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CONVERSION OF MEASUREMENT UNITS 

The following factors may be used to convert the Inch-pound units pub
lished in this report to International System (SI) metric units. 

Multiply 
To convert from by To obtain 

Length 

inch (in .) 25.4 millimeter (mm) 

foot (ft.) 0.3048 meter (m) 

mile (mi.) 1.6093 kilometer (km) 

Area 

square mile (mi2) 2.59 sq uare kilometer (km 2) 

acre 4047. square meter (m 2) 

0.4047 hectare (ha) 

0.004047 square kilometer (km 2) 

Flow 

cubic foot per second (ff1/s) 28.32 liter per second (Li s) 

0.02832 cubic meter per second (m ;l/s) 

gallon per minute (gallmin) 0.06309 liter per second (Lh ;;) 
million gallons per day 0.04381 cubic meters per second 

(Mgalld) (m ;l/s) 

million gallons per year 0.00012 cu bic meters per second 
(Mgaliyr) (m ;l/s) 

Hydraulic 
units 

transmissivity-
foot squared per day 0.0929 meter squared per day 

(ft 2 / d) (m 2 / d) 

hydraulic conductivity 
foot per day (ftl d) 0.3048 meter per day (ml d) 

foot per second (ftls) 3.5277xlO-O meter per day (mi d) 
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SIMULATED CHANGES IN WATER LEVELS 
IN THE PINEY POINT AQUIFER IN MARYLAND 

BY 

JAMES F. WILLIAMS 111* 

ABSTRACT 

A two-dimensional finite-difference computer model ofthe freshwater part (less than 
250 milligrams per liter chloride) ofthe Piney Point aquifer in Maryland was developed to 
simulate and predict draw down in the aquifer. 

The Piney Point aquifer is of Eocene age and is composed of fine to very coarse sand 
varying from a few feet to more than 120 feet in thickness. It contains cemented, inter
bedded shell layers, and is highly glauconitic. The aquifer has no known outcrop area. 
Hydrogeologic information pertainingto the Piney Point is presented as a series of maps 
which show the potentiometric surface in the prepumping stage, the potentiometric 
surface in 1952 and 1976, the water-level change between 1952 and 1976, the available 
drawdown as of 1976, the transmissivity, the thickness, and the subsurface structure. 

The Piney Point aquifer is a major source of water for several cities, communities, 
industries, housing subdivisions, and hundreds of individual homeowners in southern 
and eastern Maryland. The aquifer is also used as a water source in parts of Virginia, 
Delaware, and New Jersey. The total pump age of the Piney Point in Maryland has 
increased from an estimated 0.5 million gallons per day in 1900, to an average of 4.33 
million gallons per day between June 1975 and June 1976. A complex picture of water
level decline and rise has recently developed due to changes in the withdrawal rates from 
the major pumping centers . 

The Piney Point was modeled as a confined aquifer recharged by leakage from an 
overlying aquifer which is separated from the Piney Point by semiconfining material. 
The calibration scheme consisted of simulating historical pumpage from an initially flat 
potentiometric surface. Pumpage was simulated over a period of 86 years (1890-1976) and 
was subdivided into seven separate pumping periods of various durations . Calibration 
was obtained by comparing computed versus measured water-level changes for the 
periods 1952-76,1970-74,1974-75, and 1975-76. 

Values for aquifer characteristics used in the model to represent the Piney Pointare: 
Transmissivity- 100 to 6,200 square feet per day, and storage coefficient-3x10-4. The 
values used to represent the semiconfining material were: Vertical hydraulic conductiv
ity- 1x10-8 to 1x10- 12 feet per second, specific storage- 6x10-() per foot, and thickness-
50 to 305 feet. 

·U.S. Geological Survey 
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INTRODUCTION 

The P iney Point aq uifer is one of the most 
important aq uifers in southern and eastern Mary
land. It is estimated that more than 3,000 well s 
presently tap the Piney Point aquifer in the so uth
ern half of St. Mary 's and Calvert Counti es. The 
Piney Point is the most important municipa l, 
industri al, a nd domestic source of water in Dor
chester County on the Eastern Shore of Maryland. 
The average daily pumpage in 1976 for the m ain 
municipa lity in Dorch ester County, Cambridge, 
was 2.88 Mgal/d, of which the Piney Poin t s upp
lied 67 percent. The P iney Point is a lso the ma in 
source of municipal water in Caroline Coun ty and 
the chief source of domestic water in the north
western a nd southern sections of Talbot County. 
In certain parts of Delaware, southern New J er
sey, a nd n orth eastern Virginia, the P iney Point 
aq uifer is a lso a source of water. 

Since the first maj or production well was drilled 
into the P in ey Point aq uifer at Cambridge in 1888, 
progressive declines of ground-water levels have 
accompanied increasing ground-water withdraw
als. Significant water-level declines have occurred 
in the Cambridge a rea (over 100 ft. from 1888 to 
1976). However, water levels in the P iney Point 
aq uifer in the Cam bridge area have risen si nce 
1972 due to pumpage cutbacks. Southern Mary-

la nd experi enced declines of more than 20 ft . 
between the years 1960-76. Recent heavy with
dra wals (2.3 Mgal/ d) from the aq uifer in Dela ware 
m ay affect water levels in Caroline Coun ty, Md. 

Because the Piney Point aquifer is encountered 
at a reaso n able depth (80-550 ft. below sea level), 
a nd , in most places contains water with s ui table 
chemical properties, it will continue to be a favor
ite water source fo r individua l dom estic-well own
ers, citi es, communities, a nd indus tries. State and 
local officials are con cern ed whether or not the 
Piney Poin t aq uifer can continue to supply its 
s hare of th e projected water needs of th e area. 

Water users and m anagers need to know how 
much addition a l drawdown future in creases in 
pumpage will cause in a n aq ui fer . At the present 
time, the use of th e computer h as made it possible 
to mathematica lly simulate an aq uifer system 
a nd to estimate future ch a n ges in the water level 
of the aq uifer based on various pumping a rra nge
ments. 

The production capability of th e Piney Point 
aq uifer will affect the economic development of 
the study area. Large increases in population h ave 
been projected for several counti es within this 
area. These co un ties wi ll benefit by kn owin g in 
advance to what extent the P in ey Point aq uifer 
can be developed. 

PURPOSE AND SCOPE 

The purpose of this report is to show the draw
downs obtained from a two-dimensional model of 
the Piney Point aquifer in Maryland. The report 
presents the model of the entire fres hwater (less 
than 250 mg/ L chloride) part of the aqu ifer in 
Maryla nd. 

An attempt was m ade to collect and tie together 
in one report all the relevant physical ch aracteris
tics related to the Piney Poin t aquifer in Mary land 
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that previously had been scattered among several 
different reports. New information coll ected dur
ing th e course of this investigation is a lso pre
sented. 

The goa l of the report is to use the model to test 
the effect various pumping rates a nd well location 
schemes will h ave on future water levels in the 
aquifer. Drawdown predictions based on the 
model may a id water-use administrators and plan
ners in their decision-making process. 
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METHODS OF INVESTIGATION 

The study technique used to investigate the 
hydraulic characteris ti cs of the Piney Po in t aq ui
fer was the two-dimension a l finite-difference 
model. Data req uirements for the model include 
the following: (1) Tran smissivity ofthe aquifer, (2) 
storage coefficient ofthe aquifer, (3) pumpage his
tory, (4) thickness of the confining m aterial above 
the Piney Point aquifer, (5) vertical hydra ulic con
ductivity of the confining m ateria l, (6) specific 
storage ofthe confin ing m ateria l, (7) initia l start
ing head in the Piney Point aquifer a nd in the 
contributing (recharging) aquifer, (8) dimensions 
of the grid, and (9) boundaries of the model. 

To collect data needed for model simulation , 
previously collected data were analyzed and a sys
tema tic field investiga tion was initiated to obtain 
n ew information in those areas where data were 
scarce. New field data contributed substantially to 
obtaining a better understa nding of the physical 

a nd hydraulic characteristics of the Piney Point 
aq uifer. New data were obtained by: 
1. Establi shing a n observation-well network in 

the Pin ey Point aquifer-including the dril
ling of 17 new wells. 

2. Installation of five continuous water-level 
recorders. 

3. Laboratory a n a lysis ofthe vertical hydraulic 
conductivity of cores from the upper confining 
m ateria l. 

4. E lectric and gamma-ray loggin g of 25 n ewly 
drilled wells. 

5. Performing aq uifer tests at nin e sites to de
termine transmissi vity and storage coefficien t 
values. 

6. Relating specific capacity (gallons per minute 
divided by drawdown (ft.)) to transmissivity 
by analyzing the pumping test r eports of sev
eral hundred Piney Point aquifer wells. 

LOCATION AND EXTENT OF THE STUDY AREA 

The Piney Point aquifer occurs beneath parts of 
Calvert and St. Mary's Counties in southern Mary
la nd and probably parts or a ll of the Maryland 
Eastern Shore counties, except Kent and Cecil. 
This report is primarily concerned with that part 
ofthe Piney Poin t aq uifer in Mary land that yie lds 
water with less than 250 m g / L chloride. That part 
ofthe aquifer, the study area, is limited to Calvert, 
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St. Mary's, Dorchester, Caroline, Talbot, and Queen 
Anne's Counties. Figure 1 shows the study area, 
boundaries of the model, Fall Line, a nd the 250 
mg/ L isochlor line. The total modeled area in 
Maryland is approximately 3,200 mi 2 of which 850 
mi 2 is part of the Ch esapeake Bay and Potomac 
River. A more detailed view of the model grid and 
modeled area is shown on plate 1. 
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STRATIGRAPHY OF THE STUDY AREA 

The Piney Point Formation is part of a sequence 
of geologic formations that occur in the Atlantic 
Coastal Plain Physiographic Province. This pro
vince is a broad plain underlain by a southeast
wardly thickening wedge of layered beds of clay, 
silt, sand, gravel, and shell layers laid down on a n 
older surface consisting largely of hard crystalline 
rocks referred to as the "basement." 

The crystalline rocks occur at land surface west 
Of a line roughly extending through Washington, 
D.C., Baltimore, Md. , and Wilmington , Del. The 
line is commonly referred to as the "Fall Line" (fig. 
1). East of this line, the crystalline rocks underlie 
the Coastal Plain sediments and occur progres
sively deeper eastward. For example, at Leonard
town (St. Mary's County), crystalline rocks are 
probably 2,500 ft. below sea level. On the Eastern 
Shore of Maryland at Easton (Talbot County), 
crystalline rock is probably 3,200 ft. below sea 

5 

level , and at Cambridge (Dorchester County), 
3,500 ft. below sea level. 

This report focuses attention on one of the sand 
layers (Piney Point aquifer) found in the mass of 
unconsolidated Coastal Plain sediments. The 
term "Piney Point aquifer," as used in this report, 
refers to the aquifer part of the Piney Point Forma
tion. Table 1 summarizes the age, lithology, thick
ness, and water-bearing characteristics ofthe var
ious geologic units which are found beneath the 
study area. Figure 2 depicts two generalized geo
logic sections that show the trend of shallower 
formations (including the Piney Point) beneath 
the study area. Section A-A' runs north-south 
through the Eastern Shore Counties of Talbot a nd 
Dorchester. This section is also typical ofthe sub
surface section in Caroline County. Section B-B' 
trends generally north-south through Calvert and 
St. Mary 's County. 



Table 1.- Generalized stratigraphy of southern and eastern Maryland. 

Sys tern 

Quaternary 
and 

Tertiary (?) 

Te rtiary 

Cre taceous 

Paleozoic 
and 

Precambrian 

Series 
(Group) 

Ho l ocene, 
Pleistocene 

and 
PI iocene (?) 

Hiocene 
(Chesapeake 

Group) 

Eocene 

Paleocene 

Upper 
Cre t aceous 

Lower 
Cretaceo us 

Strat i graphic 
units 

Lowl and 
and 

upland 
deposi ts 

Salisbury 
For-mation 

St . Narys 
Formation 

Chop tank 
Formation 

Calvert 
Formation 

Piney Po i nt 
Formation 

Na njemoy 
Formation 

(Marlbo r o Clay ) 
Aquia 
Formation 

Brightsea t 
Formation 

Nonmouth, 
Na taw an , and 
Hago t hy 
Formatio ns , 

undi f fe r ent i ated 

Patapsco, 
Arundel, and 
Pa t uxent 
Formations , 

undifferentiated 

Crystal line 
rocks 

(basement) 

Thickness 
in feet 
(meters) 

o - 190 
(0 - 58) 

o - 145 
(0 - 44) 

o - 110 
(0 - 34) 

o - 130 
(0 - 40) 

20 - 300 
(6 - 91) 

o - 225 
(0 - 69) 

o - 290 
(0 - 88) 

( 0 - 30) 
o - 230+ 

(0 - 70+) 

20 - 40 
(6 - 1 2) 

350 - 1700 
(110 - 520) 

300 - 2500 
(91 - 760) 

Unknown 

!/ Hodified from Table 10 (Rasmussen a nd others , 1957) , Table 

Dominant lithologic character 

Tan to orange stratified clay, silt, 
fine to coarse sand and g r avel. 

Gray. red , orange , and brown uncon
solidated deposits of gravel ly sand, 
silts, and clays . Locall y contains 
cemented hard ledges . 

Greenish- blue to yellowish gray 
fossiliferous clay, sand, and sandy 
clay . 

Gray a nd brown very fi ne t o medium 
sand and c l ay , containing shel ls . 

Gray diatomaceous silts and clays con
taining lenses of gray sand 2nd shell 
beds . 

Olive-green to greenish- black to gray 
quartz sand , slightl y to moderately 
glauconitic , fine to ver y coarse, 
with interbedded l ayers of shell , 
very fine sand, silt and clay. 

Blackish- green to gray glauconi tic sand, 
sil t and clay . 

Green to greenish black glauconitic 
quartz sand, with lenses of clay and 
locally indurated shell beds . I n 
Souther n Mar yland a pinkish t o g r a yish 
c l ay (Marlboro Cl ay ) generally o ve r l i es 
the Aquia. 

Cray to dark- gray micaceous silty , 
sandy clays . 

Glauconitic sands and clays con tain
ing abundant s hells, small amounts 
of mica , l igni t e and car bonaceous 
matter. 

Chiefly variegated fine sands, silt 
and clay wi th interbedded coarse 
sand a nd gravel . 

Presumed to consist of schist, 
granite, and gneiss as found in out
crop areas. 

Water- bearing properti es 

Yields smal l to moderate amounts of 
water to wells . Utilized primarily 
as a water sour ce for s hallow domes
tic a nd farm we l ls . The upper r e
charging water- table aquifer to the 
Piney Point Formation in southern 
Naryland . Not present in eastern 
flarv1and. 
An important aquifer in eastern 
Haryland . Transmissivit~es range 
from 1 2 , 700 to 23,400 ft /d whe r e 
tested . Not present in southern 
Nary1and. 
Functions generally as an aquiclude . 

Yields small t o moderate amounts of 
water to we ll s in Caroline and east 
er n Dorches t er Co un ties . In southern 
Haryland generally fu nctions as an 
aquitard . 
Largely an aquiclude, but contains 
two or t h ree aquifers which l ocal l y 
yield large quant ities of water at 
Easton, Feder a l sburg, Hu rlock , and 
Vie nna . The basal aquifer of this 
unit (Cheswold aquifer) is the upper 
recharging aquifer to the Piney Point 
Formation i n most areas of eastern 
Naryland . Not a water source in 
sou thern Ma r y l and. 
Southern Har yland : Principal source 
of water in southern St . Harys and 
Calvert Counties. Yields reported up 
to 200 gal/min . Slowly but steadily 
declining water l evels in most parts 
of St . Narys a nd Calvert Co unties due 
to large n umbers of domestic wells . 
Hyd raul i call y connec t ed to the 
Nanjemoy aqui fer in some places . 

Eastern Haryland : The most impor
tant artesian aquifer in the area . 
Has yie lded 1,200 gal/min to a muni
cipal well a t Cambridge . Large cone 
of depress i on throughout Dorchester 

and southern Talbot Counties . Small 
cone s o f depression around Denton 
and Greensboro . 
A principal source of water in 
Calvert and St . Harys Counties . 
Yields repo r ted in excess of 60 
gal/min. Aqui fe r part of unit not 
restricted t o one ve r tical posi t ion 
in uni t . Hyd r aulical ly connected 
with overlying Piney Poin t Formation 
in some places . Not considered an 
aquifer in eastern t-laryland . Varies 
from a leaky aquiclude i n the west to 
a tight con fining fo r mation i n the 
east . 
Primary source of public water supply 
in St . Narys County . Nain source of 
water in southwest Talbot and north 
west Dorchester Counties . Not found 
as an aquifer south of a line con
necting St . Narys City , Cambridge , 
Eas ton a nd Den ton . 

Fun ctions gene r ally as a n aquitard . 

The Hagothy Fo r mation y i e l ds moderate 
amounts of wa t er at Easton and 
Cambridge , but is no t presen t i n 
southern Cal vert or St. l-larys 
Counties . 

The Patapsco Formation in combination 
with the RaritilO Formation yields 
moderate amounts of water to city 
wells i n Cambridge . Not utilized 
in southern Haryland. 

Untested . 

(Hack a nd o the r s , 1971), and Wei gle and others (1970b) . 

The str atigraphi c nome nc l ature used in th is repo r t is t ha t of t he Na r ylan d Geological Surve y a nd diffe r s somewh at fro m that of t he U. S . Ceo1og
ical Survey . 
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MODELING THEORY AND DATA REQUIREMENTS 

The purpose of the simulation model utilized in 
this study is to predict the hydraulic h ead in the 
Piney Point aquifer at a ny specified location and 
time. 

The theory us ed in this study is based on the 
concept that ground-water movement can be ex
pressed in two dimensions as a partial differentia l 
equation. The basic flow equation which is derived 
by com bining Darcy 's law and the equation for the 
conservation of mass, is given by: 

(I) 

in which 
Txx, Tyy = principa l components of the trans

missivity tensor (Ufl); 
h = height of the ground-water level above 

an arbitrary r eferen ce datum, usua lly 
sea level (L); 

S = storage coefficient of the aquifer (di
mensionless ); 

t time (t); and 
W = volumetric flux of rech arge or with

drawal per unit surface area of the 
aquifer (Lt- '). 

Equation 1 can be broken down into finite
differen ce equations that can approximate the 
solution to the basic flow equation. The finite· 
difference equations can be rapidly solved by a 
digita l computer (Trescott and others, 1976). The 
approxima ted equation 1 is shown as fo llows: 

(2 ) 

+ _ T II I I _ 1,1 , r , 1, I j[ (hi+IJ' k-h i Jk )] [ (h .k-h_"k)J) 
ll Yi yy (i + i ,j) !:lYi + t T YY( i-i ,j} 6 Yi- i r 

s ( = ~ h . -h )+W . ll t I , ] ,k I,j ,k - l t,j,k 
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where 
i, j , k = indices in the X' , Yo , and time dimen

sions; and 
b.X,b.Y,b.t = increments in the X, Y' , and time 

dimensions . 
When the fluxes are comprised of: (1) withdrawals 
or recharge (for example, evapotranspiration, well 
pumpage, or well inj ection) , and (2) leakage in or 
out of the aquifer through a confining bed, then 
W(i,j,k,) in equation 2 is expressed as: 

Q( . ) 
(3) W . k = ~ - (h . 0 - h k) I,J, /;,XjuYi I,J, I, J, 

KV(i,j) 

( 

rrKv(i,j) t)~ M 
3M2 S I,) .. ( . . ) 

I ,J S fd 

f exp 
N =1 

where 

Hi,j ,o = 

h l·}· 0 = , , , 

Ku( · .) 
l, } 

hydraulic h ead in the aquifer above 
the confining bed (L); 

hydraulic head in the aquifer at the 
start of the pumping period (L); 

vertical hydr a ulic conductivity ofthe 
confining bed (L i t); 

M,.",j = thickness of the confining bed (L); 

Q(i,j,l~) = rate of withdrawal (positive sign) or 
recharge (negative sign) (V l t); 

SS(i,j)= specific storage in the confining layer 
(L -' ) 

K V(i,jl! 2 " . 
M i,j SS(i ,j) = dlmenslOnless tIme; and 

t= elapsed time of the pumping period 
(t). 



The digita l-model program used for this study is 
by Trescott a nd others (1976). It evolved from ear
lier work by Pinder (1969). The model is designed 
to simulate in two dimensions the response of an 
aquifer to an imposed stress. 

As in most mathematical models, certain assump
tions are presumed to govern the system. The 
main assumptions of the Trescott, P inder, and 
Larson program as they relate to the Piney Point 
aquifer model study are: 
1. Flow in the confined aquifer (Piney Point) is 

horizontal and in two dimensions, even though 
leakage may occur through the upper confin
ing bed. This assumption is justified if the 
horizontal conductivity is appreciably greater 
than the vertical conductivity . In addition, the 
aquifer is assumed to be isotropic and homo
geneous within the grid block. 

2. Recharge to the Piney Poin t aq uifer is deri ved 
only from the upper contributing aquifer, 
through leaking confining m ateria l. Hydrau
lic head in the contributing aquifer is assumed 
to be constant with time. Any recharge to the 
Piney Point aquifer from below is compu ted as 
if it was derived from the upper contributing 
aq uifer. 

3. Flow through the confining bed is vertical. 
This ass umption is valid if the hydraulic con
ductivity of the confined aq uifer is much 
greater than the hydraulic conductivity ofthe 
confining bed. Experimentally, it has been 
found that if the ratio ofthe aq uifer's hydra u
lic conductivity to the confining bed's hydrau
lic conductivity is between 10:1 and 100:1, the 
error is 5 percent or less . When the ratio is 
greater than 100:1 , the error is less than 1 per
cent. (R.L. Cooley , U.S . Geological Survey, 
Denver, Colo., written commun., 1976.) In this 
report, the ratio is estimated to be greater than 
1,000:1. 

The Piney Point aq uifer was modeled using the 
Strongly Implicit Procedure (SIP) numerical tech
nique to indirectly solve equation 1. The outline 
theory behind the computationa l a lgorithm ofthis 
method can be found in Remsen, Hornberger, and 
Molz (1971), and Trescott, Pinder, and Larson 
(1976). 

In order for the model to i...: 8. reliable, predictive 
tool, it must be calibrated against past water-level 
conditions . The procedure used to calibrate the 
Piney Point aquifer model was to simulate histori
cal pumpage and match measured against com
puted water-level changes. 

GEOHYDROLOGY OF THE PINEY POINT AQUIFER 

AREAL EXTENT AND DEPTH 
The Piney Point Formation does not crop out, 

butis found only in the subsurface. The formation 
is truncated updip beneath an unconformity occurr
ing at the base of the Calvert Formation. The 
truncation line is rough ly 1 to 2 mil es north of the 
-100-ft structure contour lin e in figure 3. In the 
downdip direction (SE), the Piney Point Forma
tion gradually changes facies on electric logs fro m 
a sand to a sandy clay to finally a clay. The sub
surface position of the clay line is not exactly 
known, but is thought to occur along an ill-defined 
line trending between Salisbury, Md., and Bridge
ville, Del. (Location of cities can be found on plates 
1-6). The Piney Point Formation probably termi
nates to the east beneath the Atlantic Ocean on 
the Continental Slope. The Piney Point a lso is 
known to extend laterally into Virginia and New 
Jersey. 

9 

The depth below land surface of the top of the 
aquifer can be determined by adding the land a lti
tude to the structure con tour lines of figure 3. The 
top of the Piney Point aq uifer varies from less 
than 100 ft. below sea leve l at its western extent to 
more than 1,070 ft. below sea leve l at the Salisbury
Wicomico Airport. This report is concerned only 
with the part ofthe aq uifer containing water with 
less than 250 mg/ L chloride. The top of this partof 
the aq uifer ranges from 80 to 550 ft. below sea 
level. 

LITHOLOGY 
The Piney Point aq ui fer is composed largely of 

quartz sand, gla uconite, and shell fragments. The 
overall color of the materia l is olive green to green
ish gray to greenish black. A h ard layer (calcare
ously cemented shell frag ments), commonly re
ferred to by well drillers as a "rock" layer, is 
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normally found at the top of the formation . This 
layer is an excellen t stratigraphic marker that 
stands out in geophysical a nd drillers ' logs. Inter
calated shell beds, usuall y less than a foot thick, 
occur throughout the Piney Point aq uifer, but are 
more common in southern Maryland than in east
ern Maryland. This sequence of sand and shell 
layers often prevents caving of boreholes and 
allows m any wells in the Piney Point to be com
pleted without a screen. Calcium carbonate cemen
tation of the quartz sand a nd limonite encrusta
tion of the glauconite is common and varies in 
severity from site to site. This phenomenon tends 
to reduce the effective porosity of the aquifer. 

The Piney Point aquifer in Maryland appears to 
be coarsest in and around Cambridge. Samples 
from the Piney Point at Cambridge are medium- to 
very coarse-grained for the total thickness of the 
aquifer. Samples from wells a few miles away 
from Cambridge are fine- to medium-grained with 
occasional traces of coarse sand, and become even 
finer grained toward the lower part of the aquifer. 

Results of mechanical analysis of a sample from 
the upper part ofthe Piney Point aq uifer at Denton 
are presented in figure 4. This sample is classified 
as medium to coarse sand. 

EFFECTIVE THICKNESS 

The effective-thickness map shown on figure 5 
(in pocket) represents an estimate ofthe thickness 
of the Piney Point Formation that is considered an 
aquifer. The aquifer part of the formation was 
determined from geophysical well logs and drill 
cuttings. The upper part of the formation in 
almost all instances is the most productive and 
most permeable. Geophysical logs and drill cut
tings indicate that the formation becomes pro
gressively more silty in its lower part. Those por
tions of the formation that were determined and 
believed to be very fine sand, sandy clay, silt and 
clay were subtracted from the total formation 
thickness to arrive at the effective thickness. Fig
ure 5 represents an approximation, and because of 
the lack of data, cannot be verified everywhere 
within the study area. 

In parts of southern Maryland, the Piney Point 
aquifer is hydraulically connected and conforma
ble with the underlying Nanjemoy aquifer. In 
such areas it is difficult to separate the two units 
and misclassification of these two aquifers un-

11 

dou btedly has occurred. Hence, the effecti ve thick
n ess ofth e Piney Point probably includes, in some 
cases , the upper sandy portion of the Nanjemoy 
Formation as well as the Piney Point aquifer. This 
is true only for southern Maryland as the N anje
moy Formation is ma inly a silty clay unit in east
ern Maryland and is not an aquifer 

The effective thickness shown in figure 5 cannot 
be used directly in determining transmissivity 
because changes in grain size and cementation 
cause the permeability to vary from site to site. For 
example, the aq uifer 's effective thickness at Cam
bridge is approximately 100 ft. a nd the hydraulic 
conductivity is 40-60 ft./d. At Denton, the effective 
thickn ess is approximately 80 ft ., but the hydrau
li c conductivity is only 20 ft ./d. In other words, 
although the aquifer's effective thickness at two 
sites may be about the same, both sites will not 
n ecessarily h ave the same transmissivity. The 
effective thickness map was used indirectly to 
determin e T by correcting specific capacity mea
surements for partial aquifer pen etration. 

TRANSMISSIVITY AND STORAGE 
CHARACTERISTICS 

Transmissivity (T) is the rate at which water of 
the prevailing kinematic viscosity is transmitted 
through a unit width of the aquifer under a unit 
hydra ulic gradient. The unit of measure is length 
squared divided by time. The transmissivity ofthe 
Piney Point is extremely variable. Transmissivity 
of the Piney Point was determined directly by 
aquifer tests and indirectly from specific capaci
ties. Specific capacity is the relation of yield to 
drawdown and is given in gallons per minute per 
foot of dra wdown. Aquifer tests are usually better 
for determining T than specific capacity; therefore 
more confidence was given to T's determined from 
aq uifer tests. 

The procedure to convert specific capacity to T 
involves several assumptions and approxima
tions , plus the possibility of erroneously reported 
yield a nd drawdowns . Unfortunately, the extreme 
variation in permeability of the Piney Point 
aq uifer caused by changes in grain size, encrusta
tions, and cementation of the sands prevents a 
direct correlation between effecti ve thickness and 
transmissivity. Therefore, in those areas lacking 
an aq uifer test, the T was estimated using specific 
capacity calculated from well-drillers' completion 
reports. Each specific capacity was corrected (if 
required) for partial penetration of the aquifer by 
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using a method discussed in "Groundwater Re
sources Evaluation" (Walton, 1970, p. 319). 
Aquifer thickness was determined from figure 5. 
Tra nsmissivity was then estim ated from th e cor
r ected specific capacity by utilizing a procedure 
developed by H urr (Krusema n and DeRidder, 1970, 
p. 171-173). Not all of the T values calcul ated from 
specific capacity were utilized. Extrem e values not 
fitting in with the m ajority were eliminated. 

Plate 5 sh ows the estimated transmissivity of 
the Piney Point aquifer in Mary land and Dela ware. 

The areas of high est transmissi vity are in and 
around Cambridge, Md. , a nd Dover , Del. These 
a reas also h appen to be the main pumping centers 
of the Piney Point aq uifer on the Delmarva Penin
sula . Because it appears som ewhat odd to h ave 
two of the la rgest cities on the Delmarva Penin
sula positioned where the Piney Point aquifer 
attains its highest transmissivity, the situation 
deserves a n expla n ation. Since the Delaware por
tion of plate 5 was adapted from Leahy (1978), 
only the Mary land portion of the map will be dis
cussed. However, the T s ituation around Dover, 
Del., appears to be similar to the conditi.ons at 
Cambridge, Md. Aquifer tests availab le in and 
near Cambridge indicate 1"s from 4,000 to 6,000 
fV/ d . An analysis of aq uifer tests and specifi c 
capacities surrounding Cam bridge definitely 
shows a lower T radiating in all directions away 
from Cambridge. West of Cambridge, the Piney 
Point effectively ceases to be utilized as an aq uifer 
beyond the village of Cornersvill e. North , east, 
a nd south of Cam bridge, the T decreases so rapid
ly that T values less than 1,000 ft. 2/d are found 
within 7 miles of the city. The effective th ickness 
of the Piney Point (fig. 5) is gen erally greatest 
a round the Cambridge area, which is a n indirect 
indicator to substantiate plate 5. In genera l, the 
effective thickness m ap does agree with the T 
map. Anomalous 1"s shown in northwestern Tal
bot County are believed due to less cem entation 
and larger grain sizes of the aquifer in those areas. 

Plate 5 is believed to be a reasonable representa
tion of the T of the Piney Poin t aquifer. The T 
cannot be verified everywhere within the study 
a rea because of the lack of data. New data may 
warrant transmissivity adjustments. 

Only a few storage coefficient values h ave been 
determined for the Piney Point aq uifer. The range 
of values, which was determined from aquifer test 
data, is from 0.00009 to 0.0004. 
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PUMPAGE 

It is not known when the first well to the P iney 
Point aq ui fer was drilled in Mary la nd. The first 
major production well was dri lled fo r municipa l 
use at Cambridge in 1888. Several cann eries in 
Cambridge a lso dri lled wells into the aq uifer dur
ing the early 1900's. Th e towns of Secretary, Den
ton , and Greensboro, in eastern Maryla nd h ave 
used the Piney Point aqui fer as a source of munic
ipal water for more than 40 years . In southern 
Maryland, the Piney Poin t aquifer has been used 
as a domestic water source s ince before 1890. Dur
ing World War II, several naval installations in S t. 
Mary's and Calvert Coun ties used wells which 
withdrew moderate quantities from the P iney 
Point aq uifer. These withdrawals continued until 
the early 1950's when complaints concerning water
level declines caused wi thdra wals to be red uced. 
The city of Leonardtown utilized the Piney Point 
aquifer at one time as a municipal water source, 
but has since abandoned the P iney Point for the 
deeper and more productive Aq uia aquifer . 

Accurate historical pumping rates are difficult 
to documen t because records were rarely main
tained. Even though present-day holders of gro und
water appropriation permits whose wells pump 
10,000 galld or more are req uired to submit semi
annual pumpage reports to the Maryland Water 
Resources Administration, not a ll permit holders 
faithfully follow the required procedure. Conse
quently, many of the pumping rates used for th e 
model calibration are best-guess estimates. 

Piney Point pumpage in Maryland a nd Dela
ware between 1952 and 1976 is shown in figure 6. A 
more detail ed breakdown of this pumpage is pres
ented in table 2 which shows th e average pumping 
rate at selected time periods for the ma jor users of 
the Piney Point aquifer in Maryland and 
Delaware. 

A large number of domestic wells have been 
completed in the Piney Poin t aq uifer. Otton (1955, 
p. 88) estimated that between 500 a nd 1,000 wells 
were tappin g the P iney Point aq uifer in Calvert 
and St. Mary's Counties in 1951. Since that time, 
approxim ately 2,000 additional wells in the Piney 
Point have been drilled in those counties . Because 
th e Piney Point aq uifer and the Nanjemoy aq uifer 
are contiguous in places in south ern Maryland, 
some of these wells may tap the Piney Point-
Nanjemoy aquifer. In eastern Maryland, at least 
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Figure 6.-Pumpage from the Piney Point aquifer in Maryland and Delaware, 1952- 76. 
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1,000 wells in the Piney Point have been drilled 
since 1951. Pumpage from the domestic wells con
tributes substantially to the total withdrawal 
from the aquifer. Estimated domestic and small 
commercial-industrial pumping rates have been 
totaled and are listed in table 2. 

Domestic pumpage being withdrawn from the 
Piney Point aquifer was determined by th e fo llow
ing procedure: Each domestic well in the Piney 
Point aquifer was assumed to serve a family of 
four. Before 1960, each domestic well was assumed 
to yield 250 gal/d to the household. After 1960, 300 
gal/d were used . Next, the average number of 
domestic wells located within each node of the 
model during each pumping period was approxi
mated. By multiplying the appropriate daily 
usage by the number of wells in that node, the 
required domestic pumpage was calculated for 

Depth 
Locality (ft) 

Cambridge 370 
(6 wells) 

LeCompte's Store, 358 
6 mi. west of 
Cambridge 

Denton 359 
Leonardtown 300 
Piney Point 270 
St. Inigoes 300 

(10 wells) 
Solomons 252 

Island 

15 

each of the pumping periods. The domestic pum
page was added to the pump age of the major users 
if a major user also was located in the same node. 

RELATION OF WATER LEVELS TO PUMPING 

Prepumping Water Levels 

Few historical static water-level measurements 
from wells tapping the Piney Point aquifer are in 
existence. Furthermore, the accuracy of many of 
the available measurements is questionable. The 
earliest published records of water levels in the 
Piney Point in Maryland are presented by Darton 
(1896) , who reported that many of the wells drilled 
where the land elevation was near sea level flowed. 
Listed below are excerpts from Darton's tabula
tion of Maryland Coastal Plain wells. 

Height to which 
water rises, in feet 

above (+) or below (-) 
land surface Gallons per minute 

+15 Flow 160 to 250 each 

+ 161/~ Pumped 4 

- 4 Pumped 30 
+20 Flow 2 
+12 Pumped 5 
+12 Pumped 2 

+ 4 Pumped 150 



A study by Clark, Mathews, and Berry (1918) was the 
first comprehensive publication exclusively devoted 

Altitude of 
land surface Depth 

Location (feet) (feet) 

Cambridge 25 405 

Cambridge - 390 

Cambridge 10 360 
2 mi west. 

Church Creek 5 395 
Easton 12 297 

3 mi. west. 

Easton 20 366 

Trappe 50 375 

Greensboro 20 285 

Broomes 3 225 

Island 

Solomons 5 265 

Leonardtown 10 263 

Piney Point 5 272 

St. George 5 265 

Island 

St. Inigoes 20 298 

Unlike Clark and others, Darton's table does not 
contain land a ltitudes for the respective well sites. 
Land altitudes are critical in order to relate ground
water levels to a sea-level datum. If approximate 
a ltitudes are assumed for the Cambridge and 
southern Maryland wells referred to in Darton's 
report, th en a comparison can be made between 
Darton's and Clark's water levels in the Piney 
Point. When comparing th e two tables in this 
m anner, it is apparent that water levels in the 
Piney Point aquifer in the Cambridge area had 
declined approximately 30 ft between the early 
1890's and 1909. These declines were related to 
pumping, because by 1909 the city of Cambridge 
and nearby cannery operations were withdrawing 
several hundred thousand gallons a day from the 
Piney Point aquifer. 

to Maryland hydrology. Listed below are the moresig
nificantPiney Point wells contailled in that publication. 

Head 
above (+) 

or below (-) 
land surface Drilled Remarks 

16 

-22 1909 

-15 1914 

+ 3 -

+ 1 -

- 6 -

+10 1886 Flowed 3 gal/min 
in 1886 

-14 1909 

+ 5 - Originally flowed 

+ 6 1912 Flowing 

+ 8 1903 Do. 

+14 1907 Do. 

+ 7 - Do. 

+ 7 1904 Do. 

+18 1889 

In southern Maryland, wells tapping the Piney 
Point by 1907 were utilized primarily for domestic 
and small business purposes . No large-capacity 
wells were reported in the aquifer. However, cumula
tive domestic pumpage and free-flowing wells 
doubtless amounted to a significant quantity of 
water and, consequently, a reduction in the head 
of the Piney Point aquifer as great as 15 ft took 
place in southern Maryland between the early 
1890's and 1907. 

Figure 7 is an approximation ofthe prepumping 
Piney Point potentiometric surface. This map is 
based on historical data (Darton, 1896, and Clark 
and others, 1918) and reflects the author's concep
tual model of the natural flow pattern in the 
aquifer. 



Table 2. - Major users of the Piney Point aquifer and their pumping rates. 

[E is scientific notation (for example , 3 . 92E- 2 "" 3 . 92xlO-2 )] 

Average pumping rate ft 3/5 
Owner 

USGS Grid (Nga1/yr) 

Coun t y 
o r 

No . No . 
name 

June- June 1 June- June 

I 
June - June 

I 
June- June I June - June 

1952-1960 1960 - 1970 19 70 - 1974 1974- 1975 1975- 1976 

r-tARYLAND 

Ca l vert \.Jh i t e Sands Co r p . 
y CAL- Ed 17 5-15 3 . 15E- 3 1. 82E- 2 1. 86E- 2 1. 90E- 2 2 . 1OE- 2 

Ed 32 (0 . 74) (4 . 29) (4 . 39) (4 . 48) (4 . 95) 

Long Beach \.Ja ter Co . 
Jj CAL- Ed 19 5- 17 3 . 60E-3 3 . 27E- 2 3 . 81E- 2 3 . 81E- 2 3 . 81E- 2 

Ed 20 (0.85) (7 . 71) (8 . 99) (8 . 99) (8 . 99) 
Ed 33 

Chesapeake Biologica l Lab . CAL-Gd 46 8-11 7 . 42E- 3 7 . /, 2E- 3 7 . 42E- 3 7 . 42E- 3 
(1. 75) (1. 75) (1. 75) (1. 75) 

Shephe r d's rIa rina CAL- Gd 54 8- 11 1. 2 7E- 2 1. 60E- 2 1. 60E- 2 
(2 . 99) (3 . 77) (3 . 77) 

Chesapeake Ranch Estates CAL- Fd 38 8- 13 8 . 4E- 3 9 . 3E- 3 1. 80E- 2 1. 80E- 2 
(1.98) (2 . 19) (4 . 25) (4 . 25) 

Domestic and small Va rious 3 . 92E- 2 8 . 11E-2 1. 43E- 1 2 . 120- 1 2 . 600-1 
industrial locations (9 . 25) (19 . 13) (33 . 73) (50.05) (61. 34) 

Total County Pumpage 4 . 595E- 2 1. 478E- l 2 . 291E- l 3 . 105E- 1 3 . 605E- 1 
(10 . 84) (34 . 87) (54 . OS) (73 . 25) (85 . 04) 

St . Nary ' 5 Town Creek \.Ja ter System St - ~t-Df 49 7-9 3.45E- 2 1. 16E- l 1. 83E- 1 1. 86E- 1 1.53E- l 
Of 54 (8 . 14) (27 . 36) (43 . 17) (43 . 8) (36 . 09) 
Of 67 
Of 68 
Of 69 

Esperanza ~tiddle Schoo l St - ~!-Df SO 8-8 2 . 54E- 2 4 . 67E- 2 4 . 67E- 2 4 . 01E- 2 4 . 05E- 2 
Greenvie .... ' Knolls St-N- Df 53 (5 . 99) (11. 01) (11. 01) (9 . 46) (9 . 55) 

St- N- Df 60 
Fred Painter St-~l-Df 56 

James Hill St-~l- Ef 65 9-6 4 . 00E- 2 4 . 00E- 2 3 . 5E- 2 3.00E- 2 3 . 10E-2 
Ef 66 (9 . 40) (9 . 40) (8 . 26) (7 . 08) (7 . 31) 

Pa tuxen t Naval Air Base St-~I- D[ 9-9 2 . 30E- l 1. 47E-l 1. 13E- l 1. 07E- 1 1. 15E-l 
Of 9 (54 . 3) (34 . 7) (26 . 7) (25 . 2) (27 . 13) 
Of 14 
Of 38 

Of 19 10- 9 2 . 10E-3 1. 90E- 3 1. 80E- 3 1. 80E- 3 1. 80E- 3 
(0 . 5) (0.45) (0 . 42) (0 . 42) (0 . 42) 

Armory 10- 11 2 . 10E- 3 1. 90E- 3 1. 80E- 3 1. 80E- 3 1. 80E- 3 
(0 . 50) (0 . 45) (0 . 42) (0 . 42) (0 . 42) 

St- N- Dg 2 Y 11-10 3 . 57E- 2 2 . 82E- 2 
(8 . 42) (6.65) 

St - N- Df 11-11 2 . 10E-3 1. 90E- 3 1. 80E- 3 1. 80E- 3 1. 80E-3 
(0 . 5) (0 . 45) ( 0 . 42) (0 . 42) (0 . 42) 

Steuart Petroleum Co . St - N- Fe 23 10-4 3 . 59E-2 3 . 61£- 2 3 . 86E- 2 4 . 63E- 2 5 . 23E- 2 
Fe 24 (8 . 47) (8 . 51) (9 . 10) (10 . 92) (12 . 34) 

Domestic and sma l l Various 2 . 39E- 1 3.08E- l 4 . 91£- 1 6 . 93E- l 7 . 194E- 1 
i ndustrial users . locations (56 . 3) (72 . 7) (115 . 8) (163 . 4) (169 . 7) 

Total County Pumpage 6 . 111E-l 6 . 995E- 1 9 . 127E- l 1. 143 1 . 145 
(144 . 15) (165 . 00) ( 215 . 30) (269 . 74) (270 . OS) 
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Table 2., Con't. 

[E is equal to 10 (for example , 3 . 92E-2 = 3 . 92xl0- 2)J 

Average pumping rate ft) /s 
O\.,rner 

USGS Grid 
( Hga1 /yr) 

County 
or 

No . No . 
name 

June-June 

I 
June- June 

I 
June- June 

I 
June-J une 

\ 
June- June 

1952-1960 1960-1970 1970-1974 1974 - 1975 1975- 1976 

~lARYLAND-- Con tinued 

Caroline Town a f Greensboro CO- Cd 48 

Greensboro School CO-Cd 49 
Cd 50 

Electro-Therm, Inc . CO-Dc 130 

Denton High Sc hool CO- Dc 133 

l'lartinak State Park CO- Dc 132 

1'm"n 0 f Den ton CO-Dd 2 
Dd 46 

CO-D el 

Total County Pumpage 

Queen Anne I 5 Friel Cannery QA- Ee 12 
Ee 18 
Ee 19 
Ee 20 
Ee 21 

Talbot Ti lghman Packing Co . TAL-Db 43 

Nartingham Inn TAL-Cc 34 

Tmm of Trappe TAL-Ee 
Ee 35 

Trappe Frozen Foods TAL-Ee 

Domes tic a nd small 
indus t ria l 

Total County Pumpage 

Changes Between The Prepumping And 
1952 Potentiometric Surfaces 

11- 45 

11-45 

12-42 

12- 43 

13- 40 

13- 41 

13-42 

5-39 

4- 28 

4-33 

11- 32 

12- 32 

Various 
locations 

By the early 1950's, water levels in parts of the 
Piney Point aquifer had undergone drastic de
clines. On the Eastern Shore, a significant cone of 
depression was centered around Cambridge. This 
cone had spread as far as Honga, approximately 
20 mi southwest of Cambridge. In southern Mary
land, water levels had not declined as much as 
they had in Cambridge; however, a small cone of 
depression was evident in and around the Patux
ent Naval Air Base at Lexington Park. In other 

18 

4 . 24E- 2 4 . 24E- 2 8 . 78E-2 9 . 56E- 2 1. 46E-1 
(10 . 00) (10.00) ( 20 . 72) (22 . 55 ) (34 . 43) 

2 . 20E-3 4 . 40E- 3 4 . 40E- 3 
(0 . 52) (1.04) (1.04) 

1. 00E- 2 2 . 30E- 2 2 . 30E- 2 
(2 . 36) (5 . 43) (5.43) 

1 . 54E-2 1. 54E- 2 1 . 54E- 2 1. 54E- 2 
(3 . 63) (3 . 63) (3.63) (3 . 63) 

2 . 10E-3 2 . 20E- 3 2 . 20E- 3 
(0 . 50) (0.54) (0 . 54) 

1.3E- l 2 . 0E-1 0.380 0 . 399 0 . 43 
(30 . 67) (47 . 18) (89 . 64) (94 . 13) (101. 44) 

1. 3E- l 2 . 0E-l 5 . 08E- 2 5 . 08E- 2 6 . 70E- 2 
(30 . 67) (47 . 18) (11 . 98) (11. 98) (15 . 80) 

3.024E-l 4 . 578E-l 5.483E-1 5 . 904E- l 6 . 88E-l 
(71.34) (108 . 00) (129 . 35) (139 . 28) (162 . 30) 

6 . 36E- 2 1. OlE- l 1. 47E- l 1. 85 E- l 1. 79E-1 
(15 . 00) (23 . 82) (34 . 68) (43.64) (42 . 22) 

1. 70E-2 1. 70E-2 1. 70E- 2 1 . 70E- 2 1. 70E- 2 
(4 . 01) (4 . 01) (4 . 01) (4 . 01) (4 . 01) 

5.00E- 3 1 . 58E- 2 1.58E- 2 
(1. 18) (3 . 72) (3 . 72 ) 

4 . 48E- 2 5 . 00E-2 6 . 90E- 2 8.90E- 2 8 . 90E- 2 
(10.57) (11 . 79) (1 6.28) (21. 00 ) (21.00) 

9 . 10E-2 1. 40E-l 1. 89E- 1 2 . 10E- 1 4 . 20E- 3 

(21.46) (33 . 02) (44 . 60) (49 .54) (0 . 99) 

4 . 66E-2 8 . 68E-2 1. 14E- 1 1. 58E-1 1. 74E- 1 
(10 . 99) (20 . 48) (26 . 89) (37 . 27) (41. 04) 

1. 994 E- l 2 . 938E-l 3.94E-1 4 . 90E- 1 3.00E- l 
(47 . 04 ) (69 . 30) (92 . 94) (115 . 54) (70 . 77) 

parts of southern Maryland, pumpage from domes
tic wells resulted in a significant drawdown. 
Water levels in the Piney Point aquifer declined in 
all but the extreme northern part of the southern 
Maryland study area. 

Otton (1955) published the first potentiometric 
map of the Piney Point-Nanjemoy aquifer in 
southern Maryland. Rasmussen and Slaughter 
(1957), in their study ofthe hydrogeology of Caro
line, Dorchester, and Talbot Counties, published 
the first potentiometric map of the Piney Point 
aquifer in eastern Maryland. Between the study 
by Clark (1918) and that of Ott on and Rasmussen and 



Table 2., Con't. 

{E is scientific notation (for example , 3 . 92 

Average pumping rate ft
3
/s 

Owner USGS Grid (~lga1/yr) 

County 
or No . No . 

name June- June 

I 
June-J une 

I 
June- June 

I 
June- June 

I 
June- June 

1952- 1960 1960-1970 1970- 1974 1974- 1975 1975- 1976 

HARYLAND--Con tinued 

Dorchester Cambridge Country Club DOR-Cd 48 11- 27 1 . 42E- 2 1. 46E-2 
(3.35) (3 . 44) 

City of Cambridge DOR- Cd 43 13- 27 7 . 50E- 1 1.18 1. 37 1.41 
(176 . 92) (278 . 35) (323 . 17) (332 . 60) 

Ce 14-27 2 . 65 1. 24 8 . 10E- 1 6 . 30E- 1 
Ce (625 . 11) (29Z . 50) (191. 07) (148.61) 
Ce 
Ce 

Ce 10 14-28 2 . 60£- 1 1.00£-1 3 . 70E-2 2 . 60E- 2 
(61. 33) (23 . 59) (8 . 73) (6 . 13) 

Ce 12 15- 27 5.40E-1 1.15 8 . 50E- 1 8 . 97E- 1 9.07E- 1 
Ce 13 (127 . 38) (271 . 27) (200.51) (211. 59) (213 . 95) 

Ce 78 15- 26 3 . 81E- 1 1.18 9 . 40E- 1 1.17 
(89 . 87) (278.35) (221.74) (275 . 99) 

Andrews and Son Cannery DOR-Cd 50 14- 25 6 . 70E- 3 3.40E- 2 2 . 60E- 2 
(1. 58) (8 . 02) (6 . 13) 

Hanover Brands, Inc. DOR- Ce 61 16- 27 5 . 70E-1 4.14E- 1 3 . 63E-1 2 . 45E- 1 1.52E-1 
(134 . 46) (97 . 66) (85 . 63) (57.79) (35 . 86) 

Bumble Bee Cannery DOR-Ce 62 16-27 6 . 80E- 1 2 . 78E- 1 1. 71E- 1 9 . 7E- 2 1.14E- 1 
7Z (160.40) (65 . 57) (40 . 34) (22.88) (26 . 89) 

Blackwa ter Farms. Inc . DOR-Dd 11 17- 21 1. 90E- 3 2 . 00E-3 
(0 . 45) (0.47) 

Bonnie Brook Subdivision DOR- Ce 74 17- 28 2 . 10£- 2 2 . 58E-2 2 . 88E- 2 2 . 9ZE-2 
75 (4 . 954) (6 . 086) (6 . 793) (6 . 888) 

Town of Secretary DOR- 8f 18- 32 6 . 00E-2 6 . 00E- 2 4 . 00E- 2 4 . 24E- 2 4.24E- 2 
(14 . 15) (14.15) (9 . 44) (10.00) (10.00) 

Domestic and small Various 9 . 37E-2 1. 27E-1 1. 40E- 1 1. 51E- 1 1.57E-1 
i ndustrial locations (22 .10) (30 . 05) (33 . 02) (35 . 62) (37 . 03) 

Total County Pumpage 4 . 854 4 . 521 4 . 803 4 . 477 4 . 024 
(1145 . 00) (1066 . 46) (1133 . 09) (1056 . 05) (949 . 26 ) 

TOTAL FOR ,IARYLAND 6 . 076 6 . 223 7 . 034 7 . 195 6 . 696 
(1433 . 36) (1468.06) (1659 . 38) (1697 . 55) (1579 . 74) 

DELAliARE 

Kent Various owners Various Various 2 . 03 2 . 877 3 . 663 4 . 239 
numbers l oea cians (478 . 89) (678 . 70) (864 . 12) (1000 . 00) 

TOTAL FOR ,IARYLANll AND DELAWARE 6 . 076 8.253 9 . 911 10 . 858 10 . 935 
(1433 . 36) (1946 . 93) (2338.06) (2561. 46) (2579 . 62) 

1/ Combination Piney Point-Nanjemoy aquifer. 

1.1 \.[ell screened in t he Aquia Formation until April 1973 . After that date, well redesigned as multi-aquifer well with screens in the Piney Point , 
Nanjemoy and Aquia aquife rs. Half of annual pumpage assumed to be from Piney Point aquifer . 

NOTE : Pumpage values shown are rounded to two decimal places . Nany values given for pumping periods 1960- 70 and earlier were approximated . 
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EXPLANATION 

- -20- POTENT IO METR IC CONTOUR--Sh o w s altitude of the 

p o ten t i o metriC sur face under natural nonpumplng conditions. 

a p pro x I m a Ie! y 10 c at e d C o n IOU r if) I e r val 5 and 10 fe e I . 

Datum IS mean sea level 

: WELL USED FOR CON TROL '-Number IS appr O ximate altitude 

o f poten ti ometriC sur fa ce in l eet. above mean sea level. 

L-,---.:?f.----,--------'--r'o' __ -.'-\5_---,-_-'2,0 HILES 

5 ° 15 

Q 'll 

MA~{~~m~t1) 
t'1 ';Xl 
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10.;' Ih l" 'l!\IonlA',1l Llllil}Cll ' ,x, If(\'t'l . ')1>1\ : . :. ,O , noo 

Figure 7.-Estimated prepumping potentiometric surface of the Piney Point aquifer. 
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Slaughter, very few reliable water-lev el measure
ments of the Piney Point aquifer were recorded. 

Plate 2 shows the potentiometric surface of the 
Piney Point aquifer in 1952 for Maryland and Del
aware. This plate was prepared by combining 
selected water-level measurements of the Piney 
Point from Otton (1955) , Rasmussen and Slaugh
ter (1957), and historical water- level data from 
Delaware (P .P. Leahy, U.S. Geological Survey, 
Dover, Del. , oral commun. , 1977). The data in plate 
2 represent the basis for a large part ofthe calibra
tion of the model. 

Water-Level Changes Between 
1952 And 1976 

During May 27-28, 1976, water-level m easure
ments were made in 104 Piney Point wells. A map 
of the potentiometric surface of the aquifer was 
prepared (pI. 3); this map is the first synoptic water 
-l evel contour map ever made of the entire Piney 
Point aq uifer in Mary land and Delaware. Lack of 
observation wells and hence, la ck of control in 
southern Dorchester County necessitated the use 
of a few reported water levels obtained from well 
drillers ' reports. 

The 1976 map was compa red with the 1952 map 
and a water-level change map between 1952 and 
1976 was prepared (pI. 4) . The most noticea ble 
cha nges between the 1952 and 1976 potentiomet
ric surfaces are: (1) The rise in wa ter levels in 
Cambridge and the Patuxent Naval Air Station, 
(2) the large water-level declines in Delaware 
resulting in an extensive cone of depression cen
tered around Dover, and (3) the small cone of 
depression established around Denton . 

Various approximations were inherent in pre
parin g the water-level change map. The mea
surements for the 1952 map were collected during 
a period of more than a year compared to only a 
2-day period for the 1976 map. In most cases , dif
ferent control points were utilized in preparing the 
two maps , and the 1952 water-level surface in Del
aware was only approximately known because of 
the relatively few wells in the P in ey Point a quifer. 
However, even with the above discrepancies , plate 
4 is probably reasonably accura te. The 1952-76 
water-level ch ange map is one of the key control
ling factors in the calibration of the Piney Point 
model. 
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Observation-Well Trends 1950-76 

To determine the trend and rate of ch ange ofth e 
potentiometric surface of an aquifer, it is neces
sary to periodically measure the water levels of 
wells that are screened only in that aq uifer. Up 
until 1975, on ly a few well s in the Piney Point 
aquifer had been measured by the U.s. Geological 
Survey on a periodic basis. During 1975 and 1976, 
17 addit ional wells in the Piney Point were drilled 
and added to this network (table 2a) . F igure 8 
shows selected hydrographs ofthe pre-1975 observa
tion-well n etwork. Of these hydrographs, well Cal
Gd-5, located at Solomons in Calvert Coun ty, has 
the longest measurement period (1950 to 1977). 
Water levels in this well were generally constant 
until the fa ll of 1963. From that date until 1976, 
water levels declined 10 ft . because of a large 
increase in pumping for res idential and business 
use. The two wells in the Piney Point in St. Mary's 
County, Ef-57 and Fg-45, both depict a slightly 
downward water-l evel trend. 

The other pre-1975 observation wells in the 
Piney Point shown in figure 8 are located in Dor
chester County. Two of these are located within 
the city limits of Cambridge and their water levels 
are constantly affected by nearby pumping wells. 
Despite the erratic nature of the record caused by 
pumping well s being turned off and on, the long
term water-level trend in these wells can be recog
nized. Both of the Cambridge observation wells, 
Cd-42 and Ce-21, show slightly rising water levels 
from 1958 until mid-1963, declining water levels 
from 1963 to 1971, and rising water levels from late 
1971 until the present. Well Cd-I , located 4 mi 
southwest of Cambridge, is outside the range of 
the day-to-day influence of major pumping cen
ters, although it does respond very rapidly to 
changes in the overall pumping pattern at Cam
bridge. The water level in this well is representa
tive of the static water level of the Piney Point 
aquifer and confirms the trend observed for wells 
Cd-42 and Ce-21. 

The expanded observation-well network (23 wells 
in 1977) provides a more adequate picture of the 
water-level trends in the Pin ey Point aquifer and 
will provide a more reliable base for future model
ing studies. 



Table 2a.-Records of Piney Point observation wells drilled during the project. 

Geophysical logs: G, gamma ray; M, multi-point e l ectric ; S , single- point electric . 

U. S. G.S. 
well 

No. 

CA-Fd-50 

CA- Fd - 5l 

CA- Fd-52 

CA- Fe-22 

CO- Sd- 53 

CO- Od - 47 

DO- Bg-59 

DO-Db-17 

SH-Od- 46 

SH-Of-66 

SH-Eg- 27 

SH- Fe- 30 

State 
permit 

No . 

CA- 7J-1448 

Location 
(Grid No . ) 

Appeal 
(8- 13) 

CA- 73- l449 Calvert Cliffs 
Park (6-15) 

CA- 73-1450 Sollers 
(6- 13) 

CA- 73- 1386 Cove Poin t 
(8- 15) 

CO- 73- 054l Goldsboro 
(10-47) 

Co-73- 0486 Denton 
(14- 41) 

CO- 73- 0546 Preston 
(17-34) 

00- 73- 0612 Hurlock 
(21-34) 

00- 73-0557 Taylor Is l and 
(9- 19) 

SH- 73- l992 Redgate 
(5- 4) 

SH- 73-l990 Cal ifornia 
(8-10) 

SH-73- 1993 St . James 
(14-7) 

SM- 73-l9l7 Piney Point 
(11- 3) 

TA- Bf- 80 TA-7 3- 07 56 Cordova 
(8-37) 

TA- Cc- 35 TA-73- 0767 Tunis Hills 
(5- 34 ) 

TA- Cc - 36 TA- 73- 0750 Newcomb 
(6- 33) 

TA- Cf-22 TA- 73- 0798 Hat hews 
(12-37) 

Latitude 
Longitude 

38°21 '19" 
76°25 ' 59 " 

38°24 ' 08" 
76°26 ' 04" 

38°23 ' 16" 
76°28 '48" 

38°23 ' 24 " 
76°24 ' 47" 

39°02 ' 27" 
75°47 '02" 

38°52 '17" 
75°49 ' 06" 

38°42 ' 16" 
75°54 ' 12" 

38°37 ' 08" 
75°50 ' 38" 

38°28 ' 00" 
76° 18 '07" 

38°16 '16" 
76°36 ' 47" 

38°18 ' 41" 
76°28 ' 44 " 

38°12 ' 13" 
76°22 ' 28" 

38°08 ' 34" 
76°30' 34 " 

38°52 ' 27 " 
75°59 ' 47 " 

38°49 ' 23 " 
76°10 ' 06 " 

38°45 ' 14" 
76°10'37" 

38°49' 31" 
75°55 ' 20" 

Altitude 
of land 
surface 

(ft) 

94 

120 

101 

102 

60 

46 

28 

25 

4 

115 

15 

10 

9 

47 

5 

34 

Date 
drilled 

9- 20- 76 

9-29- 76 

9- 27- 76 

6- 10- 76 

2- 12- 76 

11- 3- 75 

2- 7.5 - 76 

9-22-76 

6- 30- 76 

7-19-76 

7-15- 76 

7- 23-76 

6- 3- 76 

10- 6- 76 

7- 8- 76 

9-20- 76 

10- 5- 76 

Drilled 
depth 

(ft 
below 
land 

surface) 

401 

390 

318 

350 

312 

380 

520 

559 

320 

341 

341 

341 

297 

459 

220 

259 

399 

22 

Construct i on 
data 

Screen 
posi-
tion 

Geophysi-

Static 
water 
level 
(ft be
low land 
surface 
Date of 
measure-

Diam
eter 
(in) 

(ft 
be l ow 
land 
sur
face) 

Core 
samp l e 
(ft be

low 
land 

surface) cal l ogs Driller ment 

6- 2 340- 350 257- 260 G Pat uxent Pump & Hell 109.6 
9- 22- 76 

6- 2 342- 352 S 

6- 2 308- 318 130 G, S 

6- 2 340- 350 G, H, S 

6- 2 300- 312 G, H 

4- 2 370- 380 G, H 

6- 2 480- 520 398.0- 398.5 G, M 

6- 2 52 7- 537 G, S 

27 0- 280 G, S 

6-2 286- 296 237.0-237 . 1 G, S 

6-2 248- 258 G, S 

6-2 310-320 

6-2 260-270 197 G, ~1 

6- 2 351- 371 G 

6- 2 170-180 157-159 G, S 

6-2 231-241 G, S 

6-2 361-371 G, S 

Inc . 

Patuxent Pump & Hell 
Inc . 

Patuxent Pump & \-Iell 
Inc. 

Patuxent Pump & Hell 
Inc. 

De l marva Drilling Co. 
Inc . 

Ideal \.]ell Drillers 

122 . 69 
2- 8-77 

91. 70 
11-16-76 

111 . 87 
6-29- 76 

28 . 76 
3- 4- 76 

65 . 65 
4- 23- 76 

De l marva Drilling Co. 49.58 
I nc. 3- 4-76 

Shannahan Artesian 
\-Iell Co. Inc . 

Ideal Hell Drillers 

34.85 
10- 4-76 

6.96 
5- 18- 77 

Pa tuxent Pump & \.]ell 110.46 
Inc . 10- 6- 76 

Pa tuxent Pump & Hell 
Inc. 

Pat uxent Pump & \.]ell 
Inc . 

Patuxent Pump & Hell 
Inc . 

Shannahan Artesian 
\-Iel l Co . Inc. 

Ideal Hell Drillers 

Shannahan Artesian 
Hell Co. Inc . 

Shannahan Artesian 
\.]el l Co. Inc. 

37 . 40 
7- 21-76 

21. 1 
8- 10- 76 

15 . 35 
8- 25 - 76 

12. 48 
10- 7-76 

2 . 75 
8- 3- 76 

11.30 
10- 7- 76 

32 . 20 
10- 7-76 
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Figure B.-Selected hydrographs of observation wells in the Piney Point aquifer. 
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RECHARGE AND DIRECTION OF FLOW 

Because the Piney Point aquifer does not out
crop at the la nd surface, it cannot receive its 
recharge directly from precipitation. Instead, it 
obtains water from other aquifers. This occurs 
when the head differenti a l between the Piney 
Point and aquifers above or below are great 
enough to induce water to leak through semicon
fining material separating the aquifers. For ex
ample, in the Cambridge area, the next major 
aquifer (Cheswold) above the Piney Point has a 
water-level 60 to 80 ft. higher than that of the 
Piney Point. 

In the horizontal direction, ground water gener-

Southern Maryland 
_~--..!o"01 s: 

. ___ . - - - - -- UrI:. 

---- - bl ....... °c Water·ta e aquifer --..--.. 19 - _._- - ---

Confining 
material 

ally moves at right angles to potentiometric con
tours and from contours with high values to those 
with lower values. Figure 7 shows the estimated 
potentiometric surface of the Piney Point a quifer 
before pumping. Ground-water movement in the 
aquifer on the Eastern Shore was toward the Ches
apeake Bay in the western part of that area and 
toward th e Nanticoke River in the eastern part. 

When an a quifer is heavily pumped, the with
drawal of water alters .the natural flow pattern. 
For example, plate 3 shows that heavy withdraw
als at Cambridge, Md., have caused ground-water 
movement in the aq uifer in that area to reverse its 
natura l flow pattern a nd develop a new flow sys
tem with movement toward Cambridge. 

Eastern Maryland 
NE 

Land Surface 
\1_ - - -

- w-;;te~table aquifer 

~Ches~ 

Confining 
material 

PINEY POINT AQUIFER 
NOT TO SCALE 

Figure 9.-Relationship of the confining material and contributing aquifer. 
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GEOHYDROLOGY OF THE UPPER CONFINING 
MATERIAL AND CONTRIBUTING AQUIFER 

THICKNESS OF THE UPPER CONFINING 
MATERIAL 

The upp er confining material ofth e Piney Point 
aquifer refers to the layers of clay, s il t, cl ayey 
sand, and thin sa nd stringers overlying the Pin ey 
Point aqui fer and below the base ofth e next m a jor 
aquifer above th e Piney Point. Depending upon 
the location within the study area, the n ext major 
aq uifer a bove the Piney Point aq uifer may either 
be the Ch eswold aquifer in eastern Ma ryland , as 
defined by Cushing and others (1973), or the low
land and upland deposits in southern Mary la nd, 
as defin ed by Otton (1955). The lowland a nd 
upland deposits function as a water-table aquifer 
and will be referred to as th e "water-table" aq uifer. 
Figure 9 is a schematic diagram s howing the r ela 
tionship ofthe Piney Point aquifer, the upper con
fining material, a nd the contributing a quifers . 

The thickness m ap of the upper confining mate
rial (fig. 10) was constructed fro m geophysica l 
logs of boreholes that penetrated a t least to the top 
ofthe Piney Poin t aq ui fer. The difference between 
the base of the next m ajor aquifers a bove the 
Piney Point a nd the top of the Piney Point aq uifer 
is the thickness of the upper confining ma teria l. 

VERTICAL HYDRAULIC CONDUCTIVITY 
OF THE CONFINING MATERIAL 

During the test-drilling phase of this study, sev
eral undisturbed cores of the upper confining 
material were r ecovered for laboratory testing of 

vertical hydra ulic conductivity (Kv). The results 
ofthese tests , shown in table 3, represent vertical 
hydraulic-conductivity values at a specific posi
tion within the confining material and mayor 
may not represent the average vertical hydraulic 
conductivity of the entire confining m a terial. 
Leahy (1976) r eported vertical hydraulic-con
ductivity values of 4.63x10- 111 to 1.04x10-!) ft / s, 
determined during a 25-day pumping test in Dover, 
Del. N emickas and Carswell (1976) reported verti
cal hydraulic-conductivity offour cores from Cumber
land County , N.J., to r ange from 2.31x10- 111 to 
6.02x10-1 11 ft / s. Although it may be somewhat spe
culative to make generalizations concerning the 
vertica l hydra ulic conductivity of the upper con
fining material beca use of the sparsity of availa
ble da ta, the vertical hydraulic - conductivity 
values available seem to indicate a trend toward 
lower values in an easterly direction. 

WATER-LEVEL TRENDS IN THE 
CONTRIBUTING AQUIFER 

The principa l source of water for recharging the 
Piney Poin t aq uifer is leakage from the next major 
aquifer above the Piney Point, the Cheswold 
aquifer in eastern Maryland and the water-table 
aquifer (lowland and upland deposits) in southern 
Maryla nd. 

Table 3.-Vertical hydraulic conductivity values (Kv) of the upper confining material 
determined by laboratory methods. 

Hydraulic conduc tivity, Conso lidation 
Neares t USGS Sample depth K, fr om conso lidation load

2 
County town well meters em/ sec Kg/em 

No . ( ft) (ft/sec) Ob/in2) 
Permean t 

- 8 
7 .03 121.31-121.46 7 . 1xl0_

9 (398-398.5) (2 . 33x l0 ) (00) Simula t ed formation water . 

Caro l ine Pres t on CO-Fc - 29 
-6 

121.46-121.55 2 . 57xl0_
8 

70. 3 
(398 . 5- 398 . 8) (8.45xlO ) ( 1000) Do. 

- 6 
6.33 48.00-48.16 8 . 4xlO_

7 (157 . 5-158) (2 . 76xlO ) (90) Di s t i 1led wa ter. 

Talbot Tunis Mills TA- Cc -35 
-6 

48 . 16- 48 . 46 5 . 6x l0_
7 

6 . 33 
( 158- 159) ( 1. 8x l0 ) (90) 

Do. 

-7 
6.33 Calvert So llers CA-Fd - 52 39.62-39.78 3 . 39xl0_

8 030- 130 .5 ) 0 .l1xl0 ) (90 ) 
Distilled water. 

- 6 
6 . 33 72.24-72.27 9 . 0x l0_

7 Redgate SH- Dd- 46 
(237- 237.1) (2 . 95xl0 ) (90 ) Distilled water . 

St. Marys - 7 
70 .3 66 . 14-66.29 1.20xl0_

9 St . James SH-Eg- 28 
(217 - 217 . 5) 0.94xl0 ) ( 1000) Simulated formation water. 
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Figure 11.-Selected hydrographs of wells in the upper contributing aquifers. 

The water-table aquifer in southern Maryland is 
presently utilized only by domestic well owners. 
As these shallow wells increase in age and require 
repair work, they are in many cases, abandoned. 
The replacement well is more often than not 
drilled into the Piney Point and (or) Nanjemoy 
aquifer. 

Figure 11(a) shows a hydrograph of well St.M
Df 26 from 1968 to 1977. The hydrograph reflects 
the present trend ofthe water-level surface within 
the water-table aquifer. An earlier hydrograph of 
this same well, from 1948 to 1968, is shown in 
Weigle and Webb(1970a,pl. 4) . This water level 
shows little fluctation (+2.5 ft) , and the trend 
appears to be relatively flat. The water levels do 
not appear to be influenced by water-level declines 
in the Piney Point, indicating that recharge from 
precipitation greatly exceeds the amount of down
ward leakage. 

The Cheswold aquifer in eastern Maryland is 
more heavily pumped than the water-table aquifer 
of southern Maryland. Cushing and others (1973, 
p. 43) estimate that 7.5 Mgalld are pumped from 
the Cheswold aquifer on the Delmarva Peninsula, 
90 percent of which is withdrawn in or near Dover, 
Del. The heavy pumpage in Dover h as resulted in 
50 to 100 ft of water-level declines in the Cheswold 
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aquifer in that area. 
In Maryland, the Cheswold aquifer is mainly 

used for domestic a nd small commercial - in
dustrial purposes n ear Cambridge, along a strip 
from Easton to Queen Anne to Denton, and in 
southwestern and northern Carolin e County. The 
present water-level trend in the Cheswold aquifer 
at Cambridge shows a slight rise [fig. 11 (b)]. In the 
early 1900's, water levels in the Cheswold aquifer 
in Cambridge were approximately at sea level. 
The altitude of land surface at well Dor-Ce 85 is 
about 15 ft above sea level. Therefore, water levels 
in the Cheswold aquifer have declined about 10 ft 
at that site. Because the Cheswold aquifer has 
never been heavily pumped in the Cambridge 
area, part of this decline in the water level in well 
Dor-Ce 85 is believed to be due to a lowering of 
h ead in the Piney Point aquifer, which is inducing 
leakage of water from th e Cheswold into the Piney 
Point. Water-level declines in the Cheswold 
aquifer in Cambridge probably halted during the 
early 1960's when withdrawals from the Piney 
Point aquifer began to level off. The slight rise in 
water levels (approximately 1.5 ft between 1974 
and 1977) in the Cheswold aquifer is probably due 
to the cutback in pumpage of the Piney Point. 



AQUIFER SIMULATION AND ANALYSIS 

DESCRIPTION OF THE PINEY POINT 
AQUIFER MODEL 

Grid Design 
The modeled area was divided into a rectangu

lar grid having 25 rows a nd 59 columns for a total 
of 1,475 blocks (pL 1). A variable grid was used 
with density of blocks being greater where greater 
accuracy was desired. A multiplication factor of 
1.5 was used to vary the block size. The smallest 
block size is 1 mi ~ and the largest is 17.1 mi l. By 
convention, the point at the center of each block is 
called the node. The row-column system I,J was 
used to label each node. For example, the index for 
the node (3,4) refers to the center ofthe block which 
corresponds to row 3, column 4 of the grid. Each 
input value (transmissivity , vertical conductivity, 
etc.) assigned to a node is considered to be th e 
average value over the entire block. Similarly, 
each output value (hydraulic head, drawdown) is 
a lso an average value for that block. 

Model and Boundaries 

One of the first steps toward the construction of 
the aquifer model was the selection of boundaries . 
The model boundaries do not coincide with the 
boundaries of the study area (fig. 1). The Piney 
Point aquifer extends from Virginia to New J er
sey, and from the subsurface truncation line (ap
proximately 1 to 2 miles north of the -100-ft. con
tour line) in Maryland to beneath the Atlantic 
Ocean. The northwestern boundary of the model 
approximates the subsurface truncation bound
ary ofthe Piney Poin t aq uifer and is assumed to be 
a no-flow boundary. The northeastern, southeast
ern and southwestern boundaries ofthe model are 
a lso assumed to be no-flow boundaries and were 
placed far enough away from the study area to 
have minimal effect on water levels within the 
study area. The southwestern and southeastern 
boundaries are placed in areas of low transmissivi
ty (pL 5) so that the assumption of no flow is rea
sonable. The northeastern boundary is far re
moved from the principal areas of concern in thi s 
study and its effects are masked by the pumping 
center at Dover, DeL 
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Lower and upper boundaries are a lso needed for 
. th e modeL The lower boundary separating the 
base of the Piney Point aquifer from th e und erly
ing confining ma teri a l is modeled as a no-flow 
boundary. Some vertical lea kage might exist be
tween the Piney Point aq uifer a nd the aquifer 
und erlying the Piney Point. However, extremely 
tight clay layers (for example, Marlboro C lay , 
member of the Nanjemoy Formation , a nd others) 
are beli eved to limi t to a small amount any lea k
age through the lower boundary . In fact, in the 
Cambridge area approximately 600 ft of clay a nd 
silty clay separate the Piney Point from the nex t 
lower aq uifer. For modeling purposes, any leakage 
through the lower boundary is lumped with lea k
age through the upper boundary . The upper boun
dary is defin ed in the model as a vertica l leakage 
boundary that transmits rec harge into th e Piney 
Point through overlying confining materials. The 
rate of vertica l leakage depends on the gradient 
across the confining bed and the verti cal cond uc
tivity of the confining bed. 

Transmissivity And Storage 
Coefficient 

Average transmissivity values for each block of 
the grid were es tim ated from plate 5 and entered 
into the model as a matrix . The value of 3.0xlO -1 

represents an average of the storage coefficient 
valu es available a nd was used for the entire 
aquifer. 

Starting Head In The Piney Point 
Aquifer 

Actual steady-state (prepumping) h ead values 
were not accurately known , so they could not be 
used as a starting surface for the Piney Point 
aquifer during mod el simulations. Therefore, the 
principle of superposition was utilized; pumpage 
was treated as a change imposed on an initial 
condition of no flow within the aquiifer; draw
down was considered to take place from an initially 
fl at potentiometric surface. 



Vertical Hydraulic Conductivity 
Of The Upper Confining Material 

Values fo r this parameter were determined by 
the trial a nd error method during calibration of 
the model. For example, if the mod el simulation 
showed that less leakage was req uired to match 
the model's simulated water-level changes with 
the actual measured changes, then the vertical 
hydra ulic conductivity value was lowered for that 
area. The range of values is from 1.0x10-H f tls to 
1.0x10- 1 ~ ft / s. The values used are generally lower 
than those determined from core a n a lysis (table 
3), but agreement was usua lly within an order of 
magnitude in most instances . 

Specific Storage Of The Confining 
Material 

Leahy (1978, in preparation ) used a value of 
6.0x10-'i ft- I for specific storage of th e confining 
material in Delaware. This value was based on a 
25-day hydrauli c test of the overlying confining 
materia l n ear Dover (Leahy, 1976). In the absence 
of other da ta, 6.0x10-'i ft- I was also used in this 
study. 

Thickness Of The Upper Confining 
Material 

Average thickness of the confinin g material for 
each block of the grid was estimated from figure 
10. This parameter was one of the better known 
quantities and therefore was not varied in the cali
bra tion procedure. 

Starting Head In The Contributing 
Aquifer 

An initia l starting surface equal to that of the 
starting surface for the Piney Poin t a quifer was 
entered for the h ead of th e contributing aquifer. 
This satisfies the initial boundary conditions of no 
flow into or out of the aquifer that are required for 
use ofthe superposition technique. The model does 
not have the capability of varying the head in the 
contributing aquifer durin g simulation. 

CALIBRATING THE MODEL 

In order for a model to be used for predictive 
purposes, its ability to predict past events should 
be confirmed. The model usually must be adj usted 
(calibrated) before confirmation is achieved. 
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The process of calibrating the Piney Point 
aquifer model consisted of varying certain para
meters (vertica l hydra ulic conductivity of the con
fining materi a l, a nd to a limited degree, domesti c 
pumpage) while at the same time holding other 
param eters constant (s torage coeffici ent, trans
missiv ity, thickness ofth e confining bed, specific 
storage, and documented pumpage of major users) 
and then comparing the model 's predicted results 
with field m easurements of water-level changes. 
Parameters are varied until a reasonable m a tch is 
obtained. 

Several different confirma tion methods were 
evaluated in the attempt to ca librate the Piney 
Point a quifer model. They included: (1) Entering 
the prepumping Piney Point and prepumping con
tributing aquifer poten tiometric maps as starting
h ead surfaces, (2) entering the 1952 Piney Point 
potentiometri c surface and a 1952 potentiometric 
surface for the contributing aquifer as starting
head surfaces, and (3) entering the same starting
h ead surface for both the Piney Point and the 
contributing aquifer. 

The man y unknowns associated with the pre
pumping surface a nd the instability of initi a l con
ditions of the 1952 potentiometric surface pre
vented the model from obtaining a good calibra~ 
tion by methods 1 and 2. Therefore, m ethod 3 was 
selected as the more accurate means of calibrating. 

In order to simulate the calibration period , 
pumpage from the aquifer was divided into seven 
pumping periods. The year 1890 was chosen as the 
initial starting time because little pumpage had 
taken place in the Piney Point a quifer before then , 
and it was, therefore, reasonable to assume that 
the Piney Point was in a steady-state condition. 
The pumping periods and a ssociated rates of 
pumping are listed below. 

Tota l pumping rate 
for 

Ma ryla nd and Delaware 
Pumping period Duration (fP / s) 

1 1890-30 l.30 

2 1930-52 4.88 

3 1952-60 6.08 
4 1960-70 8.25 
5 1970-74 9.91 
6 1974-75 10.86 
7 1975-76 10.94 

The average withdrawal per pumping period has 
been further su bdi vided and assigned to the appro
priate node in the model. 



Table 4.-Comparison of observed and computed water-level changes at four observation wells. 

Wa ter-level decline (-) or rise (+), in feet 

June June June June June June 

U . S.G.S . 
Well node location 1952 - 76 I 1970 - 1974 I 1974 - 1975 I 1975 - 1976 

County 

I NeasuredJ computed_l Neasured I Computed I Heasured I Computed I Heasured I Computed I;ell No. Row Co lumn 

St . Marys St .H- Ef 57 !/ 

St.H- Fg 45 .y 18 

Calver t Cal- Gd 5 Y 11 

Dorchester Dor- Cd 11/ 13 23 

1/ Water levels affected daily from nearby pumping well. 
2/ Wa t e r levels affected pe r iodically from nea rby pumping well. 
3/ Water leve l s affected by pumpi ng pat tern i n Cambridge . 
""§..! Estimation. 

- 9 

-15 

-10. 5 

-11 

The calibration of the model was checked by 
comparing the computed water-level cha nges with 
measured water-level changes for the time inter
val 1952-76 (pI. 6) . In termediate periods (Jun e 
1970-June 1974, June 1974-June 1975, and Jun e 
1975-J une 1976) were also computed and com
pared against measured water-level changes. 
Table 4 gives the results of the calibra tion run at 
the four observation wells. The locations of these 
wells are shown on plate 1. In gen er a l, agreement 
betwe en the computed water-level changes a nd 
the measured water-level changes was good. Fur
ther refinement was believed to be unwarranted 
becaus e ofthe uncertainties of the measured field 
data, particularly the 1952 poten tiometric surface. 
No endeavor was m a de to verify the model before 
1952 because the 1952 potentiometric surface was 
not in a steady-state con dition . However , pumping 
periods prior to 1952 were incorpora ted into the 
model to arrive at the 1952 transient conditions. 

Unfortunately, on ly a few observation wells 
with long-term water-level measurements existed 
in the Piney Point aquifer before the 1976-77 
observation-well n etwork was drilled. This lack of 
a n a dequately spaced observation-well n etwork 
prevented intermediate calibration testing at 
most sites within the study a rea. Calibration of 
the model may be improved in the future by simu
la ting a nd comparing the computed water-level 
values with m eas ur ements from the new 
observation-well network. 

- 9 . 4 -1.1 -0 . 6 -0.5 -0 . 3 - 1.0 - 0.8 

-13 . 3 - 2 . 0 -2 . 5 -0.4 -1. 2 -1. 2 -1. 2 

-10. 5 -3 . 0 - 2 .1 -1. 2 if -1. 7 -1. 5 if - 2.1 

-13. 2 +3.8 +2 . 7 +4.2 +6.8 
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FUTURE WATER LEVELS 

After the model was calibra ted, it was used to 
predict futur e water- level changes . One of the 
main objectives of this study was to determine 
whether or not the Piney Point aquifer can con
tinue to m eet its sh are of the required ground
water n eeds of the study a rea. Several different 
schemes were simula ted in order to test the effects 
new pumping rates would h ave on the future water 
levels of th e Piney Point aquifer. The simulations 
consist of the following: 
1. A steady-state simulation using the June 1975 

to June 1976 average pumping rate. 
2. A series of simulations using the best esti

m ates of future pumpage for the following 
periods: 
a. June 1976 a nd J a nuary 1980, 
b. June 1976 a nd January 1985, a nd 
c. June 1976 and January 1990. 

3. A series of predictive simulation s showing th e 
effect that a dditiona l pumpage from two pro
posed nuclear powerpl a nts might have on the 
future water levels of the Piney Point aquifer. 

4. A predictive simulation sh owin g the a mount 
of water-level ch a nge th at could occur between 
June 1976 and January 1990, as a result ofthe 
withdrawa l of th e average yearly ground
water amount appropriated to the major appropria
tors a nd th e best estima tes of nonappropria ted 
future pumpage. 

5. A simulation showing what percentage ofthe 
predicted total drawdown can be directly r e
la ted to domestic pumping. 



All simulations essentially utilized the same 
withdrawal nodes as those used for the model cal
ibration. The m ain withdrawal nodes are shown 
on plate 1. The predictive simulations were treated 
as continuation runs . By this process, past and 
future pump ages h ave an influence on future 
water levels. 

The additional draw down ava ilable in the Piney 
Point aq uifer as of May 27-28, 1976, is shown in 
figure 12. If these draw downs are exceeded, de
watering of the aquifer will take place. De
watering may cause irreparable h arm to the aq ui
fer and its future productive capability may be 
threatened. If figure 12 is compared to each ofthe 
following s imulation runs , excessive drawdown 
areas, if a ny, can be singled out. 

Steady-State Simulation Using The 
June 1975-June 1976 

Average Pumping Rate 

Figure 13 shows a steady-state simulation using 
the average pumping rate (APR) of 10.94 R 1/s 
between June 1975 and June 1976. This fi gure 
depicts the maximum water-level change (for a ll 
practica l purposes) that can occur in the Piney 
Point aquifer after June 1976, ifthe 1975-76 APRis 
held constan t indefinitely and if the system reaches 
equilibrium. The predicted steady-state potentio
metric surface can be obtained by a lgebraically 
adding the water-level ch a nges shown on figure 13 
to the potentiometric surface at the start of the 
simulation (pI. 3). The area around Cambridge 
represents the most striking feature of the m ap as 
it reflects ris ing water levels due to the cutback in 

municipal and industrial pump age that has been 
taking place in that area for the past several years. 
To place an a pproximate time on when these max
imum water-level changes will occur, a series of 
transient predictions were run based on the 1975-
76 APR, and the results were compared to the 
steady-state simulation. (A transient simulation 
is time dependent.) It was determined from the 
transient simulations that steady-state conditions 
would take place in the Piney Point aquifer about 
the year 2000, ifthe 1975-76 APR is held constant. 

Projected Water-Level Changes 
Based On Best Estimates Of 

Future Withdrawals 

A series of transient predictions was simulated 
using best estimates of future withdrawals. For 
Maryland, these pumpage estimates were based 
on information supplied by the Planning Depart
m ents of Calvert, Caroline, St. Mary's , Talbot, and 
Dorchester Counties. Simulated withdrawals represent 
the most likely future pump ages from the Piney 
Point aquifer in Maryland. Best estimates of 
future withdrawals in Delaware were obtained 
from P.P. Leahy of the U.S. Geological Survey, 
Dover, Del. Future increases for domestic and 
small industrial-commercial users were difficult to 
predict. However, estimates were made based on 
proj ected population growth (table 5) and the pro
portion of the increased population that would 
utilize the Piney Point aquifer. (Part of the future 
population will use other a quifers) . Figure 14 
shows the estimated future Piney Point pumpage 
in Maryland and Delaware. 

Table 5.-Predicted population trends between 1970 and 1990 for those counties within the study area. 

(Data based on the respective county's planning department projections.) 

County 1970 1 1975 1980 1990 
St. Mary's l 39,103 42,139 45,784 52,815 
Calvertl 6,400 7,800 9,300 12,800 
Dorchester 29,405 29,900 31,150 32,000 
Caroline 19,781 21,641 23,500 27,300 
Talbot 23,682 24,866 26,050 27,353 

1 1970 Census . 
l Represents only th a t porti on of th e to ta l Co unty popul a ti on th a t li ves or will live with in th e boundaries of th e Piney Poi n t aqu ifer. 
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Figure 12.-Additional drawdown available in the Piney Point aquifer as of May 27-28,1976. 
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Figure 13.-Computed steady-state water-level changes in the Piney Point aquifer 
after June 1976 using the 1975-1976 average pumping rate. 

33 

o 

T 



4000 

EXPLA NATI ON 

Calvell --n am e of coullt y within Maryland 

Oela wo le - leprelent\ t he I l li te of Dela ware 

Dor c hes ter Dor ches te r 

480 

Dorchest e r Do rc hes t er Dorc he s t er 

0~J~un~e~19".7~6'-~~J'a-n-.~19~8"'0'-~-'Ju~I-Y'I~9~8°2---L-J'a-n-.·1 ~9 ~8~5_~-'J-ul'y-~1 9~8~7~_-L--~0 
Jan . 19 80 Jul y 1982 Jan.19 85 Jul y 19 87 Jan . 1990 

Pump ing pe ri ods 

Figure 14.--Estimated future withdrawals from the Piney Point aquifer in Maryland 
and Delaware. 
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Figure 15 shows the additional drawdown pre
dicted to occur between June 1976 and January 
1980 as a result of estimated future pumping (fig. 
14). Water levels around Cam bridge will rise be
cause future Piney Point pump age in this area is 
estimated to be less than previous rates. Water 
levels in southern Mary la nd will decline at a r ate 
of one-ha lffoot per year. The projected withdrawal 
rates in Delaware will affect water levels in north
ern Caroline County. The effects of t he Delaware 
pumping seem to extend to a point about halfway 
between Greensboro a nd Denton. (See plates for 
location of these cities.) 

Figure 16 shows the predicted additional water
level change between June 1976 and Janu ary 1985 
based on the best estimates offuture pumping (fig. 
14). The situation around Cambridge will be sim
ilar to the results ofthe 1980 simulation. South ern 
Maryland will experien ce additiona l drawdown 
because of increased withdrawals . The increase in 
Delaware pumping will h ave a moderate effect on 
Piney Point wells in northern Caroline County , 
where maximum drawdowns between 1976 and 
1985 are predicted to be as much as 20 ft. 

Figure 17 shows the results of a simila r simula
tion forJune 1976 through January 1990. By 1990, 
water levels will be as much as 15 ft higher in the 
Cambridge area than they were in 1976 if the 
estimated pattern of wa ter use is followed. This 
simulation shows water levels to be a few feet 
lower in 1990 in the Cambridge area than they 
were in 1985. This is due to a projected withdrawal 
increase for Cambridge between 1985 and 1990. 
Water levels in southern Maryland will continue 
their slow decline and in some areas will be 14 ft. 
lower tha n they were in 1976. The average rate of 
decline in St. Mary's and Calvert Counties is pre
dicted to be a bout 1 foot per year. Northern Caro
line County will experience additional water-level 
declines of between 8 and 15 ft more than the 1985 
levels , due mainly to increased pumping in Dela
ware. The available drawdown (fig. 12) in the 
northern portion of Caroline County is approxi
m ately 275 ft- far more than the 35 ft of draw
down predicted for the a rea between 1976 a nd 
1990. 
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Projected Water-Level Changes 
Based On Hypothetical 
Withdrawal Situations 

This n ext group of simulations reflects hypo
thetical examples of what might h appen to the 
water levels in the Piney Point aquifer if certain 
n ew pumping rates a nd additional well fields a re 
establis hed. It sh ould be kept in mind that these 
ci rcumstances will m ost likely not happen as 
shown in this report. 

NUCLEAR POWERPLANT CASES 

The possible construction of two nuclear power
plants within the study a rea was recently investi
gated by the State of Maryland (Mary land Power 
P lant Siting Program 1974; 1977). The proposed 
locations of the powerplants are shown on plate l. 
The fo llowing three cases show the change that is 
predicted to occur in the water levels of the Piney 
Point if the aquifer is required to supply the total 
ground-water demand of the powerplants (approx
imately 1 Mgalld per plant). In each of the cases 
simulated, steady-state conditions will not have 
been reached at the end of th e simulation period 
(1990). 

Case 1 (Dorchester Co unty Site): Figure 18 
shows the water-level change predicted between 
June 1976 a nd January 1990 if a proposed nuclear 
powerplant withdraws 1 Mgalld, beginning in 
1985, from the Piney Point aquifer at Church 
Creek in Dorchester County. The withdrawal rate 
a t the powerplant is in addition to other estimated 
future withdrawals occurring throughout the study 
area . By 1990, the additional withdrawal will h ave 
substantia lly affected water levels as can be seen 
by comparing figures 17 and 18. The additional 
withdrawal caused by the powerplant pumpage 
would not immediately place the aquifer in danger 
of being dewatered becaus e the available draw
down in the vicinity of the site is 250 ft. However, 
the additional drawdowns in Dorchester County 
may cause problems for domestic well owners. 
Pumpage at the proposed Dorchester County pow
erplant site will only slightly affect water levels in 
southern Maryland a nd will have essentia lly no 
effect on water levels in Caroline County. 

Case 11 (St. Mary 's Co unty S ite) : Figure 19 
refl ects a similar set of circumstances as in Case 1, 
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Figure 15.-Simulated water-level changes in the Piney Point aquifer between June 1976 and January 1980 using 
estimated future withdrawals. 
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Figure 16.-Simulated water-level changes in the Piney Point aquifer between June 1976 and January 1985 using 
estimated future withdrawals. 
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Figure H.-Simulated water-level changes in the Piney Point aquifer between June 1976 and January 1990 using 
estimated future withdrawals. 
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Figure 18.-Predicted water-level change in the Piney Point aquifer between June 
1976 and January 1990, if pumpage were equal to estimated future pumpage plus 
proposed powerplant water requirements for Dorchester County. 
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Figure 19.-Predicted water-level change in the Piney Point aquifer between June 1976 and January 1990, if pumpage 
were equal to the estimated future pumpage, plus proposed powerplant water requirements for 5t. Mary's County. 
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Figure 20.-Predicted water-level change in the Piney Point aquifer between June 1976 and January 1990, if pumpage 
were equal to estimated future pumpage, plus proposed powerplant water requirements for Dorchester and 5t. Mary's 
Counties. 
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except in this instance the powerplant is located 
n ear St. James (Elms site) in St. Mary's County. In 
this case by 1990 water levels at St. James will be 
as much as 180 ft. lower than their 1976 levels. 
Even though the available drawdown in the vicin
ity of the powerplant is 250 ft. , the water-level 
decline caused by the powerplant pumpage would 
result in serious problems for individual domestic 
well owners living in th e a rea. 

Case III (Cas e I and II combined) : Figure 20 
shows the results of simultaneous pumping, be
ginning in 1985, at both powerplants. The draw
downs caused by the powerplants are not cumula
tive except in southern Dorchester County and 
beneath parts of Chesapeake Bay. 

APPROPRIA TlON CASE 

Maryland law requires that users of ground 
water obtain an appropriation permit from the 
Maryland Water Resources Administration. The 
only exceptions are single household units and 
farm use. As a hypothetical example to determine 
whether the Piney Point aquifer has been over
appropriated in certain areas, the amount appro
priated by the largest users plus the best estimate of 
future non appropriated pumpage was simulated. 
Table 6 lists the major appropriators of ground 
water that have a right to withdraw water from 
the Piney Point aquifer as of 1976. Some of the 
firms listed are no longer in business and do not 
presently (1977) pump any ground water. How
ever, they still have an appropriation permit ann 
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presumably have the right to withdraw water if 
the business is r eestablished. 

Figure 21 shows the results ofthe appropriation 
simulation and depicts the water-level changes 
predicted to occur between June 1976 and January 
1990. If over-appropriation is considered to be that 
rate of pumping which causes the water level to 
decline below the top ofthe aquifer , then the Piney 
Point appears not to be over-appropriated, as of 
1976. 

DOMESTIC VERSUS TOTAL 
PUMPAGE CASE 

Some digital ground-water models only simu
late the pumping of the large water users in the 
belief that pumping by small users does not cause 
significant water-level declines. In areas such as 
southern Maryland where numerous wells yield
ing small quantities make up a high percentage of 
the total water withdrawn, errors could occur in 
the model calibration by ignoring this pump age. 
The following example illustrates the point that domes
tic pumpage can contribute significantly to water
level declines. 

The estimated average future Piney Point pump
age between June 1976 and January 1980 (fig. 16) 
was simulated for a period of 10 years from an 
initially flat surface. Under the same circum
stances, only the domestic portion of the estimated 
pumpage was simulated. Table 7 shows a com
parison of the results of these two simulations for 
the southern Maryland portion of the study area. 
Domestic pumpage causes between 23 and 91 
percent of the total drawdown. 



Table 6.-Ground-water appropriation of the major Maryland users of water from the Piney Point aquifer. 

County 

Dorchester 

Talbot 

Caroline 

Queen Anne's 

[E is scientific notation (for example, 3.92E- 2 

Owner 
or 

Name 

City of Cambridge 

Bumble Bee Cannery 

Hanover Brands, Inc. 

Town of Secretary 

Town of East New Market 

Bonnie Brook Subdivision 

Cambridge Country Club 

Andrews and Son Cannery 

Trappe Frozen Foods 

Tilghman Packing Co. 

Martingham Inn, Inc. 

Bethany House, Inc. 

Town of Denton 

Saulsbury Brothers, Inc. 

Town of Greensboro 

Electro-Therm, Inc. 

Martinak State Park 

Tuckahoe Shopping Center 

Friel Cannery 

Appropriation 
No. 

D071GAPOOs 

D062GAP003 

D062GAP002 

D076GAP012 

D074GAP003 

D063GAPOOs 

DOs4GAP002 

DOs3GAP002 

TA46GAPOOl 

TA46GAP003 

TA71GAP002 

TA71GAP006 

C071GAP002 

C046GAP002 

C070GAP009 

C070GAP002 

C070GAPOll 

C069GAP004 

QAs6GAPOOl 
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Average yearly groun~-water 
appropriation ft Is 

(Mgal/yr) 

8.5 
(2,005.1) 

4.64E-l 
(109.5) 

4.64E-l 
(109.5) 

1.l6E-l 
(27.4) 

4.64E-2 
(11.0) 

6.78E-3 
(1.6) 

4.64E-2 
(11.0) 

4.96E-2 
(ll.?) 

7.43E-l 
(175.2) 

4.66E-2 
(1l.0) 

1.l6E-l 
(27.4) 

7.63E-3 
(1. 8) 

6.l9E-l 
(146.0) 

1. 24 
(292.0) 

4.64E-l 
(109.5) 

1.86E-2 
(4.4) 

3.81E-3 
(0.9) 

7.63E-3 
(1. 8) 

1.s3E-l 
(36.1) 



Table 6., Con't. 

County 

St. Mary's 

Calvert 

TOTAL 

E lS scientific notation (for example, 3.92E-2 

Owner 
or 

Name 

Patuxent Naval Air Base 

James Hills 

Fred Painter 

Steuart Petroleum Co. 

Town Creek Water Co. 

Greenview Knolls Water 
Co. 

Long Beach Water System 

White Sands Corp. 

Shepherd's Marina 

Chesapeake Biological 
Laboratory 

Chesapeake Ranch Water 
Company 

Appropriation 
No. 

SM74GAP018 

SM52GAP002 

SM56GAP007 

SM50GAP002 

SM52GAP004 

SM67GAPOOl 

CA62GAPOOl 

CA56GAP002 

CA71GAP004 

CA62GAP003 

CA60GAP002 
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Average yearly groun§-water 
appropriation ft Is 

(Mgal/yr) 

1. 55 
(365.0) 

1. 55E-l 
(36.5) 

2.97E-2 
(? .0) 

3.39E-2 
(8.0) 

1. 55E-l 
(36.5) 

3.86E-2 
(9.1) 

1. 24E-l 
(29.2) 

1.70E-2 
(4.0) 

7.63E-3 
(1.8) 

4.66E-3 
(1.1) 

1. 93E-l 
(45.6) 

15.838 
(3736.01) 
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Figure 21.-Predicted water-level change in the Piney Point aquifer between June 1976 
and January 1990, if pumpage were equal to the maximum allowable appropriation of the 
major appropriators plus estimated future withdrawals of non appropriated users in 
Maryland and Delaware. 
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Table 7.-Hypothetical case. sho~ing t~e isolat~on of draw down produced by 
domestic and small commercial-industrial users In southern Maryland. 

Drawdown (ft) over a 10 -year pumping period 

That portion due to 
domestic and small Percent 

County Node Total commercial-industrial users (!) (A) (B) 

St. Mary's 5-5 6.5 5.3 81 
5-10 6.0 4.3 72 

7-5 10.2 6.4 63 
7-9 29.5 6.7 23 
7-10 20.5 6.5 32 
9-5 11 .8 7.6 64 
9-10 19.6 7.2 37 

11-5 11.9 8.6 72 

11-10 12.5 5.8 46 
13-5 14.2 11.8 83 
13-10 9.0 5.7 63 
15-5 14.2 12.3 87 
15-10 7.6 5.4 71 
17-5 16.1 14.7 91 
17-10 6.5 4.9 75 
19-5 9.6 8.7 91 
19-10 4.7 3.8 81 

Calvert 4-15 2.5 1.6 64 
5-15 5.5 2.5 45 
5-17 5.9 1.7 29 
8-11 19.8 6.7 34 
8-13 11.9 6.5 55 

SUMMARY AND CONCLUSIONS 

1) A two-dimensional finite-difference digital 
computer model of the Piney Point aquifer in 
Maryland was developed to simulate future draw
down in the aquifer. This model is a first genera
tion and must not be considered as "the final 
Piney Point model." The model is substantiated 
only in places. However, it is useful for many 
types of planning purposes. Additional revision 
and testing of the model should be accomplished 
as more data become available. 

2) The Piney Point aquifer consists of fine to 
very coarse quartz sand with abundant glauco-
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nite and shell fragments. The aquifer has n o 
known outcrop area. Effective thickness of the 
aquifer varies from a few feet to more than 120 
feet . The Piney Point is overlain and recharged 
through leaky confining material composed of clays, 
clayey silts, silts, and very fine sands ranging in 
thickness from less than 50 ft to aproximately 200 
ft.Transmissivity of the aquifer is highly variable 
and ranges from less than 100 ft 2 / d to approxi
mately 6,000 W i d. 

3) Calibration of the model was achieved by 
comparing computed and measured water-level 



changes between 1952 and 1976 within the entire 
study area and comparing computed and mea
sured water-level changes at four observation 
wells for three time periods between 1970 and 
1976. The model's first pumping period began in 
the year 1890 when virtually steady-state condi
tions existed. Pumpage used in the simulation 
increased from 1.30 fP l s for the 1890-1930 time 
period to 10.94 ffl / s for the 1975-76 time period. 

4) Predictive simulations indicate that: 
(a) If the Piney Point aquifer were stressed by 

the best estimates of future withdrawals, 
excessive drawdowns would not occur in 
Maryland during any of the periods simu
lated (1976-80, 1976-85, and 1976-90). For 
the 1976-90 simulation, the model pre
dicted an average drawdown rate ofl ft per 
year for the Piney Point aquifer in south
ern Maryland, a 15-ft rise in water levels in 
Cambridge du e to reduction of withdraw
al, and a decline of 15-35 ft in northern 
Caroline County. 

(b) Additional withdrawals from the Piney 
Point aquifer that may be required to fur
nish water for proposed nuclear power
plants in Dorchester and St. Mary's Coun
ties will greatly affect water levels in the 
aquifer. This added withdrawal would pro
duce water-level declines of more than 90 
ft . near the proposed powerplant site in 
Dorchester County and 180 ft near the site 
in St. Mary's County. 

(c) The Piney Point aquifer appears not to be 
over-appropriated at the present time 
(1976), that is, if all appropriators pumped 
their full appropriations. 

5) Lack of historical water-level and pumpage 
data weakened the calibration process. To obtain 
a good confirmation of the model throughout the 
study area, it would be necessary to have histori
cal water-level data from a network of strategi
cally placed observation wells. Because pump age 
data were rarely recorded before 1972, many of the 
older pumpage ra tes used in the model were best 
guess estimates. 
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