbe r 

SM86G APO I6 

SM86GAP060 

SM88G AP002 

-.l 
00 

SM88GAPI 09 

SM89GAP008 

SM89GAPO I0 

SM91GA P021 

SM92GA PO IO 

SM92GAP031 

Ground-water appropriation permits (through 1995) of major users of the Aquia aquifer in Calvert and St. Mary's 
Counties- Continued 

Count y 
Amount appropriated 

Owne r 
Loca tion sanitary Owner's MGS/ USGS Well 

location 
map d istrict / well well permit Permit Permit 

number planning designat ion number number average maximum 

area (ga llons (gallons 
per day) per day) 

St. Mary ' s County Metropo litan Commission. 28 Indian #2 SM Bc 33 SM-88-0012 6 1,300 102 ,400 
Laure l Ridge Subdiv ision Creek # 1 SM Bc 34 SM-81-1243 

SD IO 

St. Mary ' s County Metropolit an Commission. 5 1 Flood SM Ed 17 SM-81-2634 25 ,000 4 1,700 
Wilderness Subdiv ision Creek 

SD4 

Hurson, Daniel J. , 68 Piney SM Fe 40 SM-81 -3344 30,000 60,000 
Landings at Piney Po int Subdiv ision Po int 

SD5 

Patu xent Development Company. Inc. , 33 Luckland Data not Data not 13 ,000 15 ,000 
Mechanicsv ille Shopping Cente r Run ava ilable ava ilable 

SDI (l well) 

Watson, Alva , 47 Dukehart 's Data not Data not 10,000 30,000 
Fish Farm Creek ava ilab le ava ilab le 

SD2 

Murray , J.D. , 32 Indian SM Bc 32 SM-88-0467 39 ,700 66,200 
Persimmon Hill s Creek 

SDI O 

St. Mary 'S County Metropolit an Commiss ion, 64 Pine Hill SM Ef 82 SM-88-1091 13 ,600 22,700 
Southga te Center Townhouses Subdiv ision SD8 

St. Mary ' s County Recrea tion and Parks Dcpt. , 36 Luckland SM Ca 9 SM-88-1 167 60,300 294,000 
Wicomico Shores Golf Course Run SD I 

St. Mary' s County Metropolitan Commiss ion , 40 Pine Hill SM Ce 43 SM-88-2 161 7 ,500 10,000 
Holl ywood Run SD8 

Calvert Couuty Totals 2,864,600 4 ,674,600 
St. Mary's Couuty Totals 4,849,900 7,334,900 
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Appendix G. Measured and simulated water levels from 52 Piney Point-Nanjemoy wells used for model calibration 

Map 
number 

1 
2 

4 
5 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
3 1 
32 
33 
34 
35 
36 
37 
38 
39 
40 
4 1 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 

[na not availablei map numbers located in figure 18] 

Average water levels in selected wel la for 

Well 
number 

CA Bb 29 
CA Be 7 
CA Be 8 
CA Be 16 
CA Be 17 
CA Be 10 
CA Cb 28 
CA Cb 31 
CA Ce 33 
CA Ce 37 
CA Ce 53 
CA Ce 64 
CA Db 43 
CA De 11 
CA De 13 
CA Dc 16 
CA De 24 
CA Eb 6 
CA Ed 34 
CA Fd 34 
CA Fd 5l 
CA Fd 52 
CA Fe 16 
CA Fe 22 
CA Gd 5 
CA Gd 12 
CA Gd 40 
DO Db 17 
SM Bd 
SM Ce 9 
SM Ce 6 
SM Ce 
SM Ce 16 
SM Ce 42 
SM Dd 5 
SM Dd 
SM Dd 
SM Dd 11 
SM Dd 16 
SM Dd 46 
SM Dd 62 
SM Dd 63 
SM De 41 
SM Df 66 
SM Ef 57 
SM Eg 28 
SM Eg 27 
SM Fe 30 
SM Fg 
SM Fg 45 
SM Gh 5 
DO Ce 

prepumping 

Mea8- Simu
ured lated 

na 
na 

24. 
14. 

na 
n a 
na 
na 
na 
na 
na 
na 
na 

18. 
16 . 

na 
na 

10. 
na 
na 
na 
na 
na 
na 
na 
4. 
na 
na 

12. 
8. 
8. 
9. 
7. 
na 

21 
7. 

13 
12. 

4. 
na 
na 
na 
na 
na 
na 
na 
na 
na 
l. 
na 
5. 
na 

44. 
32 . 
22. 
16. 
17 . 
20. 
53 . 
47 . 
11. 
28. 
l4. 

9. 
18. 
13 . 
1 4. 
18. 
19. 

5. 
8. 
6. 

11. 
5. 
4. 
6. 
4. 
3. 
4. 
O. 

13 . 
10. 
12. 
15. 
16. 

7. 
18. 

5. 
5. 

20. 
13 . 
15. 
18. 
18. 
34. 
12. 
27. 

6. 
6. 
2. 
7. 
7. 
5. 
4. 

1952 

Meas - Simu
urad lated 

na 
18 . 
na 
na 
7. 
7. 
na 
na 
7. 

15. 
5. 
na 
na 
na 
na 
na 

16. 
na 
na 
8. 
na 
na 

-l. 
na 

-9. 
na 

-6. 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 

-82. 

38 . 
27. 
l7 . 
13. 
12. 
l6. 
48 . 
42 . 

8 . 
22. 
10. 

7. 
13 . 

9 . 
10. 
14. 
15. 

5 . 
5. 
2. 
7. 
2. 
2. 
4. 

-5. 
-4. 
-4. 

O. 
9. 

-2. 
-l. 
o. 
3. 
O. 

13 . 
4. 
4. 

15. 
10. 

9. 
12. 
12. 
13 . 

-10. 
-l. 
-l. 
-l. 

O. 
- 4. 

o. 
5. 

-77. 

1980 

Meas- Simu
urad lated 

lO. 
na 
na 
na 
na 
na 

43. 
36. 

na 
na 
na 
7. 
1. 
na 
na 
l. 
na 
na 

-11. 
na 

10. 
8. 
na 
O. 
na 
na 
na 

- 3. 
na 
na 
na 
na 

na 
na 
na 
na 
na 
na 
7. 
na 
6. 

-21.. 
-21. 
-17. 

4. 
-11. 
-7. 
na 

-22. 
na 

-80. 

23. 
l6. 

9. 
6 . 
3. 
9. 

37. 
30. 
4. 

11.. 
4. 
3. 
O. 
2. 
O. 
4. 
3. 
4. 

-2. 
O. 
4. 
l. 
l. 
2. 

-6. 
-6. 
-6. 
o. 
2. 

-9. 
-9. 
-9. 
-6. 
-5. 

6. 
3. 
2. 
6. 
4. 
2. 
5. 
5. 

-4. 
-22. 
-18. 
-5. 
-5. 
-2. 

-12. 
-7. 
4. 

-90. 

1982 

Meas- simu
urad lated 

na 
na 
na 
nil 
na 
na 

37. 
na 
na 
na 
na 
5. 

-8. 
na 
na 
na 
na 
na 

-22 . 
na 

10 . 
6. 
na 

-l. 
na 
na 
na 

-4. 
na 
na 
na 
na 
na 

-5 . 
na 
na 
na 
na 
na 
6. 
2. 
6. 

-26. 
-22. 
-18. 

6. 
-12. 

- 8. 
na 

-12. 
na 

-68. 

l7. 
13. 

6. 
3. 

-l. 
7. 

33. 
25. 

2. 
6. 
1. 
l. 

-6. 
-l. 
-4. 
-1.. 
-2. 
4. 

-4. 
- l. 
3. 
o . 
o . 
O. 

-8. 
-8. 
-8 . 

O. 
o. 

- 12. 
-13 . 
-13 . 
-10. 
-7. 
4. 
3. 
2. 
4. 
3. 
o. 
3. 
3. 

-11. 
-25. 
-33. 

-7. 
-7. 
-3. 

-17. 
-10. 

4. 
-67. 

Map 
number 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11. 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 

Average water levels in selected wells for 

1991 

Meas- Simu
ured lated 

na 
na 
nil 
na 
na 
na 
na 
na 
nil 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
5. 
na 
na 

-7. 
na 
na 
na 

-4. 

na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
l. 

-3. 
o. 

-34. 
-25. 

na 
na 

-18. 
-13 

na 
-17 

na 
-68. 

7. 
1.. 

-3. 
-6. 

-14. 
o. 

21. 
12 . 
-3. 
-5 . 
-6. 
-3. 

-20 . 
-8 . 

-11.. 
-9. 

-11. 
2. 

-7. 
-5. 
-l. 
-3. 
-l. 
-2. 

-14. 
-13 . 
-13 . 

O. 
-7. 

-21. 
-22. 
-25. 
-21. 
-13 . 

-3. 
l. 
o. 

- 3. 
-3. 
-7. 
-5. 
-5. 

-27. 
-35. 
-58. 
-12 
-12. 

-4. 
-23. 
-16. 

4. 
-65. 

1992 

Meas- Simu
ured lated 

na 
na 
na 
n a 
n a 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
4. 
na 
na 

- 8. 
na 
na 
na 

-5. 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
O. 

-4. 
O. 

-34 . 
-25. 

na 
na 

-18. 
-13 . 

na 
-2l. 

na 
-58. 

7. 
O. 

-4. 
-7. 

-14 . 
-l. 
21.. 
12. 
-3. 
-5. 
-6. 
-3. 

- 20. 
-8. 
-9. 
-9. 
-9. 

2. 
-8. 
-5. 
-1. 
-3. 
-l. 
-2. 

-14. 
-13 . 
-14 . 

O. 
-7. 

-21. 
-22. 
-25. 
-21. 
-13 . 
-3. 
l. 
o. 

-3. 
-3. 
-7. 
-5. 
-5. 

-28. 
- 47. 
-62. 
-12. 
-12 

-4. 
-24 
-16. 

4. 
-54. 

1993 

Meas- Simu
ured lated 

na 
na 
na 
na 
nil 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
3. 
na 
na 

-9. 
na 
na 
na 

- 5 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 

-l. 
-5 . 
-l. 
na 

-26. 
na 

-19. 
-14. 

na 
-22. 

na 
-60. 

7. 
O. 

-5. 
-8. 

-15. 
-l. 
20. 
12. 
- 4. 
- 6. 
-6 . 
-4. 

-22. 
-9 . 

-10 . 
-1 0 
-10. 

2. 
-9. 
- 5. 
- 2. 
-4. 
-2. 
-3. 

-16. 
-15. 
-16. 

o. 
-7. 

-22 
-24. 
-27. 
-22 
-14 . 
-4. 

O. 
O. 

-4. 
-4. 
-8. 
-6. 
-6. 

-31. 
-57. 
- 64. 
-12 
-12. 

-4 
-2 4 
-16 

4 
- 59. 

1994 

Meas- Simu- Model layer 
ured lated and grid 

na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
3. 
na 
na 

-10. 
na 
na 
na 

-5. 

na 
na 
na 
na 
na 
na 
na 
na 
na 
na 

-2. 
- 7. 
- 2. 

-3 7. 
-2 9. 

na 
na 

-19.5 
-14 . 

-24. 
na 

-58. 

-2. 
- 6. 
-9. 

-12 . 
- 22. 
-5. 
16. 

7. 
- 6. 

-12. 
-lO. 
-7. 

- 26. 
-12. 
-14. 
-14 . 
-14. 

l. 
-ll. 
-6. 
-3. 
-5. 
-2. 
-3. 

-16. 
-15. 
-16. 

o. 
-9. 

-22. 
-24. 
-27. 
-23. 
-14 . 

-5. 
o. 

-l. 
-5. 
-4. 
- 8. 
-7. 
-7. 

-29. 
-47. 
-60. 
-13 . 
-13 . 

-4. 
-26. 
-17. 

4. 
-55. 

15 1.1 
18 19 
17 20 
17 2l 
18 2l 
16 20 
20 16 
22 16 
23 23 
22 19 
2l 22 
22 23 
31 11 
31 24 
28 23 
30 22 
27 22 
33 13 
36 29 
40 29 
39 32 
39 28 
40 38 
39 36 
47 31 
47 32 
47 30 
33 42 
36 13 
44 24 
45 24 
45 23 
43 21 
42 24 
52 13 
57 12 
57 13 
51 11 
53 13 
55 16 
54 16 
54 16 
48 21 
50 29 
58 27 
60 39 
60 39 
65 24 
65 40 
66 39 
68 42 
26 45 
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Appendix H. Measured and simulated water levels from 146 Aquia wells used for model calibration 

Map 
nwnber 

1 
2 

4 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
SO 

[na not available; map numbers located in figure 19 ] 

Average water levels in selected wel ls for 

Well 
nwnber 

AA Cf 122 
AA Cg 25 
AA De 102 
AA Df 86 
AA Df 98 
AA Df 103 
AA Ed 45 
AA Ed 49 
AA Ee 14 
AA Ee 32 
AA Ee 67 
AA Ef 3 
AA Ef 17 
AA Fe 28 
AA Fd 43 
AA Fd 46 
AA Fe 46 
AA Fe 48 
AA Fe 52 
AA Ge 
AA Ge 5 
CA Ba 11 
CA Ba 13 
CA Bb 27 
CA Bb 33 
CA Be 
CA Be 25 
CA Be 29 
CA Be 44 
CA Be 32 
CA Ca 
CA Ca 12 
CA Cb 26 
CA Cb 32 
CA Cb 37 
CA Ce 18 
CA Ce 39 
CA Ce 57 
CA Ce 58 
CA Db 5 
CA Db 11 
CA Db 12 
CA Db 16 
CA Db 19 
CA Db 40 
CA Db 47 
CA Db 86 
CA Db 87 
CA De 17 
CA De 26 

prepumping 

Meas- Simu
ured lated 

na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
1. 
na 
na 
na 
na 
na 
na, 
na 
3 . 

11. 
na 
na 
na 
na 
2. 
na 
2. 
na 
na 

27. 
na 
na 
na 
na 
na 
na 
na 
na 

27. 
18. 
15. 
22 
20. 

na 
na 
na 
na 

17. 
na 

6. 
I. 

22. 
6. 
7. 
3. 

SI. 
48. 
15. 
16. 
19. 

7. 
7 . 

43. 
27. 
39. 
10. 
18. 
22. 
11. 
17. 
34. 
33 . 
34. 
32. 

9. 
9. 
9. 

10. 
22. 
30. 
30. 
28. 
27. 
24. 
12 
14 . 
2I. 
2I. 
2l. 
23. 
23. 
25. 
23. 
22. 
22. 
22. 
23. 
19. 
20. 

1952 

Meas - Simu
ured lated 

na 
na 
na 
na 
na 
na 
na 
na 
7. 
2. 
na 
I. 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
2. 
na 
na 

na 
na 
na 
na 
na 
na 
na 
na 
na 
8. 

6. 
1. 

20. 
S. 
6. 
2. 

47. 
44. 
13. 
lI. 
14. 

6. 
s. 

33. 
18. 
31. 

6. 
12. 
15. 

6. 
11. 
25 . 
25. 
25 . 
24. 

S. 
S. 
S. 
S. 

15. 
21. 
22. 
19. 
19. 
15. 

4. 
6. 

12. 
1 3. 
12. 
15. 
15. 
16. 
15 . 
14. 
12. 
13. 
14 . 
10. 
10. 

1980 

Meas- Sirnu
ured lated 

3. 
1. 

10. 
O. 
na 
na 

35. 
30. 

na 
na 
O. 
na 
3. 
2. 

-5. 
9. 

-3. 
2. 
na 
na 
na 
1. 
9. 
1. 
4. 
na 
na 
na 
na 

-2. 
na 
3. 
4. 
O. 
3. 

-4. 
-5. 
-4. 

2. 
na 
na 
na 
na 
na 

-10. 
-12 . 

na 
na 
na 
na 

S. 
l. 

14. 
3. 
S. 
2. 

37. 
33. 

8. 
S . 
7. 
4. 
3. 

14 . 
3. 

13 . 
O. 
2. 
3. 

-3. 
O. 
6. 
7. 
6. 
6. 

-2. 
-2. 
-2 . 
-3. 

2. 
4. 
6. 
3. 
2. 

-2. 
- S. 
-4. 
-2. 

O. 
-8. 
-3. 
-3. 
-1. 
-3. 
-4. 
- 6. 

-10. 
-7 . 
-7. 
- 6. 

1982 

Meas- Simu
ured lated 

3. 
l. 

10. 
na 
1. 
na 

34. 
26. 

7. 
na 

-2. 
na 
1. 
1. 

-8. 
3. 

-5. 
-l. 
na 
na 
na 

- 5. 
l. 

-2. 
-4. 
na 
na 
na 
na 

- 5. 
na 

- 4. 
- 2. 
-7. 
- 8. 
-7. 
-7 
-7. 
-4 . 
na 
na 
na 
na 
na 

-12. 
-14. 

na 
na 
na 
na 

5 . 
l. 

13. 
3. 
4. 
2. 

34 . 
30. 

6. 
3. 
4 . 
3 . 
2. 
7. 

-3. 
6. 

-3. 
-2. 
-2. 
-7. 
- 6. 
-3. 
-l. 
-3. 
-2 . 
- 6. 
-6. 
-6 . 
-8. 
-4. 
-6. 
-4. 
-7. 
-9. 

-14. 
-10. 
-10. 
-12. 

-8. 
-19. 
- 14 . 
-13. 
-13. 
-14 . 
-15. 
-17. 
-21. 
- 18. 
- 18. 
-17. 

Map 
number 

1 

4 

7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

Average water levels in selected wells for 

1991 

Meas - Simu
ured lated 

2. 
1. 
9. 
2. 
2. 
3. 

31. 
23. 

na 
na 

-4. 
na 
3. 

-1. 
-12. 
-5. 

-13 . 
-13 . 
-11. 

na 
-19. 
-17. 
-19. 
-23. 

na 
na 

-22. 
-23. 

na 
-18. 
-18. 
-25. 
-27. 
-25. 

na 
-24. 
-20. 

na 
na 
na 
na 
na 

-3l. 
-35. 

na 
na 
na 
na 

4. 
1. 

10. 
2. 
3. 
1. 

26. 
22. 
3. 

-2. 
- 1. 
1. 
O. 

-2. 
-16. 

-5 . 
-8. 
-9 . 

-11. 
- 20. 
-20. 
-19. 
-18. 
-20. 
-20. 
-20 . 
-2 0. 
-20. 
-25. 
-22. 
-26. 
-22. 
-28. 
-29. 
-35. 
-26. 
-27. 
-32. 
-27. 
- 42. 
-37. 
-35. 
-34 . 
-37. 
- 37. 
- 41. 
-47. 
-43. 
-39. 
-39. 

1992 

Meas- Simu
ured lated 

2. 
1. 
8. 
2. 
2. 
3. 

3l. 
23. 

na 
na 

-4. 
na 
2. 

-2. 
-12. 
-5. 

-14 . 
-15. 
-12. 

na 
na 

-19. 
-17. 
-20. 
-24. 

na 
na 
na 

-25. 
-26. 

na 
-20. 
-2l. 
-27. 
-28. 
- 25. 
- 24. 
-2 6. 
-22 . 

na 
na 
na 
na 
na 

-3 4. 
-33. 
-42. 
-40. 

na 
na 

4. 
l. 

10. 
2. 
3. 
1. 

26. 
22. 

3. 
- 2. 
-1. 
1. 
o. 

-2. 
-16. 
-5. 
-8. 
-9. 

-10. 
-2I. 
-20. 
- 19. 
-18. 
-20. 
-20 
-2 3. 
-23. 
-2 3. 
-26 
-22. 
-26. 
-22. 
-28 . 
-29. 
-35. 
-27. 
- 27. 
- 32. 
-28. 
-42. 
-37. 
-36. 
-35. 
-37. 
-37. 
-41 . 
-47. 
-4 3. 
-39 
-39. 

1993 

Meas- Simu
ured lated 

2. 
I. 
8. 
2. 
2. 
3. 

3I. 
23. 

na 
na 

-5. 
I. 
3. 

-4. 
- 16. 
-10 . 
-16. 
-18. 
-14. 

na 
na 

-23 
- 20. 
-24 
- 24. 

na 
-24 . 

na 
-29. 
-29. 

na 
-2I. 
-24 . 
-29 . 
-3I. 
-29 . 

na 
-28 . 
-24 . 

na 

na 
na 
na 

-39 . 
-37. 

na 
- 54. 

na 
na 

4. 
l. 

10. 
2. 
3. 
l. 

26. 
22. 

3. 
- 2. 
-l. 
1. 
o. 

-2. 
-16. 
-5. 
- 8. 

-10. 
-11. 
-22. 
-2l. 
-19. 
-18. 
-20. 
-2l. 
-25. 
-25. 
-25 . 
-28. 
- 23. 
- 27. 
-23 . 
-29 . 
-30. 
-36. 
-28. 
- 28. 
-33. 
-28. 
-45. 
-39. 
-38 . 
-36. 
-39. 
-40. 
-44. 
-52. 
-46. 
-4l. 
-40. 

1994 

Meas- Sirnu- Model layer 
ured lated and grid 

4. 
l. 
9. 
2. 
2. 
4. 

30. 
23. 

na 
na 

-5. 
na 
3. 

-2. 
-14. 
-8. 

-16. 
-18. 

na 
na 
na 

-24. 
-20. 
-24. 

na 
na 

-27. 
na 

-30. 
-29. 

na 
-25. 
-24. 
-32. 
-33. 
-3l. 

na 
-3l. 
-27. 

na 
na 
na 
na 
na 

-39. 
-43. 

na 
na 
na 
na 

4. 
l. 

10. 
2. 
3. 
l. 

26. 
22. 
3. 

-2. 
-l. 
1. 
O. 
o. 

-15. 
-4. 
-8. 
-9. 

-10. 
-22. 
-21. 
-17. 
-16. 
-19 . 
-20. 
-26. 
-26. 
-26. 
-28. 
-23. 
-26. 
-22 
- 29. 
-30. 
-37. 
-27. 
-28. 
- 34. 
-29. 
-47. 
-42 . 
-40. 
-37. 
-42. 
-42. 
-46. 
-54. 
-49. 
-4 3. 
-42. 

33 
38 
21 
29 
28 
31 

3 4 13 
3 5 14 
3 4 23 

7 22 
21 

4 26 
26 

9 8 
13 18 
11 13 
10 24 
11 20 
11 19 
16 22 
16 20 
15 10 
17 9 
1 6 11 
17 14 
17 23 
17 23 
17 23 
18 23 
17 19 
22 10 
22 
22 14 
24 11 
25 17 
21 23 
21 22 
24 19 
21 19 
28 18 
30 12 
31 11 
27 12 
30 12 
30 14 
29 17 
28 17 
28 16 
28 1 9 
27 19 
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Appendix H. Measured and simulated water levels from 146 Aquia wells used for model calibration-Continued 

Map 
number 

51 
5 2 
53 
54 
55 
5 6 
5 7 
58 
5 9 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
7 0 
71 
72 
73 
74 
75 
76 
77 
78 
7 9 
80 
81 
82 
83 
84 
85 
86 
8 7 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
10 1 
102 
103 

Averag e wa t er l evel s i n se l ec t ed well a for 

Well 
nwnber 

CA De 29 
CA Eb 4 
CA Ed 4 
CA Ed 42 
CA Ed 47 
CA Fd 1. 
CA Fd 54 
CA Fd 6 8 
CA Fd 69 
CA Fd 70 
CA Fe 18 
CA Fe 19 
CA Fe 20 
CA Fe 21 
CA Fe 30 
CA Gd 
CA Gd 7 
PG Fe 36 
PG Gd 
PG Hf 35 
PG Hf 42 
CH Bg 11 
CH Ce 41 
CH Ce 47 
CH Cg 20 
CH Cg 21 
CH Ch 15 
CH Df 17 
CH Ff 59 
SM Bb 4 
SM Bb 
SM Bb 
SM Bb 15 
SM Be 
SM Be 
SM Be 26 
SM Ca 1 
SM Ca 
SM Cb 1 
SM Cb 5 
SM Cb 14 
SM Ce 8 
SM Ce 13 
SM Cc 18 
SM Ce 22 
SM Cd 14 
SM Ce 34 
SM Db 1 
SM Db 2 
SM Db 5 
SM Db 10 
SM Db 18 
SM Db 28 

prepumpi ng 

MeaB - Simu
urad l ated 

na 
10. 
10 . 

na 
na 

11. 
na 
na 
na 
na 
na 
na 
na 
na 
na 

10. 
1. 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 

23. 
24. 

na 
na 
na 

24. 
35. 

na 
na 
na 
na 
na 
na 
na 

10 . 
12. 

na 
na 
na 

14. 

12. 
1 8. 

8 . 
8 . 
7. 
9. 
7. 
8. 
8. 
8. 
6. 
6. 
6. 
6. 
6. 
8. 
8. 

68. 
80. 
28. 
28. 
62. 
58. 
62. 
53. 
46. 
25 . 
47. 

4. 
40. 
43. 
39. 
43. 
27. 
31. 
35. 
19 . 
25 . 
27. 
32 
31. 
31. 
34. 
29. 
26. 
20. 
16. 
11. 
10. 
17. 
14. 

9. 
11. 

19 5 2 

Meae- Simu 
urad l ated 

na 
n a 
n a 
n a 
n a 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 

-17. 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 

36. 
32. 
28. 

na 
na 
na 
na 

12. 
na 
na 
na 

17 . 
na 
na 
na 
na 
7. 
na 
na 
na 
7. 
9. 

11. 
na 

4 . 
9 . 

-3 . 
-5 . 
- 5 . 

- 54. 
- 13. 
- 29. 
- 29. 
- 22. 
- 1 7. 
- 13. 
-13 . 
- 1 5. 
- 1 6. 
-29. 
- 32. 

5 8. 
62. 
19. 
19. 
48. 
43. 
47. 
40. 
35. 
17. 
35. 

1. 
30. 
32. 
29. 
33. 
18. 
21. 
26. 
12. 
18. 
17. 
22. 
21. 
21. 
24. 
18. 
1 5 . 
10. 
- 2. 

6. 

9. 
7. 
2. 
4. 

1980 

Meas - Simu 
urad l ated 

-9. 
na 
na 

- 1 8 . 
na 
na 

-24. 
na 
na 
na 

- 22. 
-25. 
-25. 
-27. 

na 
- 40. 

na 
32. 

na 
na 
na 
na 
na 
5. 

- 2. 
6. 

-4. 
11. 
-1. 
na 
na 
na 
3. 
na 
na 
4. 
na 
3. 
na 
na 
na 
na 
5. 

-2. 
- 4. 

na 
na 
na 
na 
na 

na 
na 

-8. 
-6. 

-1.6. 
- 19. 
-24. 
-34 . 
-23. 
-30. 
-30 . 
-27. 
-33 . 
-24 . 
-24. 
-26. 
-29. 
- 30. 
-32. 

34 . 
30. 

2. 
2. 

22. 
18. 
2 1. 
14 . 

8. 
- 2. 
10. 
-4. 
-1. 
3. 

- 1. 
3. 

-6. 
-3. 
- 3. 
-3. 
1. 

-10. 
- 8. 
-6. 
-7. 
-4. 
-5. 
-8. 
-7. 

-18. 
-5. 
- 8. 
-7. 
- 6. 
-8. 
-8. 

19 8 2 

Meas- Simu
urad l ated 

- 14 . 
na 
n a 

-2 9. 
- 29. 

n a 
-28. 

na 
na 
na 
na 

-28. 
-3 1. 
- 29. 
-35. 
-43. 

na 
26. 

2 . 
na 

-6. 
4. 
na 
na 

-2. 
-3. 

-10. 
1. 
na 
na 
na 
na 

-2. 
na 
na 

- 3. 
na 

-3. 
na 
na 
na 
na 

-1. 
-8. 

-11. 
n a 
na 
na 
na 
na 
na 
na 
na 

-17. 
- 1 4. 
- 24 . 
- 27. 
- 34. 
- 38. 
- 28. 
-35. 
- 35. 
- 32. 
-40. 
- 30. 
-30. 
- 32. 
-34. 
- 35. 
-36. 
26. 
18. 
- 8. 
- 8 . 
9. 
3. 
6. 
2. 

-2. 
-12. 

- 3. 
-8. 
-8. 
-5. 
-8. 
-5. 

-15. 
-12. 
-12. 
-13 . 
-9. 

-22. 
-19. 
-18. 
-16. 
-13 . 
-12. 
-15. 
- 13 . 
-23. 
-10. 
-18. 
-14. 
-12. 
-17. 
- 18 . 

Map 
nwnber 

51 
52 
53 
54 
55 
5 6 
57 
5 8 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 

Average water l eve l s i n se l ected well s for 

1991 

Meas- Simu 
urad l ated 

- 30. 
na 
n a 

- 48. 
na 
na 

-52. 
-78. 
-80. 
- 71. 

na 
-56. 
- 5 5 . 

na 
-61. 
-82. 

na 
18. 
-8 . 

-26. 
-23. 
- 1 1. 
-13. 
-23. 
-21. 
-25. 
-29. 
-21. 
-17 . 

na 
na 
na 

- 29. 
na 
na 

-25. 
na 

-23. 
na 
na 
na 

-25. 
na 

-26. 
-28. 

na 
-47. 

na 
na 
na 
na 
na 
na 

-34. 
-34. 
- 42. 
-48. 
-54 . 
-74. 
-57. 
-80 . 
-80. 
- 67. 
-84. 
-59. 
-59. 
-65. 
-72. 
-80. 
-76 . 

10. 
-10. 
- 3~. 

-29. 
- 17. 
-25. 
-22. 
-25. 
-32. 
-36. 
-31. 
-14. 
-37. 
-35. 
-38. 
-35. 
-38. 
-37. 
-39. 
-28. 
-27. 
-40. 
-42. 
-41. 
-37. 
-38 
- 35. 
-37. 
-34. 
-49. 
-22. 
- 29. 
-28. 
- 25. 
- 28. 
-30. 

1992 

Meas- Simu 
urad l ated 

-31. 
na 
na 

-49 . 
- 52. 

na 
-56. 
- 84. 
-81. 
- 78. 

n a 
- 59. 
- 59. 

na 
-67. 
- 82. 

na 
17. 
-7. 

-28. 
-25. 
-13 . 

na 
-24. 
-22 
- 27 
-31. 
-25. 
-19. 

na 
na 
na 

-31. 
na 
na 

-27. 
na 

-25. 
na 
na 
na 

- 27 . 
na 

-28. 
-30. 

na 
-50. 

na 
na 
na 
na 
na 

.na 

- 34. 
- 34. 
- 42 . 
-48. 
- 53. 
-73. 
- 57. 
-79. 
-79. 
-66. 
-85. 
-59. 
-59. 
-65. 
-72. 
-79. 
- 75. 

1 0. 
-11. 
-30. 
-29. 
-18. 
-25. 
-23. 
-26. 
-33 
- 36. 
- 31. 
-14 . 
-38. 
-37. 
-39. 
-36. 
- 39. 
-38. 
-39. 
-29. 
-28. 
-41. 
-43. 
-41. 
- 38. 
-39. 
- 36 
-37. 
-34. 
- 48. 
-22. 
-29. 
-28. 
-25. 
-29. 
-30. 

1993 

Meas - Simu
urad l ated 

-34. 
n a 
n a 
na 
na 
na 

-62. 
-86. 
-87. 
-78. 

na 
-65. 
- 65. 

na 
-75. 
-90. 

16 . 
-9. 

-31. 
-28. 
-15. 
-20. 
-24. 
-25. 
-30. 
- 34. 
- 28. 
-20. 

na 
na 
na 

-34. 
na 
na 

-34. 
na 

-27 
na 
na 
na 

- 31. 
na 

-31 
-34. 

na 
-56. 

na 
na 
na 
na 
na 
na 

-35. 
-37. 
- 46. 
- 52. 
-59. 
-78. 
-62. 
-85. 
-85. 
-72. 
-95. 
- 64. 
- 64. 
-71. 
- 79. 
-85. 
-80. 

9. 
-12. 
-32. 
-31. 
-19. 
-26 . 
-24. 
- 2 8. 
-36. 
-39. 
-33. 
-15. 
-42. 
-41. 
-42. 
-39. 
-41. 
-40. 
-42. 
-31 
- 31. 
- 43. 
-46. 
-45. 
- 41. 
- 41. 
-38. 
-40. 
-36 . 
-52. 
-23. 
-31. 
-30. 
-26. 
-30 . 
- 31. 

1994 

Meas - Si mu- Model layer 
urad l ated and gri d 

-38. 
na 
na 

-4 8 . 
na 
na 

-67. 
- 95. 
-9 5 . 
-94. 

na 
-68. 
-72 . 

na 
- 78. 
-93. 

na 
15. 

na 
-33. 

-17. 
-16 . 
-31. 
-26. 
-32. 
-37. 
-30. 
- 21. 

na 
na 
na 

-40. 
na 
na 
na 
na 

-27. 
na 
na 
na 

-33. 
na 

-34. 
- 34. 

na 
-57. 

na 
na 
na 
na 
na 
na 

-38. 
- 40. 
-52. 
-59. 
- 65. 
- 84. 
- 69. 
- 93. 
- 93. 
- 79. 

- 101. 
-72. 
-72. 
-79. 
- 86. 
- 93. 
- 86. 

13 . 
-10. 
-32. 
-31. 
-17. 
-23. 
-21. 
-27. 
- 35. 
-40. 
- 31. 
-14 . 
-42. 
-41. 
-42. 
-39. 
- 42. 
-41. 
-42. 
-28. 
-27. 
-42. 
-45. 
-43. 
-41. 
-42. 
-40. 
- 41. 
-39. 
-56. 
-22. 
-28. 
-29. 
-26. 
-27. 
-29. 

3 30 25 
3 33 18 
3 34 30 
3 36 31 
3 35 32 

45 30 
39 33 

3 44 32 
3 44 32 
3 42 32 
3 42 37 
3 39 36 
3 39 36 
3 40 36 
3 41 37 

44 32 
45 32 
15 4 
20 2 
28 
27 9 
25 3 
29 1 
28 1 
28 
31 
31 
33 
55 2 
33 5 
32 4 
34 
33 3 
34 9 
34 8 
37 
41 
39 
41 
39 4 
39 3 
40 
38 
39 
43 
37 15 
43 20 
52 
47 
48 
50 
48 
46 
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Appendix H. Measured and simulated water levels from 146 Aquia wells used for model calibration-Continued 

Map 
number 

104 
105 
106 
107 
108 
109 
110 
III 
112 
113 
114 
115 
116 
117 
118 
1 19 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 

Average water lev els in selected wells for 

We ll 
number 

SM Db 29 
SM Db 32 
SM Dc 1 
SM Dc 3 
SM Dc 4 
SM Dc 12 
SM Dc 30 
SM Dc 36 
SM Dc 37 
SM Dc 38 
SM Dc 39 
SM Dc 42 
SM Dc 58 
SM Dc 59 
SM Dd 1 
SM Dd 2 
SM Dd 23 
SM Dd 44 
SM Dd 47 
SM Dd 49 
SM Dd 50 
SM Dd 51 
SM Df 1 
SM Df 
SM Df 3 
SM Df 10 
SM Df 42 
SM Df 61 
SM Df 62 
SM Df 71 
SM Df 80 
SM Df 86 
SM Dg 1 
SM Dg 
SM Dg 
SM Dg 10 
SM Ec 14 
SM Ef 69 
SM Fe 31 
SM Ff 21 
QA Eb 113 
DO Db 18 
DO Db 19 

prepurnping 

Meas - Sirnu-
ured lated 

10. 
na 
7. 
8. 
6. 

12. 
na 
na 
na 
na 
na 
na 
na 
na 
7. 
3. 
na 
na 
na 
na 
na 
na 
4. 
4. 

10. 
1. 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
n a 

17. 
11. 
14 . 
15. 
13 . 
21. 
15. 
22. 
23. 
14. 
15. 
14. 
14 . 
17. 
18. 
17. 
18. 
13 . 
11. 
17. 
19. 
15 
11 
12 
11 
10. 
12. 
12 . 
13 . 
13 . 

9. 
11 . 

7. 
7. 
6. 
8. 
7. 
8. 
6. 

4. 
4. 
4. 

1952 

Meas - Simu
ured lated 

na 
13 . 

na 
na 
na 
na 
9. 

12. 
12. 

9. 
8. 
na 
na 
na 
na 
na 

-1. 
na 
na 
na 
na 
na 

-29. 
-29. 
-32 . 

na 
-42. 

na 
na 
na 
na 
na 

-31. 
-29. 
-19 . 

na 
6. 
na 

-3 . 
na 
na 
na 
na 

9. 
4. 
5. 
6. 
4. 

12. 
7. 

10 . 
13 . 

6. 
7. 
6. 
6. 

10. 
4. 
3. 
3. 
2. 
1. 
1. 
5. 
3. 

-49. 
-43. 
-46. 
-43. 
-45. 
-43. 
-3 8. 
-31. 
-40. 
-55. 
-50. 
-50. 
-39. 
-42. 

3. 
-16. 
-11. 
- 13 . 

3. 
- 5. 
-4. 

1980 

Meas - Sirnu-
ured lated 

na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 

-21. 
-2 4. 
-25. 

na 
-44. 

na 
na 
na 
na 
na 

-75 . 
-55 . 

na 
na 
na 
na 
na 
na 
na 
na 

-27. 
na 
na 
na 
na 

-7. 
-8. 

-15. 
-15. 
-15. 
-9. 

-13 . 
-13 . 

-8 . 
-14. 
-10. 
-14. 
- 1 4. 

- 8. 
-25. 
- 27. 
-31. 
-21. 
-20 . 
-23. 
-26. 
- 20. 
-60. 
-59. 
- 57. 
-52. 
-62. 
-59. 
-59. 
-52. 
- 51. 
-65. 
-53. 
-53. 
-46. 
-52. 

-7. 
-33. 
-33. 
-26. 

3. 
-12. 
-11. 

1982 

Meae - Simu 
ured lated 

na 
na 
na 
na 
na 
na 
na 
na 
n a 
na 
na 
na 
na 

-14 . 
-28. 

na 
na 
na 

-29. 
-38. 
-27 . 
-23. 
-70. 

na 
na 
na 

-76. 
na 

-75 . 
-58. 

na 
-73. 
-58. 
-54. 
-42. 
-58. 

na 
-39 . 
-34. 

na 
-5. 

n a 
n a 

-14. 
-18. 
- 18. 
-19 . 
- 18. 
-14. 
-16. 
-18. 
-14 . 
- 17. 
-14 . 
-17. 
- 17 . 
-14 . 
- 30. 
-32. 
- 36. 
-23. 
-22 . 
- 27. 
-32. 
-23. 
-64. 
-65. 
-61. 
-55. 
-67. 
-65. 
-67. 
-59. 
-55. 
- 69. 
- 54. 
-54. 
-47. 
-55. 
-9. 

-37. 
-36. 
-32. 

3. 
- 15 . 
-14. 

Map 
number 

104 
105 
106 
107 
108 
109 
110 
III 
112 
113 
114 
115 
1 16 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
12 7 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 

Average water levels in selected wells for 

1991 

Meas- Simu 
ured lated 

na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 

- 32 . 
- 33 . 
- 27. 
- 49. 

na 
na 

-43 . 
-45. 
-47 . 
-52 . 
-38. 

-107 . 
na 

-101. 
na 

-114 . 
na 
na 

-92 . 
- 82 . 

- 114. 
-85 . 
-79 . 
-76. 
-84 . 

na 
- 68. 
- 52 . 
-57. 
-8. 

- 3 2. 
-34. 

-28. 
-30. 
- 37. 
-38. 
-36. 
-33. 
-35. 
-39. 
-33 . 
-36. 
-30. 
-36. 
-36. 
-30. 
-55. 
-57 . 
- 62. 
-44. 
-41. 
- 52. 
-5 7. 
-45. 

-105. 
-108. 
-102. 

-94 . 
-117 . 
-108. 
-1 12 . 

-99 . 
-91. 

-113 . 
-90. 
-90. 
- 81. 
-91. 
-21. 
- 61. 
-49. 
-55. 

2. 
-31. 
-29. 

1992 

Meas- Simu
ured lated 

na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 

-36 . 
- 36. 
- 29. 
-50. 

na 
na 

- 43. 
- 46. 
-49 . 
-5 4. 
-40 . 

-Ill. 
na 
na 
na 

- 11 5. 
-10 7. 
-10 7. 

-9 6. 
-84 . 

-113 . 
-87 . 
-76 . 
-76. 
-84. 

na 
-69. 
-52 . 

na 
- 8. 

- 34. 
-37. 

-28. 
-30. 
-37. 
-38. 
-35. 
-33. 
-35. 
-40. 
-34. 
- 36. 
- 30. 
-36. 
-36. 
-30. 
- 55. 
-57. 
- 62. 
-42 . 
-40 . 
- 51. 
-5 7 
-44 

-100 
-105. 

-98. 
- 89. 

-119 
-105 
-109 . 

-98. 
-88. 

-108. 
-83. 
-83. 
-75. 
-89. 
-2 1. 
-62. 
-48. 
-55 . 

2. 
-32. 
-29. 

1993 

Meas- Simu
ured lated 

na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 

-39. 
-39. 
-29. 
- 55. 

na 
na 

-47 . 
- 47. 
- 52 . 
- 59. 
-44 . 

- 113 . 
na 
na 
na 

-121. 
-114. 
-114 . 
-102. 

-88. 
-122. 

- 89. 
na 

- 82. 
-94. 

na 
-70. 
-53 . 

na 
-8. 

-39. 
-39. 

- 30. 
-31. 
-41. 
-42. 
-4 0. 
-36. 
-39. 
-4 4. 
-36. 
-4 0. 
-33 . 
-40. 
-40 . 
-33. 
-62. 
- 63. 
- 69. 
- 49. 
-46 . 
-5 7. 
- 64. 
-49 

-106. 
- 110 
-104 

-95 . 
-124 . 
- 110. 
-115 . 
-10 3. 

-93. 
-114. 

-8 7. 
-87. 
-80. 
-93. 
-23. 
-64. 
- 51. 
-55 . 

2. 
-3 3. 
-31. 

1994 

Meas- Sirnu- Model layer 
ured la ted and grid 

na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
na 

-41. 
- 41. 
-33. 
- 56. 

na 
na 
na 

-50. 
-55 . 
-61. 
-45. 

na 
na 
na 
na 

-131. 
na 
na 

-101. 
-90. 

-113 . 
na 

-85. 
- 85. 
-89. 

na 
-75. 
-55. 

na 
-8. 

-40. 
-42. 

-29. 
-2 9. 
-4 2. 
-43. 
-40. 
-36. 
-3 9. 
-45. 
-37. 
-40. 
-33. 
-40 . 
-40. 
-33. 
-63 . 
-65 . 
-71. 
-49. 
-46. 
-58. 
-65. 
-50. 

-107. 
-112. 
-105. 

-96. 
-127. 
-112. 
-118 . 
-105. 

-94. 
-114 

-87. 
-87. 
- 81. 
-94. 
-24. 
-66. 
-52. 
-56. 

2. 
-37. 
-3 4. 

48 
46 
53 
52 
54 
47 
51 8 

3 47 9 
3 46 

52 
51 
52 
52 
49 
50 12 
51 13 
50 13 
55 11 

3 57 12 
53 16 
49 12 
53 11 
54 33 
54 31 
53 32 
52 33 
56 32 
54 31 
54 30 
55 29 
55 35 
54 32 
54 38 
54 38 
51 39 
54 36 
58 7 
62 34 
65 26 
64 33 

3 43 
34 42 

3 33 42 



Appendix I. Seven wells located in Calvert County showing simulated and measured water levels used in model 
calibration: CA Bb 27, Cc 18, Fd 51, Fd 52, Fd 54, Fe 22, and Gd 5 
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Appendix J. Seven wells located in Charles County showing simulated and measured water levels used in model 
calibration: CH 8g 11, Ce 47, Ch 15, Cg 20, Cg 21, Of 17, and Ff 59 
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Appendix K. Four wells located in Prince George's County showing simulated and measured water levels used 
in model calibrat ion: PG Fe 36, Gd 3, Hf 35, and Hf 42 
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Appendix L. Five wells located in St. Mary's County showing simulated and measured water levels used in model 
calibration: SM Bb 15 at Charlotte Hall and SM Dd 44, Dd 46, Dd 47, and Dd 49 at Leonardtown 
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Appendix M. Five wells located in St. Mary's County showing simulated and measured water levels used in model 
calibration: SM Of 42 and Of 62 at Lexington Park, SM Of 1 at Patuxent Naval Air Test Center, SM 
Of 66 at California, and SM Ef 57 at Great Mills 
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Appendix N. Four wells located in St. Mary's County showing simulated and measured water levels used in model 
calibration: SM Fe 30 and Fe 31 at Piney Point and SM Eg 27 and Fg 45 at Lake Conoy Sanitary 
Districts 
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Appendix O. Projected water levels in selected Piney Point
Nanjemoy wells obtained by simulating 1995 to 2020 
pumpage rates based on county water plans and 
population growth estimates 
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- 41. 
-41. 
-5 5 . 
-63. 
-69. 
-89 . 
-75. 
-98. 
-98. 
-86. 

-109. 
-78. 
-78. 
-85. 
-94. 
- 98. 
-91. 
13. 

-11. 
-32. 
-30. 
-15. 
-21. 
-19. 
-27 . 
-37. 
-42. 
-32. 
-14. 
-46. 
-44. 
-46. 
-41. 
-46. 
-45. 
-48. 
-32. 
- 3 2. 
-52. 
-55. 
-52. 
-48 . 
-48. 
-43 . 
-4 5. 
-41. 
-58. 
-25. 
-30 . 
- 3 3. 
-29. 
-29 
-3 1. 

2000 

- 48. 
-49 . 
-65 . 
-75 . 
-83 . 

-103. 
- 88. 

-118. 
-118. 
-103. 
- 124. 

-91. 
-9 1. 
-99. 

-109. 
-118. 
-1 07. 

11. 
-13 . 
-38. 
-3 6. 
-19. 
-23. 
- 21. 
- 31. 
-42. 
-48. 
-35. 
-15. 
- 52. 
-49. 
-52. 
-47. 
-53. 
-52. 
-5 4. 
- 35. 
- 35. 
-57 . 
-60. 
-57. 
- 54. 
- 54. 
-4 9. 
- 51. 
- 48. 
-67. 
- 27. 
- 32. 
-3 7. 
-3 2. 
-31. 
- 33. 

Year 
200 5 

-61. 
-60 . 
-85. 
-96. 

-113 . 
-122. 
-107. 
-141. 
-14 1. 
-125 . 
- 144. 
-110. 
- 110. 
-119. 
-129. 
-141. 
-127. 

8. 
-17. 
-48 . 
-46. 
-25 . 
-26. 
-24. 
- 38. 
- 51. 
- 59. 
-41. 
- 1 7. 
- 62. 
-60. 
-62 . 
- 55. 
- 63. 
- 6 1. 
-62 . 
-39. 
-41. 
- 63. 
-67. 
- 64. 
- 61. 
- 62. 
-57. 
-58. 
-57. 
-7 7. 
-30. 
-35. 
-40. 
-35. 
-33. 
- 36. 

2010 

-6 7. 
-6 6. 
-93. 

-105. 
-123. 
-132 . 
-117 . 
-154. 
-154. 
-13 6. 
-154. 
-119. 
- 119. 
-129. 
-140. 
-154. 
-137 . 

6 . 
-20. 
-54. 
-51. 
- 28. 
-29 . 
- 27. 
- 42. 
-56. 
- 65. 
-46. 
-18. 
-69. 
-65. 
- 68. 
- 61. 
-68. 
-67. 
- 69. 
-44. 
-47. 
-70. 
-75. 
-7 2. 
-6 7. 
- 68. 
- 62. 
- 63. 
- 62. 
- 83. 
-32. 
-37. 
- 43. 
-37. 
-36. 
-39. 

2015 

- 71. 
-70. 
-98. 

-110. 
-130. 
- 139. 
-123. 
-162. 
-162. 
- 144. 
-161. 
-125. 
-125. 
-135 . 
-147. 
- 162. 
- 144. 

5. 
-22. 
-57. 
- 54. 
-30. 
-3l. 
- 28. 
-45. 
-59. 
-68. 
-49. 
-18. 
-73. 
-70. 
-73. 
- 65. 
-73 . 
- 72 . 
-75 . 
- 48. 
- 52 . 
- 75. 
-8l. 
- 78. 
- 71. 
- 74. 
-66. 
-6 7. 
-65. 
- 88. 
- 34. 
-39. 
-46. 
-40. 
- 37. 
-41. 

2020 

-75. 
-75. 

- 103. 
- 116. 
- 136. 
-146. 
-12 9. 
-170. 
-170. 
-151. 
-168. 
-131. 
-131. 
-14 2. 
-153 . 
-170 . 
-151. 

4. 
- 23. 
- 61. 
-58. 
-33. 
- 33. 
-30. 
-49. 
- 64. 
- 73. 
-53. 
-20. 
- 80. 
-76 . 
-80. 
-72. 
- 79. 
-78. 
-82. 
-53. 
-59. 
-82. 
-89 . 
-86. 
-78 . 
-81 . 
- 71. 
-72. 
-70. 
- 92. 
- 3 6. 
-42 . 
- 50 . 
-43. 
-40. 
- 44. 

Layer Row Column 

3 

3 
3 
3 

3 

3 

3 
3 
3 

3 

30 
33 
34 
36 
35 
45 
39 
44 
44 
42 
42 
39 
39 
40 
41 
44 
45' 
15 
20 
28 
27 
2 5 
29 
28 
28 
31 
3 1 
33 
55 
33 
32 
34 
33 
34 
34 
37 
41 
39 
41 
39 
39 
40 
38 
39 
43 
37 
43 
52 
47 
48 
50 
48 
46 

2 5 
18 
30 
31 
32 
30 
33 
32 
32 
32 
37 
36 
36 
36 
37 
32 
32 

4 
2 

1 
1 

2 
5 
4 

3 
9 
8 
6 

4 
3 
6 
6 

15 
20 
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Appendix P. 

Map 
number 

104 
105 
10 6 
10 7 
lOB 
10 9 
11 0 
111 
11 2 
11 3 
11 4 
1 15 
11 6 
117 
11 B 
11 9 
120 
121 
122 
123 
124 
125 
12 6 
12 7 
1 2 B 
1 29 
130 
131 
132 
133 
13 4 
135 
13 6 
13 7 
13B 
139 
14 0 
141 
142 
143 
144 
145 
146 

Well 
numbe r 

SM Db 2 9 
SM Db 32 
SM Dc 1 
SM Dc 
SM Dc 4 
SM Dc 1 2 
SM Dc 30 
SM Dc 3 6 
SM Dc 37 
SM Dc 3B 
SM Dc 39 
SM Dc 42 
SM Dc 5B 
SM Dc 59 
SM Dd 1 
SM Dd 
SM Dd 23 
SM Dd 44 
SM Dd 4 7 
SM Dd 4 9 
SM Dd 50 
SM Dd 51 
SM Df 1 
SM Df 2 
SM Df 3 
SM Df 10 
SM Df 42 
SM Df 61 
SM Df 62 
SM Df 71 
SM Df BO 
SM Df B 6 
SM D9 1 
SM D9 3 
SM D9 6 
SM D9 10 
SM Ec 14 
SM Ef 69 
SM Fe 31 
SM Ff 21 
QA Eb 113 
DO Db 18 
DO Db 19 

Projected water levels in selected Aquia wells obtained by simulating 1995 to 2020 pumpage rates based on county water 
plans and population growth estimates-Continued 

199 5 

-33 . 
-3l. 
-44. 
-46 . 
- 43 . 
- 40 . 
- 42 . 
- 48 . 
- 4l. 
- 4 3. 
-36. 
-43. 
-43 . 
-36 . 
- 66 . 
- 6 8. 
- 7 4 . 
-52 . 
-49 . 
- 6l. 
- 68 . 
- 53 . 

- 110 . 
-116 . 
-1 08. 

- 9 9 . 
-13 1 . 
- 116 . 
- 122 . 
- 110 . 

-9 7. 
-11 8 . 

- 8 9. 
- 89 . 
- 84 . 
-9 7. 
-25 . 
-67 . 
-53 . 
-57. 

2 . 
-39 . 
-36 . 

2000 

- 3 7. 
- 33 . 
-50 . 
- 52. 
- 48 . 
-45. 
-48 . 
-54 . 
- 46. 
- 5 0. 
-4l. 
- 5 0. 
-5 0 . 
- 4l. 
- 73 . 
-7 5. 
- 8 1 . 
- 58 . 
- 55. 
-68. 
- 7 5. 
- 59 . 

- 120 . 
- 1 27. 
- 119 . 
-110. 
- 14 3 . 
- 1 2 7. 
- 13 4. 
- 120 . 
- 1 0 6 . 
-12 9 . 

-98. 
-9 8 . 
- 9 3. 

- 1 07 . 
-28. 
-73. 
-58 . 
- 63. 

2 . 
- 46. 
- 42. 

Yea r 
2005 

-40 . 
-36 . 
-55. 
-57 . 
-53 . 
- 51 . 
-53 . 
-60 . 
-5 2 
-54 . 
-45 . 
- 54. 
-54. 
-45 . 
-80 . 
- 82 . 
- 89. 
-63 . 
-60 . 
-75 . 
- 83 . 
-65 . 

-13l. 
-138 . 
-13 0. 
-120 . 
-153 . 
-138 . 
-14 4. 
-130 . 
-116 . 
- 139 . 
-10 8. 
-10 8. 
-103 . 
-118 . 
-3l. 
- 79 . 
- 63 . 
-68 . 

2 . 
-56 . 
-52 . 

2010 

-43 . 
-39 . 
-59 . 
- 6l. 
-56 . 
-55 . 
-5 7. 
- 64 . 
-56 . 
-58 . 
- 4 9. 
- 58 . 
-5 8. 
-4 9. 
-85 . 
- 8 7 . 
-9 5 . 
-68 . 
- 64 . 
-80 . 
- 88 . 
- 69 . 

- 140 . 
- 14 7. 
-139. 
-12 9. 
-16 3. 
-147 . 
- 154 . 
-13 9. 
-12 3. 
- 149. 
- 1 15 . 
-115 . 
- 110 . 
-125 . 

-33 . 
-84 . 
-67 . 
-72. 

2 . 
- 61. 
-57 . 

2 015 

- 4 6. 
-4l. 
- 6l. 
- 64. 
- 59. 
-58. 
- 59. 
-68. 
-60. 
- 60 . 
- 5 l. 
- 60 . 
- 6 0 . 
- 52. 
- 8 9. 
-9 2. 
-99. 
-7 l. 
-67. 
-84. 
-92. 
-73. 

- 14 7 . 
- 155 . 
-14 6. 
-135. 
-1 73. 
- 1 55 
- 1 63 
-14 7 
-130. 
- 157 . 
-120. 
- 120. 
- 116. 
-13l. 

-35. 
-88. 
-70. 
-75. 

2. 
-64. 
-60. 

2020 

-50 . 
- 4 4 . 
- 65. 
-67 . 
-62 . 
-62 . 
-63 . 
-72 . 
- 64. 
- 64 . 
-55 . 
-6 4. 
- 64 . 
-55 . 
-94. 
-9 6 . 

-104. 
- 7 5 . 
- 7 0 . 
- 89. 
-97 . 
- 7 7 . 

-154 . 
-16 3. 
-15 3. 
-14 2. 
-18 2. 
-163 . 
-172 . 
-155 . 
-136 . 
-164. 
-12 6 . 
-126. 
- 1 2l. 
-13 7 . 

-37 . 
-92 . 
-73 . 
-78 . 

2. 
-68 . 
- 63 . 

Layer Row Column 

48 
46 
53 
52 
54 
47 
51 
47 
46 
52 
51 
5 2 
52 
49 
50 
51 
50 
55 
57 
53 
49 
53 
54 
54 
53 
52 
56 
54 
54 
55 
55 
54 
54 
54 
51 
54 
58 
62 
65 
64 

3 
34 
33 

2 
9 

9 
7 
8 
9 

8 

12 
13 
13 
11 
12 
16 
12 
11 
33 
31 
32 
33 
3 2 
31 
30 
29 
35 
32 
38 
38 
39 
36 

7 
34 
26 
33 
43 
42 
42 



Appendix Q. 

Map 
number 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
4.3 
44 
45 
46 
47 
48 
49 
50 
51 
52 

Well 
ntnnber 

CA Bb 29 
CA Be 7 
CA Be 8 
CA Be 16 
CA Be 17 
CA Be 10 
CA Cb 28 
CA Cb 31 
CA Ce 33 
CA Ce 37 
CA Ce 53 
CA Ce 64 
CA Db 43 
CA De 11 
CA De 13 
CA De 16 
CA De 24 
CA Eb 6 
CA Ed 34 
CA Fd 34 
CA Fd 51 
CA Fd 52 
CA Fe 16 
CA Fe 22 
CA Gd 
CA Gd 12 
CA Gd 40 
DO Db 17 
SM Bd 
SM Ce 9 
SM Ce 
SM Ce 
SM Ce 16 
SM Ce 42 
SM Dd 5 
SM Dd 6 
SM Dd 7 
SM Dd 11 
SM Dd 16 
SM Dd 46 
SM Dd 62 
SM Dd 63 
SM De 41 
SM Df 66 
SM Ef 57 
SM Eg 28 
SM Eg 2 7 
SM Fe 30 
SM Fg 2 
SM Fg 45 
SM Gh 5 
DO Ce 5 

Projected water levels in selected Piney Point
Nanjemoy wells obtained by simulating current 
(1995) average annual ground-water appropriation 
rates from 1995 to 2020 

[map number. loeated in figure 181 

1995 

-5. 
-12. 
-15. 
-17. 
- 30. 
-8. 
12. 

2. 
-8. 

-17. 
-14. 

-9 . 
-30. 
-16. 
-19. 
-19. 
-19 . 

1. 
-11. 
-9. 
-6. 
-7. 
-4. 
-6 . 

-20. 
-19. 
-20. 

o . 
-11. 
-27 . 
-29 . 
-34. 
-30. 
-17 . 

-8 . 
o. 

-1. 
- 8 . 
-7 . 

-11. 
-10. 
-10. 
-36. 
-50 . 
-60 . 
-15 . 
-15 . 

-5 . 
-27 . 
-18. 

4 . 
-55. 

2000 

-8 . 
-15. 
-17 . 
-20 . 
-33. 
-10 . 

8 . 
-2 . 

-11. 
-22 . 
-17 . 
-11. 
-36 . 
-19. 
- 22 . 
-23 . 
-24 . 

o. 
-13 . 
-10. 
-7. 
-8. 
-4 . 
- 6 . 

- 22. 
-21. 
-21 . 

o. 
- 14 . 
- 3 0 . 
- 32. 
-3 7 . 
-33 . 
-19 . 
-10 . 

- 1. 
- 2 . 

-11. 
- 9. 

-13 . 
-12 . 
- 12 . 
- 4 1. 
- 53 . 
- 65 . 
- 16 . 
-16 . 

- 5. 
- 29 . 
- 20. 

4 . 
- 55 . 

Year 
20 0 5 

- 15 . 
- 19 . 
- 20. 
- 22. 
-38 . 
-12. 

3. 
-7. 

-13. 
-27. 
-21. 
-14 . 
-40 . 
-22. 
-26. 
-27. 
-28. 

o. 
-14. 
-11. 
-8. 
-9. 
-5. 
-7 . 

-23. 
-22. 
-22. 

o. 
-15. 
-31. 
-33. 
-39. 
-35. 
-20. 
-11. 
-1. 
-2. 

-11. 
-9. 

-14. 
-13 . 
-13 . 
-43 . 
-54. 
-66. 
-17. 
-17 . 
-6. 

-31. 
-21. 

4. 
-55. 

192 

2010 

-19. 
-21. 
- 22 . 
-24 . 
-40. 
-13 . 

1. 
- 10 . 
-15. 
-31 . 
-23 . 
-16 . 
-42. 
-23 . 
-28 . 
-29. 
- 30 . 

o. 
-15 . 
-11. 

-8 . 
-9. 
-5 . 
-8 . 

-23 . 
-22 . 
-23 . 

o . 
-16 . 
-33. 
-35. 
-40 . 
-36. 
-21. 
-11 . 
-1. 
- 2. 

-12 . 
-9 . 

-14. 
-13 . 
-13 . 
-45 . 
-55 . 
-68. 
-17 . 
-17 . 

-6. 
-3 2. 
-21. 

4. 
-55 . 

2015 

-21. 
-23 . 
-23. 
-25 . 
-42. 
-14 . 
-1. 

-12 . 
-16. 
-32. 
-24. 
- 16 . 
-44. 
-24. 
- 29. 
-30. 
-32. 

o. 
-15. 
-12. 
-9. 
-9. 
-5. 
-8 . 

-24 . 
-23. 
-23. 

o. 
- 17 . 
- 33. 
-35. 
-41. 
-37 . 
-21. 
- 12. 

-1. 
-2 . 

-12. 
- 10. 
-15. 
-14 . 
-14 . 
- 46. 
-55. 
-69 . 
-17. 
-17. 
-6. 

-33 . 
-22. 

4. 
- 55 . 

2020 

-23. 
-24. 
-24. 
-26 . 
-44. 
-15. 
-3. 

-14. 
-17. 
-34 . 
-25 . 
-17 . 
-46. 
-25. 
-31. 
-32 . 
-33 . 

-1. 
-16 . 
-12. 

-9 . 
-10 . 

- 5. 
-8. 

-24. 
-23. 
-24 . 

o. 
- 17 . 
-34 . 
-36 . 
-42 . 
-38 . 
-22 . 
-12 . 
-1. 
-3. 

-13 . 
-10 . 
-15. 
-14 . 
-14 . 
-47 . 
-56 . 
-71. 
- 18. 
-18. 

- 6 . 
-34 . 
-23. 

4 . 
-55 . 

Layer Row Column 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2 
2 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2 

15 
18 
17 
17 
18 
16 
20 
22 
23 
22 
21 
22 
31 
31 
28 
30 
27 
33 
36 
40 
39 
39 
40 
39 
47 
47 
47 
33 
36 
44 
45 
45 
43 
42 
52 
57 
57 
51 
53 
55 
54 
54 
48 
50 
58 
60 
60 
65 
65 
66 
68 
26 

11 
19 
20 
21 
21 
20 
16 
16 
23 
19 
22 
23 
11 
24 
23 
22 
22 
13 
29 
29 
32 
28 
38 
36 
31 
32 
30 
42 
13 
24 
24 
23 
21 
24 
13 
12 
13 
11 
13 
16 
16 
16 
21 
29 
27 
39 
39 
24 
40 
39 
42 
45 
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Appendix R. 

Map 
number 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
3 1 
32 
33 
34 
35 
36 
37 
38 
39 
40 
4 1 
42 
4 3 
44 
45 
46 
47 
48 
49 
50 

Well 
number 

AA Cf 122 
AA Cg 25 
AA De 102 
AA Df 86 
AA Df 98 
AA Df 103 
AA Ed 45 
AA Ed 49 
AA Ee 14 
AA Ee 32 
AA Ee 67 
AA Ef 3 
AA Ef 17 
AA Fe 28 
AA Fd 43 
AA Fd 46 
AA Fe 46 
AA Fe 48 
AA Fe 52 
AA Ge 2 
AA Gs 5 
CA Ba 11 
CA Ba 13 
CA Bb 27 
CA Bb 33 
CA Be 9 
CA Be 25 
CA Be 29 
CA Be 44 
CA Be 32 
CA Ca 
CA Ca 12 
CA Cb 26 
CA Cb 32 
CA Cb 37 
CA Ce 18 
CA Ce 39 
CA Ce 57 
CA Ce 58 
CA Db 5 
CA Db 11 
CA Db 12 
CA Db 16 
CA Db 19 
CA Db 40 
CA Db 47 
CA Db 86 
CA Db 87 
CA De 17 
CA De 26 

Projected water levels in selected Aquia wells obtained by simulating current (1995) average annual ground-water 
appropriation rates from 1995 to 2020 

[map · numbers located in figure 19] 

Year 
2005 

Layer Row Column Map 
number 

Well 
number 

Year 
2005 

Layer Row Column 
1995 

4. 
l. 
8 . 
l. 
2. 
1. 

23. 
18. 

1. 
-5. 
-4 . 

o. 
-2. 
-9. 

-22. 
-10. 
-12. 
-14 . 
-16. 
-28 . 
-27. 
-18. 
-15 . 
-18 . 
-19. 
-35. 
-35. 
-35. 
-36. 
-28. 
-23. 
-19. 
-25. 
-28. 
-37 . 
-30 . 
- 3l. 
-34 . 
-29. 
-52. 
-46. 
-45. 
-39. 
-46. 
-46. 
-5l. 
-59. 
-53. 
-49. 
-46. 

2000 

4. 
l. 
7 . 
l. 
1. 
l. 

22. 
17. 

O. 
-6. 
-5. 

o. 
-2. 

-1l. 
-24. 
-12. 
-12. 
-15. 
-17. 
-30. 
-29. 
- 21. 
-18. 
-2l. 
-23. 
-37. 
-37. 
-37. 
-38. 
-30. 
-28. 
-24. 
-30. 
-33. 
-43. 
-34 . 
-34. 
-40. 
-33. 
-59. 
- 52. 
- 5l. 
-45. 
-52. 
- 53. 
-58. 
-65. 
-60. 
-55. 
- 52. 

3. 
l. 
7. 
l. 
l. 
l. 

2l. 
16. 

O. 
-6 . 
-6. 

-l. 
-3. 

-12. 
-26. 
- 14 . 
-13 . 
-17. 
-19. 
-32. 
-32. 
-26. 
-23. 
-26. 
-28. 
-39. 
-39. 
-39. 
-42. 
-34. 
-34. 
-29. 
-36. 
-39. 
-50. 
-39. 
-40 . 
-46. 
-39. 
-65. 
-58. 
-56. 
-5l. 
-58. 
-59. 
-64. 
-72 . 
-66. 
-62. 
- 59. 

2010 

3. 
l. 
7. 
1. 
l. 
l. 

21. 
16. 
-l. 
-7 . 
-6. 
-l. 
-3. 

-13. 
-27. 
-15. 
-14 . 
-18. 
-20. 
-34. 
-33. 
-29. 
-26. 
-29. 
-30. 
-4l. 
-4l. 
-4l. 
-43. 
-36. 
-37. 
-32. 
-40. 
-42. 
-54. 
-42. 
- 43 . 
- 50. 
-42. 
-69. 
-6l. 
-59. 
- 54. 
- 6l. 
-62. 
-67. 
-76. 
-70. 
-66. 
-63. 

2015 

3. 
1. 
7. 
1. 
l. 
l. 

20. 
15. 
-l. 
-7. 
-7. 
-l. 
- 3. 

-14. 
-28. 
-16. 
-14 . 
-18. 
-2l. 
- 35. 
-34. 
-30. 
-28. 
-3l. 
-32. 
-42. 
-42. 
-42. 
-45. 
-37. 
-39. 
-33. 
-42. 
-44. 
- 56. 
-44. 
-45. 
-52. 
-44. 
-72 . 
- 63. 
- 6l. 
- 56. 
-63. 
-64. 
-70. 
-78. 
-72. 
-68. 
-66. 

2020 

3. 
l. 
6. 
l. 
1. 
l. 

20 . 
15. 
-l. 
-8. 
-7. 
-1 . 
-3. 

-15. 
-30. 
-17. 
- 15. 
-19. 
-22. 
-36. 
-36. 
-32 . 
-30. 
-32. 
-34. 
-43. 
-43. 
-43. 
-46. 
-39. 
-4l. 
-35. 
-44. 
-4 7 . 
-59. 
-45. 
-46. 
-55 
-46. 
-75. 
-66. 
- 64. 
- 59. 
-66. 
-67. 
-72. 
- 8l. 
-75. 
-71. 
- 69. 

3 

3 
3 
3 
3 
3 
3 
3 
3 
3 

3 
3 

3 
3 

2 
2 
3 
3 

4 
5 
4 
7 
7 
4 
5 
9 

13 
11 
10 
11 
11 
16 
16 
15 
17 
16 
17 
17 
17 
17 
18 
17 
22 
22 
22 
24 
25 
21 
21 
24 
21 
28 
30 
31 
27 
30 
30 
29 
28 
28 
28 
27 

33 
38 
21 
29 
28 
31 
13 
14 
23 
22 
21 
26 
26 

8 
18 
13 
24 
20 
19 
22 
20 
10 

11 
14 
23 
23 
23 
23 
19 
10 

14 
11 
17 
23 
22 
19 
19 
18 
12 
11 
12 
12 
14 
17 
17 
16 
19 
19 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 

CA De 29 
CA Eb 4 
CA Ed 4 
CA Ed 42 
CA Ed 47 
CA Fd 1 
CA Fd 54 
CA Fd 68 
CA Fd 69 
CA Fd 70 
CA Fe 18 
CA Fe 19 
CA Fe 20 
CA Fe 21 
CA Fe 30 
CA Gd 6 
CA Gd 7 
PG Fe 36 
PG Gd 3 
PG Hf 35 
PG Hf 42 
CH Bg 11 
CH Ce 41 
CH Ce 47 
CH Cg 20 
CH Cg 21 
CH Ch 15 
CH Df 17 
CH Ff 59 
SM Bb 4 
SM Bb 5 
SM Bb 9 
SM Bb 15 
SM Be 2 
SM Be 
SM Be 26 
SM Ca 
SM Ca 
SM Cb 1 
SM Cb 
SM Cb 14 
SM Ce 8 
SM Ce 13 
SM Ce 18 
SM Ce 22 
SM Cd 14 
SM Ce 34 
SM Db 1 
SM Db 2 
SM Db 5 
SM Db 10 
SM Db 18 
SM Db 28 

1995 

-47. 
-47. 
-74 . 
-86. 

-106. 
-113 . 

-96. 
-132. 
-132. 
-113 . 
-139. 
-100. 
-100. 
-109. 
-120. 
-132. 
-118. 

13. 
-11. 
-35. 
-32. 
-16. 
-22. 
-19 . 
-29. 
-4l. 
-45. 
-34. 
-15 
-52 
-5l. 
-52. 
-47. 
-5l. 
-51. 
-54. 
-34. 
-35. 
-55. 
- 59. 
-56. 
- 53. 
-53. 
-50. 
-52. 
-48. 
-72. 
-26. 
-32. 
-35. 
-3l. 
- 30. 
-33. 

2000 

- 52. 
-54. 
-8l. 
-93. 

-112. 
-119. 
-103. 
-138. 
-138. 
-119 . 
-145. 
-107 . 
-107. 
-116. 
-126. 
-138. 
-124. 

10. 
-14. 
-40. 
-38. 
-21. 
-25 . 
-22. 
- 34. 
-47. 
-52. 
-39 . 
-16. 
-59 . 
-58. 
-59. 
-54. 
-58. 
-58. 
- 6l. 
-37. 
-39. 
- 6l. 
-66. 
- 62. 
- 59. 
-60. 
-57. 
-58. 
-54. 
-78. 
-29. 
-34. 
-39. 
-34. 
-33. 
-35. 

-58. 
-59. 
-87. 
-99. 

-119. 
-122. 
-109. 
-142. 
-142. 
-124. 
-150. 
-113 . 
-113. 
-122. 
-132. 
-142. 
-129. 

8. 
-17. 
-45. 
-43. 
-24. 
-26. 
-24. 
-37. 
-50. 
-56. 
-4l. 
-17. 
-63. 
- 6l. 
-63. 
-57. 
- 62. 
- 6l. 
-64. 
-39. 
-40. 
-64. 
-68. 
-65. 
-62. 
-63. 
-59. 
-6l. 
-58. 
-8l. 
-30. 
-35. 
-4l. 
-35. 
-33. 
-36. 

2010 

- 62. 
- 62. 
-90. 

-102. 
-122. 
-125. 
-112. 
-145. 
-145. 
-127. 
-152. 
-116. 
-116. 
-125. 
-135. 
-145. 
-131. 

7. 
-19. 
-48. 
-45. 
-25. 
-27. 
-25. 
-39. 
-52. 
-59. 
-42. 
-17. 
-65. 
- 63. 
-65. 
- 59. 
-65. 
-64. 
-66. 
-39 . 
-4l. 
-66. 
-7l. 
-67. 
-64. 
-65. 
- 6l. 
- 62. 
- 60. 
- 83. 
-3l. 
-35. 
-42. 
-36. 
-34. 
-37. 

2015 

- 64. 
-64. 
-92. 

-104. 
-124. 
-126. 
-114 . 
-147. 
-147. 
-128. 
-154. 
-118. 
-118. 
-126. 
-13 6. 
-147. 
-133. 

6. 
-20. 
-50. 
-47. 
-26. 
-28. 
- 2 6. 
-40. 
-53. 
-6l. 
-43. 
-17. 
-67. 
-64. 
-67. 
-60. 
-67. 
-66. 
-68. 
-40. 
-4l. 
-68. 
-72 . 
-68. 
- 66. 
-67. 
- 63. 
-63. 
- 6l. 
- 84. 
-32. 
-36. 
-43. 
-37. 
-34. 
-37. 

2020 

-66. 
- 66. 
-94. 

-107. 
-127. 
-128. 
-116. 
-148. 
-148. 
-130. 
-156. 
-120. 
-120. 
-129. 
-138. 
-148. 
-134. 

5. 
-2l. 
-52. 
-49. 
-28. 
-29. 
-27. 
-42. 
-56. 
-64. 
-45 . 
-18. 
-70. 
-67. 
-70. 
-62. 
-7l. 
-70. 
-72. 
-42. 
-43. 
-72 . 
-77. 
-72. 
-70. 
-7l. 
-65. 
-66 . 
- 64. 
-86. 
-33. 
- 3 7 . 
-45. 
- 3 8. 
-35. 
-38. 

3 
3 
3 
3 
3 

30 
33 
34 
36 
35 
45 
39 
44 
44 
42 
42 
39 
39 
40 
41 
44 
45 
15 
20 
28 
27 
25 
29 
28 
28 
31 
31 
33 
55 
33 
32 
34 
33 
34 
34 
37 
41 
39 
41 
39 
39 
40 
38 
39 
43 
37 
43 
52 
47 
48 
50 
48 
46 

25 
18 
30 
31 
32 
30 
33 
32 
32 
32 
37 
36 
36 
36 
37 
32 
32 

4 

9 
3 
1 
1 
3 
3 

4 
5 
3 
9 

4 
3 
6 
6 
9 
9 

15 
20 

3 
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Appendix R. 

Map 
number 

104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 

Well 
number 

SM Db 29 
SM Db 32 
SM Dc 1 
SM Dc 3 
SM Dc 4 
SM Dc 12 
SM Dc 30 
SM Dc 36 
SM Dc 37 
SM Dc 38 
SM Dc 39 
SM Dc 42 
SM Dc 58 
SM Dc 59 
SM Dd 1 
SM Dd 2 
SM Dd 23 
SM Dd 44 
SM Dd 47 
SM Dd 49 
SM Dd 50 
SM Dd 51 
SM Df 1 
SM Df 
SM Df 
SM Df 10 
SM Df 42 
SM Df 61 
SM Df 62 
SM Df 71 
SM Df 80 
SM Df 86 
SM Dg 
SM Dg 3 
SM Dg 6 
SM Dg 10 
SM Ec 14 
SM Ef 69 
SM Fe 31 
SM Ff 21 
QA Eb 113 
DO Db 18 
DO Db 19 

Projected water levels in selected Aquia wells obtained by simulating current (1995) average annual ground-water 
appropriation rates from 1995 to 2020-Continued 

1995 2000 

-35. -39. 
-33 . -35. 
- 5I. -55. 
- 53 . -57. 
-49 . -53. 
-45. -50. 
-47. -52. 
-56. - 6I. 
-46 . -52 . 
-47 . -52 . 
-40. -45 . 
-4 7 . -52. 
-47. - 52. 
-40 . -45. 
-79. -85. 
-82. -87. 
-89 . - 95. 
-60. -65. 
-58. -62. 
-76. -82. 
- 8I. -87 . 
- 63 . -68. 

-134. -139. 
-140. -145. 
-132. -137. 
-12I. -126. 
-156. - 162. 
-140 . - 145. 
-147. -15 2. 
-13I. - 137. 
-118 . -122. 
-143. -148 
-110. -115. 
-110 . -115. 
-104. -109 . 
-119. - 124. 

-28. -3I. 
-78 . -83. 
-6 7. -73 . 
-68 . -73. 

2. 2. 
-48 . - 54. 
-44 . - 50. 

Year 
2005 

-41. 
-36 . 
-57. 
- 59. 
-55. 
-5 2. 
-53. 
-63. 
-53 . 
-53 . 
-46 . 
-53. 
-53. 
-46. 
-86. 
- 89. 
-97. 
-66. 
-63. 
-83. 
-89. 
- 69. 

-14I. 
-147. 
-139. 
-129. 
-163 . 
-14 7. 
-154. 
-139 . 
-124. 
-150. 
-117. 
-117. 
-l1I. 
-126 . 

-32. 
-84. 
-74. 
-74 . 

2. 
-58. 
- 54. 

2010 

-42. 
-37 . 
-58 . 
-60. 
-55 . 
- 53 . 
- 54. 
- 64. 
-55 . 
-54 . 
-47 . 
-54. 
-54. 
- 47. 
-88 . 
-90. 
-98 . 
-67 . 
-64. 
-85 . 
-90. 
-7 0. 

-142 . 
-149. 
-141. 
-130. 
-165 . 
-149. 
-155. 
-140. 
-126 . 
-152 . 
-11 8. 
-11 8. 
-113 . 
-127. 

-33 . 
-85. 
- 74. 
-75 . 

2 . 
-60 . 
- 56 . 

2015 

-43. 
- 37 . 
-58. 
-60. 
-56. 
-54. 
-55. 
-65. 
-56. 
-55. 
-48. 
-55. 
-55. 
-48. 
-88 . 
-9I. 
-99. 
-67. 
-65. 
-85. 
- 9I. 
- 7I. 

-143. 
-150. 
-142. 
-131. 
-166. 
-150. 
-156. 
-14I. 
-126. 
- 153. 
-119. 
-119. 
-114. 
-128. 

-33. 
-86. 
-75. 
- 76. 

2. 
- 6I. 
-57. 

2020 

-45. 
-38. 
-60 . 
-62. 
-57. 
-57. 
-56. 
-67. 
-58. 
-56. 
-49. 
-56. 
-56. 
-50. 
-90. 
- 93. 

-100. 
- 69. 
-66. 
-87. 
-93. 
-72 . 

-144. 
-15I. 
-143. 
-132. 
-167. 
-15I. 
-158. 
-143. 
-127. 
-154. 
-120. 
-12 0. 
-115. 
-129. 

- 34. 
-87. 
-76. 
-77 . 

2 . 
-62. 
-58. 

Layer Row Column 

3 

48 
46 
53 
52 
54 
47 
51 
47 
46 
52 
51 
52 
52 
49 
50 
51 
50 
55 
57 
53 
49 
53 
54 
54 
53 
52 
56 
54 
54 
55 
55 
54 
54 
54 
51 
54 
58 
62 
65 
64 

34 
33 

9 
7 

12 
13 
13 
11 
12 
16 
12 
11 
33 
31 
32 
33 
32 
31 
30 
29 
35 
32 
38 
38 
39 
36 

34 
26 
33 
43 
42 
42 



Appendix S. 

Map 
number 

1 
2 
3 
4 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
4 1 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 

Well 
number 

CA Bb 29 
CA Be 7 
CA Be 8 
CA Be 16 
CA Be 17 
CA Be 10 
CA Cb 28 
CA Cb 31 
CA Ce 33 
CA Ce 37 
CA Ce 53 
CA Ce 64 
CA Db 43 
CA De 11 
CA De 13 
CA De 16 
CA De 24 
CA Eb 6 
CA Ed 34 
CA Fd 34 
CA Fd 51 
CA Fd 52 
CA Fe 16 
CA Fe 22 
CA Gd 5 
CA Gd 12 
CA Gd 40 
DO Db 17 
SM Bd 
SM Ce 
SM Ce 
SM Ce 7 
SM Ce 16 
SM Ce 42 
SM Dd 
SM Dd 
SM Dd 7 
SM Dd 11 
SM Dd 16 
SM Dd 46 
SM Dd 62 
SM Dd 63 
SM De 41 
SM Df 66 
SM Ef 57 
SM Eg 28 
SM Eg 27 
SM Fe 30 
SM Fg 2 
SM Fg 45 
SM Gh 
DO Ce 

Projected water levels in selected Piney Point
Nanjemoy wells obtained by simulating current 
(1995) maximum-month ground-water appro
priation rates used as annual average 
rates from 1995 to 2020 

[map number. located in figure 18] 

Year 
2005 

Layer Row Column 
1995 

-6. 
-17. 
-20. 
-22. 
-37 . 
-11 . 

8. 
-1. 

-10. 
-22 . 
-17. 
-10 . 
-37. 
-23 . 
-25. 
-25. 
-25. 

o. 
-18. 
-14. 
-11. 
-11. 
-6. 
-9. 

-29. 
-28. 
- 27. 

o. 
-15. 
-36. 
-38. 
-45. 
-40. 
-23. 
-12. 

-2. 
-3. 

-13 . 
-11. 
-16. 
-15. 
-15. 
-47. 
-70. 
-79. 
-18. 
-18. 

- 6. 
-29. 
-19. 

4. 
-55. 

2000 

-11. 
-22. 
-24. 
-26. 
-42. 
-14 . 

2. 
-9. 

-14. 
-30. 
-21. 
-13 . 
-49. 
-29. 
-32. 
-34. 
-33. 
-1. 

-21. 
-16. 
-13. 
-13 . 
-7. 

-10. 
-32. 
-30. 
-30. 

o. 
-21. 
-42. 
-45. 
-53. 
-48. 
-27. 
- 19. 

-3. 
-4. 

-20. 
-15. 
-21. 
-2I. 
-2I. 
-5 9. 
-77. 
-89. 
-21. 
-2I. 

- 7. 
-32. 
- 22. 

4. 
-55. 

-18. 
- 27 . 
-27. 
-29 . 
-47. 
-16. 
-3. 

-15 . 
-17 . 
-36. 
-25. 
-16. 
- 53 . 
- 32. 
-36. 
-38 . 
-38 . 

-2 . 
-22. 
-17. 
-14. 
-14. 
-7. 

-lI. 
-33. 
- 31. 
-32. 
-1. 

-22. 
-43. 
-46. 
-55. 
-50. 
-28. 
-19. 

-3. 
-5. 

-2I. 
-16. 
-22. 
-22. 
-22. 
-6I. 
-78. 
-9I. 
-22. 
-22. 
-7. 

-33. 
-22. 

4. 
-55. 

195 

2010 

-21. 
-28. 
-28. 
-30. 
-49. 
-17 . 
-5. 

-16. 
-17. 
-37. 
-27. 
-18. 
-53. 
-33. 
-37. 
-40. 
-38. 
-2. 

-22. 
-17. 
-14. 
-14. 
-7. 

-lI. 
-33 . 
- 31. 
-32. 
-1. 

-22 . 
- 43. 
- 46. 
- 5 6 . 
-5I. 
-28. 
-19. 
-3. 
-5. 

-21. 
-16 . 
-22. 
-22. 
-22. 
- 61. 
-78. 
-92. 
-22. 
-22. 
-7. 

-34. 
-23. 

4. 
-55. 

2015 

-24 . 
-30. 
-3 0. 
-31. 
-51 . 
- 18. 
-7. 

-19 . 
-19. 
-40. 
-29. 
-19 . 
-56 . 
-34. 
-39. 
-42. 
-41. 
-2. 

-23 . 
-18. 
-15 . 
-14 . 
-8. 

-12. 
-34. 
-32. 
-33. 
-1. 

-24. 
-45. 
-48. 
-57. 
-52. 
-29. 
-20. 
-3. 
-5. 

- 22. 
- 17. 
-23. 
-22. 
-22. 
-64. 
-79. 
-94 . 
-23. 
-23. 
-7. 

-35. 
-24. 

4. 
-55. 

2020 

-26. 
-32. 
-31. 
-32. 
-53. 
-19. 

- 9. 
-21. 
-20. 
-43. 
-30. 
-20. 
-59. 
-35. 
-40. 
-43. 
-43. 

- 2. 
-24. 
-18 . 
-15. 
-15. 
-8. 

-13 . 
-34. 
-33. 
-33. 
-1. 

-25. 
-46. 
-49. 
-58. 
-53. 
-30. 
-21. 

- 3. 
-5. 

-22. 
-17. 
-23. 
-23. 
-23. 
-65. 
-80. 
-95. 
-23. 
-23. 
-7. 

-36. 
-25 .. 

4. 
-55. 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2 

2 

2 
2 

2 
2 

2 
2 
2 
2 

15 
18 
17 
17 
18 
16 
20 
22 
23 
22 
21 
22 
31 
31 
28 
30 
27 
33 
36 
40 
39 
39 
40 
39 
47 
47 
47 
33 
36 
44 
45 
45 
43 
42 
52 
57 
57 
51 
53 
55 
54 
54 
48 
50 
58 
60 
60 
65 
65 
66 
68 
26 

11 
19 
20 
21 
21 
20 
16 
16 
23 
19 
22 
23 
11 
24 
23 
22 
22 
13 
29 
29 
32 
28 
38 
36 
31 
32 
30 
42 
13 
24 
24 
23 
21 
24 
13 
12 
13 
11 
13 
16 
16 
16 
21 
29 
27 
39 
39 
24 
40 
39 
42 
45 
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AppendixT. 

Map 
number 

1 
2 
3 
4 
5 

8 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

Well 
number 

AA Cf 122 
AA Cg 25 
AA De 102 
AA Df 86 
AA Df 98 
AA Df 103 
AA Ed 45 
AA Ed 49 
AA Ee 14 
AA Ee 32 
AA Ee 67 
AA Ef 3 
AA Ef 17 
AA Fe 28 
AA Fd 43 
AA Fd 46 
AA Fe 46 
AA Fe 48 
AA Fe 52 
AA Ge 
AA Ge 5 
CA Ba 11 
CA Ba 13 
CA Bb 27 
CA Bb 33 
CA Be 9 
CA Be 25 
CA Be 29 
CA Be 44 
CA Be 32 
CA Ca 2 
CA Ca 12 
CA Cb 26 
CA Cb 32 
CA Cb 37 
CA Ce 18 
CA Ce 39 
CA Ce 57 
CA Ce 58 
CA Db 5 
CA Db 11 
CA Db 12 
CA Db 16 
CA Db 19 
CA Db 40 
CA Db 47 
CA Db 86 
CA Db 87 
CA De 17 
CA De 26 

Projected water levels in selected Aquia wells obtained by simulating current (1995) maximum-month ground-water 
appropriation rates used as annual average rates from 1995 to 2020 

{map numberB located in figure 19] 

Year 
2005 

Layer Row Column Map 
number 

Well 
n1.unber 

Year 
2005 

Layer Row Column 
1995 

4. 
l. 
8. 
l. 
2. 
l. 

23. 
18 . 

O. 
- 5. 
-5. 

O. 
- 2. 
-9. 

-24. 
-1l. 
- 12 . 
-15. 
-17. 
-34 . 
-32 . 
-2l. 
-18. 
-2l. 
-23. 
-45. 
-45. 
-45. 
-46. 
-35. 
-28. 
-23 . 
-3l. 
-34. 
- 46. 
- 38. 
-38. 
-42 . 
-35. 
-67. 
-58. 
-57. 
-48. 
-58 . 
- 59. 
-6 5 . 
-78. 
- 69. 
- 62. 
-58. 

2000 

4. 
l. 
7. 
l. 
l. 
l. 

2l. 
16 . 

O. 
- 6. 
-6 . 
- l. 
- 3. 

-12 . 
-27. 
-14 . 
-13 . 
-17. 
-19. 
-36. 
-35 . 
-25. 
-23. 
-26. 
-29. 
-48. 
-48. 
-48 . 
-49. 
-39. 
-36. 
-3l. 
-39 . 
-44. 
-57. 
-44. 
-44. 
- 52. 
-43. 
-80. 
-71. 
-70. 
-60. 
-71. 
-73. 
-79. 
-90. 
-82. 
-74. 
-70. 

3. 
l. 
7. 
l. 
l. 
l. 

2l. 
16. 
-l. 
-7 . 
-6 . 
-l. 
- 3. 

-14 . 
-29. 
-16 . 
-14 . 
-18. 
-2l. 
-39. 
-38 . 
-30. 
-28. 
-3l. 
-34. 
-5l. 
-5l. 
-5l. 
-53. 
-43. 
-42 . 
-3 7. 
- 46. 
-50 . 
-64. 
-49 . 
-50 . 
-59 . 
-49 . 
-87 
-77. 
-75. 
-66. 
-77 . 
-78. 
-84. 
-97. 
-88 . 
- 8l. 
- 77. 

2010 

3. 
1. 
7 . 
l. 
l. 
l. 

20. 
15. 
-l. 
- 7. 
-7 . 
-l. 
-3 . 

-15. 
-30. 
-17 . 
-15 . 
-19 . 
-22 . 
-40. 
-39. 
-32. 
-30. 
-34 . 
-36. 
-52. 
-52 . 
-52. 
-54. 
-44 . 
-44. 
-38. 
-48. 
-5l. 
-65. 
-50 . 
- 5l. 
-59. 
- 50. 
-90 . 
-77. 
-77. 
-67. 
-77. 
-78. 
- 84. 
-97. 
-88. 
-84. 
-77. 

2015 

3. 
l. 
6 . 
l. 
l. 
l. 

20. 
15. 
- l. 
-8. 
-7. 
-l. 
- 3. 

-16 . 
-3l. 
-18 . 
-15 . 
-20. 
-23. 
- 4l. 
-4l. 
-35. 
- 33. 
-36. 
-38 . 
-53. 
-53. 
-53. 
-55 . 
-46. 
-48 . 
-4l. 
-5l. 
-55 . 
-70 . 
-5 3. 
-54. 
-65 . 
-54. 
-93. 
-82 . 
- 80. 
-72 . 
-82 . 
- 84. 
-9l. 

-103. 
-94 . 
-88 . 
- 83. 

2020 

3. 
l. 
6. 
l. 
l. 
O. 

19 . 
14 . 
-l. 
-8. 
-8. 
-l. 
-3. 

-17. 
-33. 
-19 . 
-16. 
-2l. 
-23. 
-42. 
-42. 
-36 . 
-34. 
-38. 
-40. 
-54 . 
-54 . 
-54 . 
-57. 
-47. 
-50. 
-43. 
-54. 
-58. 
-73. 
-55. 
-56. 
-67. 
-56. 
-96. 
-85. 
-83. 
-75. 
-85. 
-87. 
-93. 

-106. 
-97. 
-90. 
-86. 

3 
3 
3 
3 
3 
3 
3 
3 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

3 
3 
3 
3 
3 
3 

3 
3 

3 
3 
4 
5 
4 
7 
7 
4 
5 
9 

13 
11 
10 
11 
11 
16 
16 
15 
17 
16 
17 
17 
17 
17 
18 
17 
22 
22 
22 
24 
25 
21 
21 
24 
21 
28 
30 
31 
27 
30 
30 
29 
28 
28 
28 
27 

33 
38 
21 
29 
28 
31 
13 
14 
23 
22 
21 
26 
26 

8 
18 
13 
24 
20 
19 
22 
20 
10 

9 
11 
14 
23 
23 
23 
23 
19 
10 

9 
14 
11 
17 
23 
22 
19 
19 
18 
12 
11 
12 
12 
14 
17 
17 
16 
1 9 
19 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 

CA De 29 
CA Eb 4 
CA Ed 4 
CA Ed 42 
CA Ed 47 
CA Fd 1 
CA Fd 54 
CA Fd 68 
CA Fd 69 
CA Fd 70 
CA Fe 18 
CA Fe 19 
CA Fe 20 
CA Fe 21 
CA Fe 30 
CA Gd 6 
CA Gd 
PG Fe 36 
PG Gd 
PG Hf 35 
PG Hf 42 
CH Bg 11 
CH Ce 41 
CH Ce 47 
CH Cg 20 
CH Cg 21 
CH Ch 15 
CH Df 17 
CH Ff 59 
SM Bb 4 
SM Bb 5 
SM Bb 9 
SM Bb 15 
SM Be 
SM Be 3 
SM Be 26 
SM Ca 1 
SM Ca 
SM Cb 1 
SM Cb 
SM Cb 14 
SM Ce 
SM Ce 13 
SM Ce 18 
SM Ce 22 
SM Cd 14 
SM Ce 34 
SM Db 1 
SM Db 
SM Db 
SM Db 10 
SM Db 18 
SM Db 28 

1995 

-6l. 
-62. 

-11 l. 
-128. 
-168. 
-165. 
-143. 
-198 . 
-198. 
-174. 
- 195 . 
-145. 
-145 . 
-159. 
-176. 
-198. 
-175. 

12. 
-12. 
-44. 
-4l. 
-20. 
-24. 
-2l. 
-35. 
-53. 
-57. 
-42. 
-18. 
- 69. 
- 69. 
-68 . 
-63. 
-64. 
-64. 
-68 . 
-48. 
-54. 
-68. 
-73 . 
- 7l. 
-66. 
-67. 
-65. 
- 69. 
-63. 

-101. 
-33. 
-38 . 
-43. 
-38 . 
-36. 
-39. 

2000 

-73. 
-75. 

-125. 
-143. 
-182. 
-179. 
-157. 
-21l. 
-21l. 
-188. 
-209. 
-160. 
-160. 
-174 . 
-190. 
-211. 
-188. 

8. 
-19. 
-56. 
-52 . 
-30. 
- 32. 
-29. 
-48. 
-68. 
-70. 
-55 . 
-2l. 
-85. 
-85. 
-84 . 
-78. 
-79. 
-79. 
-84. 
-56. 
-63. 
-80. 
-87. 
-84. 
-80 
-83. 
-80. 
-83. 
-77. 

-115. 
-40. 
-44. 
- 52. 
-46. 
-4l. 
-46. 

-79. 
-80. 

-13l. 
-149. 
-188. 
-182. 
-163. 
-216. 
-216. 
-193. 
-214. 
-166. 
-166. 
-179 . 
-196. 
-216 . 
-192 . 

5. 
-22 . 
-60. 
-57. 
-33. 
-34. 
-3l. 
- 5l. 
-7l. 
-75. 
-57. 
-2l. 
-88. 
-88. 
-87. 
-82. 
-83 . 
-83. 
-87. 
-5 7. 
-65. 
-83. 
- 90. 
-87. 
-83. 
-86. 
-83. 
-86. 
-8l. 

-118. 
-4l. 
-45. 
-54. 
-47. 
-42. 
-47. 

2010 

-8l. 
-82. 

-133. 
-150. 
-190. 
-184. 
-166 . 
-219. 
-219. 
-195. 
-215 . 
-168. 
-168. 
-18l. 
-198. 
-218 . 
-194. 

4. 
- 24. 
- 6l. 
-57 . 
-34 . 
-35 . 
-32 . 
- 52. 
-72 . 
-75 . 
-58. 
-21. 
-89. 
-89. 
-88. 
-82. 
- 85. 
- 85. 
-87 . 
-57 . 
-65 . 
-84. 
-9l. 
-88 . 
- 84 . 
-86 . 
-85. 
-87. 
- 83. 

-119. 
-4l. 
-45. 
- 54. 
-4 7. 
-42 . 
-47 . 

2015 

-84. 
-85 . 

-136 . 
-154 . 
-194. 
-186 . 
-168. 
-220 . 
-220 . 
-197. 
-2 18 . 
-171. 
-17l. 
-184. 
-200. 
-220. 
- 196. 

3. 
-25. 
-65. 
- 6l. 
-36. 
-36. 
-33 . 
- 54. 
-74. 
-79 . 
-60. 
-22. 
-92. 
-92. 
- 9l. 
-85. 
-87 . 
-87. 
-9l. 
- 59. 
-66. 
-87. 
-94. 
-9l. 
-87. 
-90 . 
-8 7. 
-89. 
-84. 

-12 1 . 
-42. 
-46. 
-56. 
-48. 
- 43. 
-48 . 

2020 

-87. 
-88. 

-139. 
-157. 
-196 . 
-188 . 
-170. 
-222. 
-222. 
-199. 
-220. 
-173 . 
-173 . 
-186. 
-202. 
-222. 
-198 . 

2. 
-26. 
-67 . 
-64 . 
- 37. 
-37. 
-34. 
-56. 
-77. 
-82 . 
- 6l. 
- 22. 
-96 . 
-94. 
-95. 
-87 . 
-9l. 
-91. 
- 95. 
-60 . 
-68. 
- 9l. 
-99. 
-95. 
-9l. 
-94. 
-90. 
-9l. 
-87 . 

-123 . 
-43. 
-47 . 
-58 . 
-50. 
-44 . 
-49 . 

3 
3 
3 
3 
3 

3 
3 
3 

3 
3 

30 
33 
34 
36 
35 
45 
39 
44 
44 
42 
42 
39 
39 
40 
41 
44 
45 
15 
20 
28 
27 
25 
29 
28 
28 
31 
31 
33 
55 
33 
32 
34 
33 
34 
34 
37 
41 
39 
41 
39 
39 
40 
38 
39 
43 
37 
43 
52 
47 
48 
50 
48 
46 

25 
18 
30 
31 
32 
30 
33 
32 
32 
32 
37 
36 
36 
36 
37 
32 
32 

4 
2 
9 
9 

1 
1 
3 
3 

4 
5 

8 
6 
2 

4 
3 
6 
6 
9 
9 

15 
20 

3 
2 
3 
3 
2 
2 



...... 
\D 
-...l 

AppendixT. 

Map 
number 

104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 

Well 
nwnber 

SM Db 29 
SM Db 32 
SM Dc 1 
SM Dc 
SM Dc 4 
SM Dc 12 
SM Dc 30 
SM Dc 36 
SM Dc 37 
SM Dc 38 
SM Dc 39 
SM Dc 42 
SM Dc 58 
SM Dc 59 
SM Dd 1 
SM Dd 
SM Dd 23 
SM Dd 44 
SM Dd 47 
SM Dd 49 
SM Dd 50 
SM Dd 51 
SM Df 
SM Df 
SM Df 
SM Df 10 
SM Df 42 
SM Df 61 
SM Df 62 
SM Df 71 
SM Df 80 
SM Df 86 
SM Dg 1 
SM Dg 3 
SM Dg 
SM Dg 10 
SM Ec 14 
SM Ef 69 
SM Fe 31 
SM Ff 21 
QA Eb 113 
DO Db 18 
DO Db 19 

Projected water levels in selected Aquia wells obtained by simulating current (1995) maximum-month ground-water 
appropriation rates used as annual average rates from 1995 to 2020-Continued 

1995 

-43. 
-39. 
-69. 
-7 1. 
-67. 
-59. 
-63 . 
-74. 
-60. 
-63. 
-54. 
- 63. 
-63. 
-53. 

-107. 
-Ill. 
-12l. 

-84. 
-80 . 

- 104. 
-111. 

-86. 
-188. 
-196. 
-185. 
-17l. 
-21 8. 
-196. 
-205. 
-184. 
-164 . 
-20l. 
-155. 
-155. 
-147 
-166. 

- 38. 
-105. 

-90 
-90. 

2. 
-65. 
-60. 

2000 

-52. 
-46. 
-80. 
-82 . 
-77. 
-7l. 
-74. 
-87 . 
-72. 
-74. 
-64. 
- 74. 
-74. 
- 64. 

-121. 
-125. 
-13 5. 

-95. 
-9l. 

-117. 
-12 4. 

-98. 
-200 . 
-209. 
-198. 
-1 83. 
-230. 
- 2 09. 
- 218. 
-197. 
-176. 
-213 . 
-166. 
- 166. 
-158. 
-178. 

-45. 
-118. 
-103 . 
-103. 

2. 
-80. 
-74. 

Year 
2005 

-54. 
-47. 
-8l. 
-84 
-79. 
-73 
-75. 
- 89 . 
-74. 
-75. 
-65. 
- 75. 
-75. 
-65. 

-122 
-127. 
-137. 

- 96. 
-92. 

-119. 
-126. 

-9 9. 
-202. 
-21l. 
-200. 
-185. 
-232. 
-21l. 
-220. 
- 199. 
-178. 
-216. 
- 168. 
-168. 
-16l. 
-180. 

-46. 
-120. 
-104. 
-105. 

2. 
-84. 
-78. 

2010 

-54. 
-47. 
-8l. 
-85. 
-79. 
-73. 
-75. 
-89. 
-74. 
-75. 
-65. 
-75. 
-75. 
-65. 

-122. 
-128. 
-13 8. 

-96. 
-92. 

-120. 
-127. 

-99. 
-203. 
-212. 
-20l. 
-186. 
-231. 
- 212. 
- 2 2l. 
-200. 
-179. 
-217. 
-169. 
-169. 
-162. 
-181. 

-46. 
-119. 
-104 . 
-105. 

2. 
- 86. 
-79. 

2015 

-56. 
- 48. 
- 83. 
-86. 
-80. 
-75. 
-77. 
-92. 
-77. 
-77. 
-67. 
-77. 
-77. 
-67. 

-125. 
-129. 
-139 . 

-98. 
-94. 

-12 l. 
-128. 
-10l. 
-204. 
- 214. 
-202. 
-188. 
-234. 
-214 
-223. 
-20 1. 
-180. 
- 218. 
-170. 
-170. 
-163. 
-182. 

-47. 
-12l. 
-106. 
-106. 

2. 
-87. 
- 81. 

2020 

-58 
-49. 
-84. 
-87. 
-8l. 
-78. 
-79. 
-94. 
-79. 
-78. 
-68. 
-7 8. 
-78. 
-69. 

-126 . 
-130. 
-14l. 

-99. 
-95. 

-123. 
-130. 
-102 . 
-205. 
-215. 
-204 
-189. 
-235 . 
-215 . 
-224. 
-203. 
-18l. 
-219. 
-17l. 
-17l. 
-164. 
-183. 

-48. 
-122. 
-106. 
-107. 

2. 
-88. 
-82. 

Layer Row Column 

3 
3 

48 
46 
53 
52 
54 
47 
51 
47 
46 
52 
51 
52 
52 
49 
50 
51 
50 
55 
57 
53 
49 
53 
54 
54 
53 
52 
56 
54 
54 
55 
55 
54 
54 
54 
51 
54 
58 
62 
65 
64 

3 
34 
33 

8 
8 
6 

12 
13 
13 
11 
12 
16 
12 
11 
33 
31 
32 
33 
32 
31 
30 
29 
35 
32 
38 
38 
39 
36 

34 
26 
33 
43 
42 
42 
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