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ABSTRACT 

The available ground water in Dorchester and Talbot Counties exceeds by many times the present 
consumption. However, the supply of fresh surface water is small. 

The two counties occupy a low-lying plain along the eastern shore of Chesapeake Bay. Drainage is 
by two large tidal rivers, the Choptank and the Nanticoke, and by many small creeks directly tributary 
to Chesapeake Bay. Much of the two-county area is poorly drained and coastal swamps are common. 

A thick section of Coastal Plain sediments including sands, silts, clays, and minor gravel beds over­
lies the crystalline basement rocks, which are found at depths of 2,200 to 4,200 feet. To date, only the 
upper 1,500 feet of sediment have been explored. The known aquifers include the Patapsco Formation, 
upper Cretaceous sands (primarily the Magothy Formation), the Aquia, Piney Point, and Calvert Forma­
tions, which are Tertiary in age, and the Pleistocene deposits. The most important artesian aquifer, the 
Piney Point Formation, has a transmissibility of 30,000 to 45,000 gpd per foot (gallons per day per foot) 
in the Cambridge area, but does not exist in some parts of Talbot County. The Pleistocene deposits form a 
very productive water-table aquifer in northeastern Dorchester County, where the transmissibility is 
very high (95,000 to 175,000 gpd per foot) and where many wells are capable of yielding more than 
1,000 gpm (gallons per minute). 

Water use, excluding withdrawals for cooling electric power generators, averaged 11 mgd (million 
gallons per day) in 1960, of which 10 mgd was ground water and 1 mgd was surface water. Ground 
water is used for public water supplies at the cities of Cambridge and Easton and at five villages. It 
is also used by several small industries, mainly food processing plants. Cambridge obtains over 80 per­
cent of its average supply of 3.5 mgd from the Piney Point Formation and the remainder from the 
Magothy Formation. Easton obtains most of its average supply of about 0.9 mgd from Cretaceous 
sands and the remainder from the Aquia and Calvert Formations. 

Estimates, made of the long-term yield of individual aquifers by using field-determined values for 
the coefficients of transmissibility and storage, indicate that large additional quantities of water are 
availaible from the aquifers currently being pumped. The additional water would be obtained by low­
ering pumping levels to greater depths, a practice which will increase pumping costs and may cause 
subsidence of the land surface. The theoretical estimates show that a total of 11 mgd could be obtained 
from the Piney Point and Magothy aquifers at Cambridge and that a total of 5 mgd could be obtained 
from the Cretaceous and Aquia aquifers in the Easton area. 

The development of surface-water supplies is limited by the low relief, which precludes the con­
struction of reservoirs, and by the high salinity of water in the major streams, all of which are estu­
aries of Chesapea,ke Bay. At present, surface water is used for cooling at a thermal power plant on the 
Nanticoke River and for a small amount of irrigation. 

The quality of water ranges from water with low mineral content, satisfactory for most uses with­
out treatment, to the moderately saline water (specific conductance greater than 5,000 micromhos) in 
the major streams and Chesapeake Bay. Water in the small streams in the topographically high areas 
and most ground water are characterized by low concentrations of dissolved solids- less than 500 mg/l 
(milligrams per liter). Ground water from the Piney Point and Aquia Formations is hard (hardness 
averages 142 mg/ ]) in the northwestern part of the area but is softer (hardness averages about 30 
mg/ I) and higher in dissolved solids towards the southeast. 





INTRODUCTION 

This report describes the findings of a 2-year 
investigation of the water resources of Dorchester 
and Talbot Counties. Emphasis is placed on an 
evaluation of the ground-water resources, as 
ground water is the principal source of fresh 
water in the two-county area. Funds were fur­
nished by the U.S. Geological Survey, Maryland 
Geological Survey, Dorchester County, Talbot 
County, city of Easton, and city of Cambridge. 
Field studies, data analysis, and report prepara­
tion were by personnel of the U.S. Geological Sur­
vey. Field investigations were made from July 
1964 to December 1966. 

Purpose of Investigation 

This study was made to obtain information 
needed to provide for the proper planning and 
future development of water resources in Dor­
chester and Talbot Counties. Demands for water 
are expected to increase in the future as they 
have in the past. Several questions regarding 
future water supplies for the two counties result 
from the rising demands. Briefly, these questions 
are concerned with: 

1. The availability and sources of both ground 
water and surface water for industrial and urban 
development. 

2. The extent and hydraulic properties of the 
waterbearing formations, particularly the quan­
tity of water available from them on a long-term 
basis. 

3. The chemical quality of ground water and 
surface water and the effect of quality on the 
usefulness of each type of water. 

4. Predictions of future water requirements of 
the cities of Cambridge and Easton and estimates 
of how their requirements can be matched by 
sources available. 

Early studies in the area were made by Darton 
(1896), and Clark and others (1918). A detailed 
account of the geologic and hydrologic frame­
work is given in a report by Rasmussen and 
others (1957). Much of the effort in the current 
study was directed toward supplementing, re­
examining, and generally updating and enlarging 
the work of Rasmussen and others. 
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Methods of Investigation 

Considerable geologic and hydrologic informa­
tion has become available in recent years as a 
result of the drilling of wells for small water sup­
plies throughout the two counties and the drill­
ing of large production wells for the cities of Cam­
bridge and Easton. The recent data and the com­
prehensive report on the water resources of the 
area by Rasmussen and others (1957) form the 
basis for the present investigation. 

Included in the present effort were the compila­
tion of drilling, water-level, and pumpage data 
that have accumulated since termination of the 
last study; test drilling to obtain new data from 
depths previously unexplored in this area; collec­
tion of samples of water from ground-water and 
surface-water sources for chemical analysis; 
streamflow studies, preparation of potentiometric 
maps to show the effect of pumping on water lev­
els, and quantitative studies to determine the 
long-term yield of aquifers. 

Data used in this report were obtained by: (1) 
collection of information on location, depth, diam­
eter, yield, and other pertinent features of ap­
proximately 1,370 wells and test holes, (2) drill­
ing and electric logging of three test holes to 
depths of about 1,500 feet, (3) field examination 
of outcrops of surficial deposits, (4) collection and 
analysis of 92 water samples from aquifers and 
streams, (5) measurement of water levels in 13 
observation wells to determine the magnitude of 
fluctuations caused by both natural causes and 
pumping, (6) collection and laboratory examina­
tion of drill cuttings and well logs of geologic 
formations, (7) aquifer testing at 20 sites to de­
termine coefficients of transmissibility and stor­
age, (8) continuous measuring of streamflow at 
two gaging stations and miscellaneous measuring 
at seven sites, (9) gamma-ray logging of 33 wells, 
and (10) electric logging of 19 wells. The loca­
tions of the principal data-collection sites are 
shown in figure 1. The lithologic logs and well 
records are in the appendix. 

Temperatures presented in the report are given 
in both degrees Fahrenheit and degrees Celsius. 
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Location and Extent of The Area 

Dorchester and Talbot Counties are located on 
the Delmarva Peninsula along the eastern shore 
of Chesapeake Bay. The area is a low-lying plain, 
of which about half is water. Dorchester County 
has an area of 944 square miles, of which 581 
square miles is land and 363 square miles is 
water. The county is bounded on the north by the 
Choptank River and Caroline County, on the east 
by the State of Delaware and the Nanticoke 
River, and on the south and west by Chesapeake 
Bay. Talbot County has an area of 462 square 
miles, of which 272 is land and 190 is water. The 
county is bounded on the north by Queen Annes 
County, on the east and south by Tuckahoe Creek 
and the Choptank River, and on the west by Ches­
apeake Bay. 

Physical Features 1 

Dorchester and Talbot Counties form a gently 
rolling, terraced plain, which ranges in altitude 
from sea level along the many tidal rivers to 78 
feet near Easton. The area is bounded on three 
sides by tidewater and is deeply indented by tidal 
rivers. Much of the southernmost two-thirds of 
Dorchester County is marshland, having altitudes 
of 2 feet or less. The land gradually rises from 
the marshland to a maximum of 53 feet in north­
ern Dorchester County. The western half of Tal­
bot County is an area of necks and drowned 
valleys where the land is 20 feet or less above sea 
level. The eastern half of Talbot County is a plain 
which ranges in general from 40 to 70 feet above 
sea level and rea'Ches 78 feet above sea level at the 
highest point near Easton. 

1 Adapted from the description of physical features of 
Caroline, Dorchester, and Talbot Counties by Rasmussen 
and Slaughter (1957). 
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The drainage of the two-county area is con­
trolled by two large tidal rivers, the Choptank 
and the Nanticoke, and by many small rivers and 
creeks directly tributary to Chesapeake Bay. The 
Nanticoke River has a prominent tributary, 
Marshyhope Creek, which is tidal as far upstream 
as Federalsburg in Caroline County. The Chop­
tank River is tidal to Greensboro, 14 miles up­
stream from the proj ect area. It has a prominent 
tributary, Tuckahoe Creek, which is tidal to Hills­
boro. Along the bay side of Talbot County, the 
Wye East River, Miles River, and Tred Avon 
River are tidal. In Dorchester County, the Little 
Choptank River and the Honga River are em­
bayed estuaries. The Blackwater River, Trans­
quaking River, and Chicamacomico River are 
meandering swampy bayous. The specific type 
names-creek, river, bay, sound, gut-are dic­
tated more by local custom than by exact defini­
tion. 

Population 

The population of Talbot and Dorchester Coun­
ties has remained relatively stable at about 46,000 
to 50,000 since 1900. A small decline in population 
occurred between 1910 and 1920, and the popula­
tion then remained virtually unchanged from 
1920 to 1950. Between 1950 and 1960, the popula­
tion increased by 4,000 or about 8 percent. Predic­
tions by the Maryland Department of Planning 
(1963) indicate the population may reach 63,000 
by the year 2000. 

From 1960 to 2000 the population of Cambridge 
is expected to double from 12,500 to 25,000, and 
the population of Easton may increase from 6,200 
to 20,000 during the same period. 

These data indicate that by the year 2000 the 
combined population of the two cities may in­
crease by 25,000 persons, but the total population 
of the counties will increase by only 12,000. If the 
prediction proves to be accurate, the rural popula­
tion will be reduced by 13,000 persons. 

Climate 1 

The climate of an area is one of many controls 
affecting the availability of surface and gound 
water. The excess of precipitation over evapotrans­
piration in the northeastern part of the United 
States favors the replenishment of surface-water 
reservoirs and the recharge of water-bearing for-

1 Modified from text prepared by State Climatologist, 
Maryland-Delaware, Environmental Science Service Ad­
ministration, Weather Bureau. 
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mations. Precipitation occurs throughout the year, 
but the precipitation during the nongrowing sea­
son is most effective in replenishing the shallow 
ground-water reservoirs. A large proportion of 
water from summer rains (during the growing 
season) is returned to the atmosphere almost im­
mediately by evaporation and transpiration. 

Dorchester and Talbot Counties have a humid, 
semicontinental climate. The winters are mild and 
the summers are rather hot. Spring and fall are 
the most pleasant seasons. 

In this area the prevailing winds are from the 
west during most of the year, and, therefore, the 
warming influence of the Atlantic Ocean does not 
have full effect. Nevertheless, the winds that blow 
frequently from the east, normally associated 
with winter storms to the south, bring warmer, 
moist air off the ocean and tend to make the tem­
perature higher in the winter than for inland 
areas. The Appalachian Mountains and the waters 
of Chesapeake Bay also have a moderating effect 
on the cold air from the northwest. In summer, 
the temperature of near-shore localities is low­
ered slightly by cool air from the water. 

A verage and extreme temperatures are given in 
figure 2. The hottest month is July. During that 
month, the average temperature in the shade is in 
the upper eighties (Fahrenheit) in the afternoon. 
It can be expected that temperatures will reach 
about 100 °F or 38 °Celsius sometime during the 
summer. A record high of 106°F (41 °C) was re­
ported in July 1930. The coldest months are Janu­
ary and February, when the temperature in the 
early morning averages about 28 °F (-2 °C). 
During an average winter, however, the tempera­
ture falls to about 7°F (- 14°C) on at least one 
morning. The lowest temperature reported at 
Cambridge was 6°F below zero (-21 °C) in 
February 1934 and in January 1961. 

Cloud cover, wind, and topography affect night 
temperatures. For example, the difference in ele­
vation may be only 10 to 25 feet from the bottom 
of a topographic basin to the top of its rim, but, 
on a clear night, the temperature may be slightly 
lower in the basin. Also, frost may occur later in 
spring and earlier in fall in low areas. 

Cold air from the northwest and tropical air 
from the south or southwest account for marked 
changes in temperature even within a few days. 
For example, the highest temperature during 
March 1, 1961, was 41 °F (5 °C); on March 5 it 
was 80 °F (27 °C), and on March 10, 40 °F 
(4 °C) . Sudden temperature changes are much less 
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Figure 2-Graphs showing monthly air temperatures 
and precipitation at Cambridge. 

extreme in summer than during other seasons of 
the year because unmodified polar air seldom 
reaches the area. 

Precipitation is fairly evenly distributed 
throughout the year. Records of precipitation 
have been kept for about 65 years at Cambridge. 
Figure 2 shows the average, maximum, and mini­
mum temperatures and precipitation during that 
period. Only July and August have an average of 
more than 4 inches of rainfall . To some extent, 
this additional rainfall compensates for the 
greater amount of evaporation during these 
months. 

Rainfall in summer is more variable and less 
dependable than in winter; as little as 0.25 inch 
and as much as 17.34 inches have fallen in Au­
gust. In summer, local thunderstorms are 
common. Within 2 hours, as much as 2 inches of 
rain may fall in one area, but a few miles away, 
only a few drops of rain may fall. General storms 
cover large areas in winter. 



Droughts may occur in any month or season but 
serious drought is most likely in summer. Al­
though rainfall is generally adequate for good 
yields of crops, the unequal distribution of the 
showers in summer and the occasional dry periods 
make irrigation necessary for maximum yields. 

The average annual snowfall is only about 15 
inches in Dorchester and Talbot Counties. The 
amount of snowfall varies greatly from year to 
year; the range is from only a trace during the 
winter of 1918- 19 to 43 inches in 1904- 5. The 
heaviest snowfall recorded at Cambridge was in 
January 1922, when 24 inches of snow fell within 
a 24-hour period and 271;2 inches fell within 
about 36 hours. Snowfall is likely to be heavier in 
those areas more distant from the bay. 

Thunderstorms occur on an average of 30 to 35 
days a year; three-fourths of these are in June, 
July, and August. Once or twice a year, hail may 
accompany these storms. 

Tornadoes seldom occur and in the past have 
caused little damage. Hurricanes appear about 
once a year, generally in August or September. 
Most of them cause only minor damage, but occa­
sionally, the high winds, heavy rains, and high 
tides from a storm moving up the coast cause 
widespread damage. 

The average velocity of the wind is estimated to 
be between 8 and 10 miles per hour, but may 
reach 50 to 60 miles per hour or even higher dur-

ing severe summer thunderstorms, hurricanes, or 
common winter storms. 

The relative humidity is generally highest in 
August and September and lowest in winter and 
early spring. Normally, the relative humidity is 
highest at sunrise; it is nearly 90 percent in Au­
gust and September and ranges from 70 percent to 
75 percent in winter and in spring. The humidity 
in the afternoon is about 60 percent in August and 
September, and it ranges from 50 percent to 55 
percent in winter and spring. 

Well-Numbering System 

The Maryland well-numbering system, which 
was used in the preparation of this report, 'groups 
all wells outside of Baltimore City by counties. A 
three-letter symbol, derived from the county 
name, is used as a prefix for each well number. 
Thus, in this report, Dor- is the prefix for wells in 
Dorchester County and Tal- is for wells in Talbot 
County. Each county is divided into 5-minute 
quadrangles. Each quadrangle, from north to 
south, is designated by uppercase letters and from 
west to east by lowercase letters. (See margins of 
figure 1.) The wells are numbered in each 5-min­
ute quadrangle in the order in which they were 
inventoried. For example: Tal-Da 1 indicates the 
first well numbered in the westernmost 5-minute 
quadrangle in Talbot County. 

WATER USE 

About 85 mgd of water was used for all pur­
poses in Dorchester and Talbot Counties during 
1960. By far the greatest user is the electric 
power plant at Vienna, which utilized 74 mgd 
(during 1960) of the water in the tidal Nanticoke 
River for generating power. However, for all 
public water supplies and industrial supplies, 
ground water is used. Pumpage of ground water 
averaged 10 mgd during 1960. In addition, about 
1 mgd of surface water is used for agricultural 
purposes, mainly irrigation. 

The locations of the largest users (public water 
supplies and canneries) are shown in figure 3. 
Areas under irzigation in 1966 are also shown in 
figure 3. A breakdown of water use according to 
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source, type of use, and supplier is given in table 
1. Table 1a shows pumpage of ground water by 
each aquifer in the two counties. For the cities of 
Cambridge and Easton, graphs of ground-water 
pumpage are shown in figures 11 and 22, respec­
tively. 

The figures given in table 1 were estimated by 
assuming a per capita usage of 150 gpd (gallons 
per day) for all areas except Cambridge. An addi­
tional 0.7 mgd, which is pumped for industrial 
purposes, was added to the Cambridge use figure. 
The per capita usage of 150 gpd includes 100 gpd 
for domestic purposes and 50 gpd for either in­
dustrial or agricultural purposes. The amounts 
pumped from the individual formations (table 1a) 



were computed by dividing the two-county area 
into districts, multiplying the estimated popula­
tion of the district by 150 gpd, and assuming val­
ues for percentage of water pumped from each 
formation in the district. The resulting figures 
were totaled to give the quantity of water pumped 
from each formation. These .figures are approxi-

mate and provide only an estimate of water usage. 

Type of use 

Domestic 

Total 

Industrial 

Total 

Agricultural 
(some irrigation) 

TOTAL 

Water obtained from farm ponds is commonly a 
mixture of surface water and ground water. 
Many ponds in the area are commonly dug several 
feet below the water table and in the strictest 
sense could be classified as uncased wells of very 
large diameter. 

Table 1. Estimated water use in Dorchester and Talbot Counties in 1960 
(in million gallons per day) 

-
Type Dorchester County Talbot County Total for 

of --,-------- project area 
supply Surface water Ground water Surface water Ground water (mgd) 

Municipal 0 ' 1.8 0 ' 0 .8 2.6 
Private 0 1.3 0 1.1 2.4 

0 3.1 0 1.9 5. 0 

Municipal 0 ' .5 0 ' .2 .7 
Self-supplied 74.0 2 1.5 0 1.6 77.1 

74.0 2.0 0 1.8 77 .8 

Self-supplied 1.0 1.1 .1 .3 2.5 

75 6 .2 0.1 4.0 85 .3 

1 Water in streams used for transport and di lution of waste is not included. 
2 About 74 mgd taken from the Nanticoke River for cooling at t he electric power plant at Vienna. 

County 

Dorchester County 
Talbot County 

Total 

Table 1 a. Summary of average ground-water use by aquifer source, 1960. 

(in million gallons per day) 

Geologic unit 1 

St. Marys, 
Pleistocene Choptank, Piney Point Aquia Cretaceous 

Calvert 

1.1 0 .6 3.7 0.2 0 .6 
.4 .6 1.2 1.0 .8 

1.5 1.2 4 .9 1.2 1.4 

1 Aquifers mentioned here are described in subsequent sections of this report. 
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Total 

6 .2 
4.0 

10 .2 
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GEOLOGY 

Dorchester and Talbot Counties are part of the 
Atlantic Coastal Plain, a wedge-shaped mass of 
unconsolidated sedimentary deposits which overlie 
older hard crystalline rocks. The crystalline rocks, 
sometimes referred to as the "basement," are ig­
neous and metamorphic rocks of Precambrian or 
early Paleozoic age. The unconsolidated deposits 
consist of nearly flat-lying layers of sand, gravel, 
silt, and clay of Cretaceous to Holocene age. The 
sand and gr avel strata comprise the only impor­
tant water-bearing sediments. 

The crystalline rocks crop out to the northwest 
of the Fall Line, a line through the major eastern 
cities of Philadelphia, Wilmington, Baltimore, and 
Washington. The surface of the crystalline-rock 
basement slopes below the Coastal Plain sedi­
ments from the Fall Line to the southeast at a 
rate of about 60 to 110 feet per mile (figure 4). At 
Annapolis, t he basement rocks are probably about 
1,500 feet below sea level, at Easton they are 
about 2,700 feet below sea level, and at Cambridge 
about 3,300 feet. Because adequate supplies of 
fresh water have been obtained at depths less 
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than 1,000 feet and because the crystalline rocks 
lie at great depth, crystalline rocks have not been 
penetrated by drilling in either of the two coun­
ties. 

The unconsolidated deposits are usually easy to 
drill and, where exposed, are generally soft enough 
to be worked with a shovel. The deposits are thin­
nest in northwestern Talbot County (2,200 feet) 
and thickest in the southeastern part of Dorches­
ter County (4,200 feet). Most of the layers of 
clay, silt, sand, and gravel of these deposits crop 
out in a more or less regular banded sequence 
t rending northeast to southwest. The age of the 
deposits ranges from Cretaceous, just above the 
crystalline basement, to Pleistocene or Holocene 
at land surface. The Cretaceous units make up 
more than half the section of Coastal Plain sedi­
ments underlying the two-county area. 

A generalized geologic section southeastward 
across the Coastal Plain from the Fall Line to 
Cambridge is shown in figure 4. The section shows 
that: (1) the depth to crystalline rock increases 
progressively toward the southeast; (2) the 
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Table 2. Geologic formations and their water-bearing properties in DOl'chester and Talbot Counties." 2 

System 

Quaternary 

Tertiary 

Series or Group 

Holocene 

Pleistocene 3 

Upper and middle 
Miocene 

(Chesapeake 
Group ) 

Eocene 

Paleocene 

Formation (range in depth to 
top of formation, in feet) 

Salisbury 
Formation 

Manokin 
aquifer 

St. Marys 
Formation 

Choptank 
Formation 

Calvert 
Formation 

Piney Point 
Formation 
(70-620) 

Nanjemoy 
Formation 
(75-510) 

Aquia 
F ormation 
(250- 600) 

o 

Beaverdam 
facies 

Red gravelly 
faci es 

Approximate 
thickness 
(feet) 

0-10 

0-100+ 

0-45+ 

0- 50 

0- 110 + 

0- 130 

20- 300 

2-191 

0-294 

0-231 + 
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Lithologic character 

Loam soil, alluvial sand and silt, 
dune sand and peat. 

Unconsolidated, stratified, lenti­
cular deposits of buff sand and 
silt, gravel and cla y. The deposits 
contain a few erratic boulders; 
stabilized dunes; thinly strati fied 
crossbedded channel fill; massive, 
well-sorted beach sands; and 
possibly marine sands. 

Slightly cemented, red, orange, and 
brown gra velly sand. Locally con­
tains hard ledges, a few inches to 
2 feet thick, usually at the base . 
Occurs chiefly as channel fill. 

Gray sands with gray or blue clayey 
silt. Occurs only in the southern 
en d of the area beneath Elliott 
I sland and Bishops Head . 

Predominantly clayey s ilt and silty 
clay with some very fine san d and 
shells. 

Water-bearing properties 

Provides water to a few shallow 
wells of small y ield. 

An important aquifer which locally 
contains the most permeable 
sands in the area. Highly variable 
yields ranging up to 1,500 gpm. 
Transmissibility varies from 
95,000 to 175,000 gpd per oot 
where tested. 

N at known to yield water in this 
area. The sands lie under a 
marsh cove r, and the water may 
be of undesirable quality, 

An aquiclude. A few wells derive 
water locally from stringer sands 
in eastern Dorchester co unty. 

Gray an d brown sand and clay, con- Yields small to moderate quantities 
taining shells. of water to wells in eastern 

Dorchester County. The water 
is moderately hard and may be 
irony. 

Gray diatomaceous s il ts and clays, 
containing lenses and thin sheets 
of gray sand and shell beds. 

Olive-green to black quartz sand, 
slightly to moderately glauconi­
tic, predominantly medium to 
coarse grained, with some lenses 
of fine sand, s ilt, and clay , con­
taining foraminifera. 

Largely an aquiclude, but con­
tains two or three aquifers which 
locally yield large quantities of 
water at Easton, Federalsburg, 
H u rlock, and Vienna. The quality 
ranges from usable for some pur­
poses to usable only for limited 
purposes. 

The most important artesian aquifer 
in the area, yielding over 3 mgd 
of ground water in Dorchester 
County and lower Talbot County . 
Has yie lded 1,200 gpm to an 
individua l well at Cambridge. 
Transmissibility is 15,000 to 
45,000 gpd per foot. The quality 
of water is suitable for most pur­
poses. The water level has been 
lowered over 90 feet below sea 
level at Cambridge in a wide­
spread cone of depression which 
has extended out into Dorchester 
County and into Talbot County. 

Blackish-green, highly glauconitic A leaky aquiclude in the north-
sand, silt and clay. west: probably a tighter con­

fining formation in the southeast. 

Green glauconi tic quartz sand, with 
a few lenses of clay, containing 
shell fragments, foraminifera, and 
hard beds. Limited to western 
Talbot County and northwestern 
Dorchester County with an im­
permea hie boundary passin g 
northeastward throu gh Trappe. 

An important aquifer, capable of 
providing moderate quantities of 
water to many wells . Transmis­
sibility is from 2,000 to 5,000 
gpd per foot at sites tested. 
Yields of wells vary from about 
5 t o 250 gpm. 



Table 2. Geologic formations and their water-bearing properties in Dorchester and Talbot Counties. 1
•

2 

Formation (range in depth to Approximate 

System Series or Group top of formation. in feet) thickness Lithologic character Water-hearing properties 

(feet) 

Monmouth Dark-green glauconitic sand and An aquiclude. A small quantity of 

Formation 34-230 lead-gray clay containing shells water is obtained from a few 

(450-1.100) and foraminifera . wells at Easton . 

Matawan Black micaceous glauconitic clay An aquifer in T albot County but 

Cretaceous Upper Cretaceous Formation 98-176 and brown glauconitic sand. an aquiclude in Dorchester 

(650-1,200) County. 

White, yellow, and gray sand inter- An aquifer at Cambridge and 

Magothy laminated with gray and brown Easton. Transmissibility ranges 

Formation 43-139 shale, containing lignite and car- from 6,500 to 15,000 gpd per 

(650-1.400) bonaceous matter, but no animal foot. Yields up to 600 gpm to 

fossils. individual wells. 

Intercalated thin sands and shales. An aquifer with transmissibility 

Potomac Group Raritan and Patapsco The sands are generally gray, greater than 16,000 gpd/ft. at 

Formations, 600-1,700 fine-grained, micaceous , and ligni- Cambridge. Sand beds from 

undifferentiated tic. The shales are mottled pale 1,100 to 1,500 feet d eep in four 

(900- 1,600) gray, brown, and red in the upper other test holes are probably 
section and gray-brown in the aquifers. 
lower. 

Patuxent Formation 600-800 Not explored in this area, but pre- A potential aquifer. Water quality 
(1,600-3,300) surned to be extensively present is unknown hut water temper-

because of its occurrence in deep atures may exceed 1000 F and 
oil tests in Wicomico and Wor- water may be mineralized. 
cester Counties, and in the out-
crop in Cecil County and on the 
Western Shore. 

Paleozoic and Crystalline complex unknown Not penetrated in Dorchester and Hard crystalline rocks that contain 
Precambrian (2,200-4,200 ) Talbot Counties, but presumed to and transmit very little ground 

he igneous and metamorphic water. 
rocks. 

1 Modified from table 10 (Rasmussen and others. 1957). 
, Geologic nomenclature used in this report is that of the Maryland Geological Survey and differs somewhat from that of the U.S. Geological Survey. 
, This term includes those deposits termed Pleistocene and Pliocene ("I) by Rasmussen and others, (1957). There may be some deposits of Pliocene age included 

in this category in some areas. 

Coastal Plain sediments lie upon one another in 
"layer cake fashion," with the youngest forma­
tions cropping out progressively to the southeast; 
and (3) the formations generally thieken to the 
southeast. Table 2 summarizes the ages, thick­
nesses, lithologic character, and water-bearing 
properties of geologic units in the two counties. 
This table may be used together with the hydro­
geologie map in the following section to gain a 
general idea of the geology and water-bearing 
properties of the various geologic formations in 
the area. 

Additional geological knowledge of the Coastal 
Plain sediments was obtained during the study by 
drilling three exploratory holes to depths of about 
1,500 feet. These holes (Tal-De 16, Tal-De 18, and 
Dor-Ce 77) were drilled to identify and correlate 
geologic units in the upper 1,000 feet of the sec­
tion between Cambridge and Easton and to obtain 
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geologic information in the previously unexplored 
section from 1,000 to 1,500 feet . The lithologic 
logs are given in the appendix. 

Geophysical logs, including resistivity, sponta­
neous potential, and gamma-ray logs, of the three 
exploratory holes are shown in figure 5. The 
figure shows a good correlation between the geo­
physical logs in the different holes. The lithologic 
and geophysical logs from the three exploratory 
holes were used with logs from several other key 
wells to prepare detailed geologic sections across 
Dorchester and Talbot Counties. 

Figure 6 presents three geologic sections across 
Dorchester and Talbot Counties showing the gen­
eral lithologic character of the upper 1,500 feet of 
Coastal Plain sediments. Section C- C' is based on 
geophysical and drillers' logs for holes drilled in 
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Figure S-Geophysical and lithologic logs of three 1,SOO-foot exploratory holes in the Cambridge-Easton area. 

part along the line of strike from Queen Anne 
through Easton, Cambridge, and Church Creek. 
Sections D-D' and E-E', based on logs from holes 
located along the general direction of dip through 
Easton and Cambridge, respectively, show the 
gradual southeast slope of the formations. As may 
be seen in these sections, sands that are the 
aquifers comprise only about one-quarter of the 
section in the upper 1,500 feet of Coastal Plain 
sediments. 

Section C- C' of figure 6 shows that: 
(1) sands occur in the Cretaceous sediments 

between 1,000 and 1,500 feet . Individual sands 
have not been correlated between different holes 
because experience in other parts of the Maryland 
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Coastal Plain has shown that such sands are com­
monly limited in lateral extent. 

(2) sands in the Magothy through the Mon­
mouth Formations occur across the full length of 
the section. 

(3) sands in the Aquia Formation occur in 
lenticular beds, particularly in the Easton and 
Queen Anne areas but are completely missing at 
Cambridge. 

(4) sands in the Piney Point Formation are 
present across the section but are relatively thin 
in the Easton area. 

(5) sands in the Calvert Formation are thick­
est and probably yield the most water in the vicin­
ity of Easton. 
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(1) several sands occur in the deeper part of 
the section at the Wades Point well (Tal-Cb 89) 
and in the deep wells at Easton (Tal-Ce 62 and 
-De 18). 

(2) the Aquia Formation occurs consistently 
across the section at depths ranging from 300 to 
600 feet below sea leveL 

(3) sands in the Piney Point Formation 
occur as a thin bed at the Wades Point well in the 
western part of the section, thicken to more than 
100 feet between St. Michaels and Doncaster, and 
become very thin in Easton. They again thicken to 
the east of Easton. 

14 



(4) sands in the Calvert Formation are too 
thin and occur at too shallow depths for develop­
ment of water supplies in the western part of the 
section but are deep and thick enough to be good 
aquifers near Easton. 

Section E-E' shows that: 
(1) sands occur in the section below 1,100 

feet in well Dor-Ce 77, but the lack of additional 
deep holes precludes any statement regarding 
their lateral extent. 

(2) sands in the Magothy Formation occur in 
the area between the State Hospital and well Dor­
Bd 4, about 4 miles west of Cambridge. 

(3) sands in the Aquia Formation occur from 
the western end of section E-E' eastward to Horn 
Point, but pinch out before reaching Cambridge. 

( 4) sands in the Piney Point Formation 
occur across the entire length of the section. 

(5) sands of the Calvert Formation are lim­
ited in lateral extent and hole to hole correlation 
is difficult. 

(6) some sands in the deposits of Pleistocene 
age extend below sea level and may be subject to 
intrusion by saline water from adjacent Chesa­
peake Bay. 

The three sections shown in figure 6 represent 
less than half of the total thickness of the Coastal 
Plain deposits in the area. The occurrence and 
extent of water-bearing sands in the lower half of 
the Coastal Plain sediments remains unknown. 

GROUND-WATER RESOURCES 

Ground-water supplies nearly all the water 
presently used (1966) in the area, exclusive of 
water used for cooling electric power generators, 
and is expected to continue to do so. This section 
discusses the availability of ground water from 
the various geologic units with emphasis on a de­
termination of the quantity of water that can be 
obtained on a long-term basis. The present and 
future anticipated water needs are greatest in and 
around the cities of Cambridge and Easton. Sepa­
rate sections are included that evaluate the 
ground-water potentials of each of these cities. A 
section also describes ground-water availability in 
northeastern Dorchester County, an area that ap­
parently has the greatest potential for develop­
ment of large ground-water supplies. 

Availability of Ground Water From 
Geologic Units 

The major aquifers in Dorchester and Talbot 
Counties are sands in the Patapsco, Raritan, Mag­
othy, Matawan, Aquia, Piney Point, and Calvert 
Formations and in the deposits of Pleistocene age. 
Some of the water-bearing sands pinch out locally, 
whereas others are widely distributed and their 
occurrence is generally predictable. Although each 
of the major aquifers has its own distinctive wa­
ter-bearing characteristics, the sands themselves 
often vary considerably from one place to another 
in thickness, grain size, mineral content, and per­
meability. 
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The geologic character and water-bearing prop­
erties of these formations have been described in 
detail by Rasmussen and Slaughter (1957, p. 
33- 85). The reader is referred to their work for 
more detailed information about individual aqui­
fers. This report presents a general description of 
the principal aquifers, with emphasis on recent 
findings. 

In some places, the aquifers are separated by 
impermeable confining beds (or aquicludes). In 
other places, the sands are separated by leaky 
confining beds (aquitards) and are, therefore, 
hydraulically connected to some degree. When dif­
ferences in hydrostatic pressures exist between 
aquifers, water will leak from one aquifer to an­
other through a leaky confining bed. Thus, the 
geology of the counties is such that some aquifers 
function as separate, distinct hydrologic systems, 
whereas others are interconnected and form more 
complex systems. 

Figure 7 is a hydrogeologic map of Dorchester 
and Talbot Counties. It shows the principal aqui­
fer being pumped in each area at present (1966). 
In general, the aquifer used is the shallowest wa­
ter-bearing formation producing sufficient water 
of usable quality. However, in some areas more 
than one aquifer is used. For example, at Easton, 
the city wells pump water from the Calvert For­
mation, the Aquia Formation, and the Magothy 
Formation. Figure 7 also provides a brief descrip­
tion of the water-bearing properties of each 
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E X PLA NATION 

PRINCIPAL AQUIFERS 

I ""I ~ 
Pleistocene deposits: aqu ifer 

consists of b l anket of shallow sands 
and gravel f rom 40 to 100 feet thick. 
Yi elds up to 1500 gpm of water to 
several wells in northeastern Dorches ­
ter County . Transmissibility r anges 
from 95,000 to 175 , 000 gpd per foot 
where tested. 

\l 
Calvert Format ion: aquifer con ­

sists of lenses and th in (1 5 to 20 
feet) sheets of gray medium sand con ­
taining shell beds within t hick beds 
of si l t a nd cla y ., Yields up to 200 
gpm in one well in Easton. Trans­
missibility is 4000 gpd per foot at 
Easton. 

1----- 1 0 

Pine y Point Format ion: aqui f er 
consists of up to 150 feet of me dium 
to coarse ol ive - green to black, glauco ­
nitic s a nd. Has yielded 1200 gpm to 
an individual well at Cambridge. 
Specific capacities range up to 13 gpm 
per foot of drawdown and transmissi ­
bil i ty is 30 , 000 to 45,000 gpd per foot 
in t he Cambridge area. Wat er level was 
20 f eet abov e sea level when f irst 
tapped in 1888. Pumpage to date has 
created an extensive c one of depressi~n 
80 to 90 feet below sea level in the 
Cambridge area. 

~~~~~ 0 

Aquia Formation : aqu i f er consis t s 
of l ayers 5 to 20 feet thick of glauco­
ni t i . green sand with she ll f ragmen t s. 
Tnnsmissibil i ty is from 2000 to 5000 
s pa per foot at sites tested . ~ ields 

,:50 gpm to wells. 

<) 

Magot hy and Matawan Formations: 
aquifer consists of light gray, f ine to 
coarse sand, 30 to 40 f eet t hick ) at 
depths of 950 to 1100 fe e t . Tr a nsmis s i­
bility r a nges f rom 6500 to 15,000 gpd 
per foot . Yields of wells range up to 
440 gpm, 



aquifer, listing such data as transmissibility and 
the yields of wells. The map may be used as a 
general guide to the avai,lability of ground water, 
considering that some of the the deeper aquifers 
have not been explored or tested to date. 

Patapsco and Raritan Formations: The Patap­
sco and Raritan Formations are not used as 
sources of water because they occur at depths of 
1,000 to 1,500 feet, and adequate supplies have 
been developed from shallower formations. How­
ever, elsewhere in the Maryland Coastal Plain, as 
at Annapolis and Glen Burnie, the two formations 
are excellent aquifers. 

The Patapsco and Raritan Formations were 
penetrated by four test holes (Dor-Ce 77, Tal-De 
16, Tal-De 18, and Tal-Cb 89 (figure 6) ). The logs 
of these holes disclose the presence of many sands 
worthy of testing to determine the quantity and 
quality of water available from them. The individ­
ual sands, though relatively limited in extent, may 
be sufficiently interconnected to form aquifers of 
local importance. Some individual sands cannot be 
correlated from one deep test hole to another be­
cause the spacing between holes is several miles. 
The clays in the Patapsco and Raritan are gener­
ally red or variegated in color and very tough. 

At Easton, test hole Tal-De 18 (figure 5) pene­
trated three sands that may be aquifers in the 
previously unexplored interval from 1,100 to 
1,500 feet. The thickest sand occurred at a depth 
of 1,420 to 1,464 feet below land surface, and 
thinner sands were found at depths of 1,352 to 
1,368 feet and 1,210 to 1,219 feet. Geophysical 
logging indicated that the two thickest sands are 
probably good aquifers. 

Near Cambridge, test hole Dor-Ce 77 (figure 5) 
penetrated more than 100 feet of sand in the pre­
viously unexplored interval in the Patapsco and 
Raritan Formations, between 1,000 and 1,500 
feet. The sand occurs in four beds ranging from 
15 to 40 feet in thickness. The upper two beds 
between 1,010 and 1,215 feet are the thinnest. 
Electric logging of this interval indicates that 
these sands contain fresh water. Testing of a well 
drilled by the city of Cambridge in 1971 showed 
that sands between 1,270 and 1,350 feet have a 
transmissibility of over 16,000 gpd/ ft. and con­
tain fresh water. 

Magothy Formation: For the purpose of this 
report, the Magothy Formation is grouped with 
the overlying Matawan and Monmouth Forma­
tions, as it is difficult to differentiate the three 
formations in most drill holes, especially in the 
northern part of the area. 
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The Magothy occurs throughout an extensive 
area, but its sands differ greatly in permeability. 
In most drill holes, the sands are medium- to­
coarse-grained and occur in beds from 20 to 50 
feet thick. The top of the formation is found at 
about 900 feet below sea level in the Cambridge 
area and at about 1,000 feet below sea level at 
Easton. A contour map showing the approximate 
depth to the top of the uppermost water-bearing 
sand in the Magothy Formation is presented in 
the report by Rasmussen and Slaughter (1957). 

The Magothy is the deepest formation currently 
(1966) yielding water in Dorchester and Talbot 
Counties. Sands of the Magothy Formation con­
stitute one of the most productive aquifers in 
Maryland, especially in the Annapolis area. The 
water-bearing properties of the formation may be 
summarized as foHows : 

(1) The Magothy yields water from permeable 
water-bearing sands that are lenticular and that 
may be either isolated or interconnected. 

(2) Transmissibility ranges from 6,500 to 
15,000 gpd per foot . 

(3) Wells completed in the Magothy generally 
have a large available draw down because of the 
relatively shallow static water levels and great 
depth to the top of the formation (900 to 1,150 
feet) . 

Thus, large additional quantities of water are 
available from the Magothy Formation by lower­
ing water levels. The limit of this development 
will probably be at the top of the formation, since 
lowering water levels below this level will decrease 
the yield. Pumping water from depths of 800 to 
1,000 feet will demand more power, longer pump 
columns, and will result in greater cost per gallon 
than the present pumping from shallow levels. 

Pumping tests indicate the transmissibility of 
the sands in the Magothy at Easton and the Cam­
bridge is about 8,000 gpd per foot. In Dorchester 
Count y the Magothy is the source of water for 
some domestic supplies in the vicinity of Church 
Creek and for one well at Horn Point. Attempts 
were made to develop a second well in the Mago­
thy Formation about half a mile east of the well 
at Horn Point, but they were unsuccessful, indi­
cating that the sand in the formation is absent 
there. A well, Tal-Bf 66, drilled for Esskay Poul­
try Plant at Cordova in 1947, yielded 210 gpm 
from the Magothy Formation for 24 hours with 
185 feet of draw down during its acceptance test. 
Evidence that the sands in the Magothy are inter­
connected lies in the fact that water levels in these 
wells, where measured, are at similar depths 
below sea level. However, some sands may be 



lens-shaped, small in areal extent, and enclosed by 
clay beds. Such beds would receive little or no 
recharge and, during long periods of heavy pump­
ing, might be pumped to the limit of ~ecovery. 
Well Tal-Ce 5 at Easton taps a sand that IS proba­
bly an isolated lens. It has been reported that 
water levels in this well declined more rapidly and 
recovered more slowly than would be expected if 
the sand were hydraulically connected to other 
sands. 

As of 1966, six wells and one test hole have been 
completed in the Magothy and the overlying Mat­
awan and Monmouth Formations in the Easton 
area. Each test hole penetrated usable thicknesses 
of water-bearing sands in the zone between 1,000 
and 1,150 feet below sea level. Aquifer tests show 
that the sands have coefficients of transmissibility 
ranging from 6,500 to 14,000 gpd per foot and 
averaging about 10,000 gpd per foot. The sands in 
these formations are probably the best sources of 
water in the Easton area. 

Two wells, Tal-Ce 61 and -67, are multiple­
screened and yield water from a sand at 1,000 feet 
and from a sand between 800 and 900 feet. The 
upper sand may be in the Monmouth Formation. 
Another well, Tal-Ce 60, taps the 1,000-foot sand 
in the Magothy. 

Three wells, Dor-Ce 1, -Ce 3, and -Ce 15 have 
been completed in the Magothy Formation at 
Cambridge. Data for these and other wells are 
listed in table 6. An aquifer test of the Magothy 
was made in 1958 by E. G. Otton of the U.S. 
Geological Survey. The test consisted of pumping 
Dor-Ce 3 at 290 gpm for 12 hours and observing 
the effect of the pumping on water levels, both in 
Dor-Ce 3 and in observation well Dor-Ce 15 lo­
cated 2,250 feet to the northwest. The water level 
in Dor-Ce 15 was lowered 4.24 feet by this pump­
ing. Computations of the test results indicated the 
transmissibility of the Magothy Formation at 
Dor-Ce 3 is about 8,000 gpd per foot and at Dor-Ce 
15 is about 15,000 gpd per foot. 

The initial well tapping the Magothy at Cam­
bridge, Dor-Ce 1, was drilled in 1945 by the Crys­
tal Ice and Storage Co. At the time it was com­
pleted, the static water level was 11 feet above 
land surface or 29 feet above sea level. This well 
and Dor-Ce 3, have been pumped almost continu­
ously since they were completed. At present 
(1966) the water level in the Magothy Formation 
at Cambridge, as measured in observation well 
Dor-Ce 15, is 25 to 30 feet below sea level. This 
represents a total draw down of 50 to 60 feet, 
which is caused by the combined pumpage of 
about 400 gpm from wells Dor-Ce 1 and -Ce 3. 
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Aquia FOTmation: The Aquia Formation is a 
green, glauconitic quartz sand. It also contains a 
few clay layers, shell fragments, Foraminifera, 
and hard crusty (cemented) beds. Fossils in the 
formation attest to its marine origin. The water­
bearing sands are about 40 to 65 feet thick. 

Within the area, the Aquia is an aquifer only in 
western Talbot County and northwestern Dor­
chester County. Because an impermeable boundary 
passes northeastward through Trappe the Aquia 
contains no water-bearing sands at Cambridge. 
(See plate 8 in RaJsmussen and Slaughter, 1957.) 
Most of the recharge to the Aquia occurs in the 
outcrop area on the western shore of Chesapeake 
Bay along a narrow band, which strikes north­
eastward through Annapolis, about 27 miles 
from Easton. 

The Aquia Formation is the primary source of 
water in: (1) the northwestern part of Dorches­
ter County; (2) an area southwest of Easton (in­
cluding the Bailey's Neck and Oxford Neck 
areas), and (3) parts of the St. Michaels-Tilgh­
man Neck area (figure 7). The aquifer is used 
extensively in the northwestern part of Dorches­
ter County because its water levels are still rela­
tively high as compared with water levels in the 
overlying Piney Point Formation. Many home­
owners, when given a choice of drilling either a 
relatively shallow and less expensive Piney Point 
well with a rather deep water level or a deeper, 
more expensive Aquia well with a shallower water 
level, choose the deeper Aquia well in order to 
obtain the shallow water levels. The Aquia For­
mation is used more as a source of water in the 
area southwest of Easton because the Piney Point 
Formation is not as productive in that area as is 
the Aquia. 

Water pumped from the Aquia Formation is 
used mainly for domestic purposes, much of it 
being pumped from small-capacity wells at rural 
homes. However, well Tal-Ce 50, an important 
producer for the city of Easton, pumps at 250 
gpm and averages about 60,000 gpd. 

Aquifer characteristics of the Aquia Formation 
were determined by pumping tests at three loca­
tions (table 3). The transmissibility is relatively 
low, ranging from 2,000 gpd per foot in northern 
Dorchester County to about 5,000 gpd per foot at 
Easton. The permeability is also low, ranging 
from 45 to 79 gpd per square foot. The storage 
coefficient of 0.0002, determined at one site, is typ­
ical of artesian aquifers. 



Table 3. Transmissibility, permeability, and storage coefficients of sands in the Aquia Formation. 

Coefficient Effective Field 
of sand coefficient 

transmiss- thickness of per-
Location ibility (feet) meability 

and owner (gpd/ ft) (gpd/ft 2) 

T M PI 

Horn Point 2,000 43 45 
Allen Evans 

Easton 5,000 63 79 
Easton Utilities 
Commission 

Bailey's Neck 4,000 54 74 
Talbot Country Club 

At Easton the Aquia lies 550 to 620 feet below 
sea level. The original static water level was at 
least a few feet above sea level, and thus about 
550 feet of drawdown was available to the first 
wells completed in the formation. The Aquia is 
capable of supplying moderately large quantities 
of water in the Easton area in spite of its low 
transmissibility. 

Piney Point Formation: The Piney Point For­
mation, the most important artesian aquifer in 
the area, provides most of the ground water used 
in the vicinity of Cambridge and much of the 
water used in Talbot County. The formation was 
deposited in a marine environment similar to 
that in which the Aquia Formation was deposited. 
The two formations are similar and are distin­
guished from one another in the field more by 
position in the geologic column than by lithologic 
characteristics. The Piney Point is generally an 
olive-green to black slightly glauconitic quartz 
sand and is predominantly medium- to coarse­
grained. It contains some lenses of fine sand, silt, 
and clay, and Foraminifera. Earlier studies indi­
cate that the Piney Point Formation pinches out 
toward the northwest before reaching the land 
surface. Because the P iney Point does not crop 
out, it cannot be recharged directly by precipita­
tion, and all fresh water in it must be derived 
from leakage through adj acent beds. The source 
of water in the Piney Point is not definitely 
known, but it is probably derived from both lat­
eral and vertical leakage. In its updip direction, 
the Piney Point becomes hydrologically connected 

Length of Screen position 
Coefficient drawdown referred to U.S.G.S. 
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of phase of sea level well 
storage test (feet) number 

(minutes) 

S 

- - 300 -618 to -638 Dor-Bd 10 

- - 375 -545 to - 578 Tal-Ce 50 

0.0002 572 -571 to -621 Tal-Dd 53 

with the underlying Nanjemoy Formation, which 
is an aquifer on the western shore of Chesapeake 
Bay. Thus, some water may move laterally into 
the Piney Point from the Nanjemoy. The thick­
ness of water-bearing sands in the Piney Point is 
variable, ranging from a few feet to more than 
160 feet. 

Coefficients of transmissibility, permeability, 
and storage, as computed from eight aquifer tests, 
are listed in table 4. The transmissibility is moder­
ately high, ranging from 9,000 to 45,000 gpd per 
foot . The permeability ranges from about 170 to 
500 gpd per foot, which is typical of aquifers con­
taining fine to coarse sands. The low values for 
coefficient of storage, 0.0002 to 0.0004, indicate 
artesian conditions. 

Sands in the Piney Point at a depth of 300 to 
375 feet below sea level produce much of the 
water used for domestic and agricultural purposes 
in rural areas surrounding Easton. These sands 
appear to be correlative with sands identified as 
the Piney Point Formation in southern Talbot 
County and in the Cambridge area. 

Currently, no wells at Easton are producing 
water from the Piney Point because of the desire 
of the city to leave the aquifer available for users 
in the surrounding area, and because the forma­
tion appears to be incapable of furnishing large 
supplies of water. Drillers' logs show thlil:t in the 
Easton area, and as far south as Oxford Neck, the 
formation contains mostly silt and clay and few 
permeable water-bearing sands. 

The Pin~y Point Formation is the main source 
of water for Cambridge. The formation occurs 



Table 4. Transmissibility, permeability, and storage coefficients of the Piney Point Formation. 

Location 

Cambridge 
Glasgow St. 

Cambridge 
Washington St. 

Cambridge 
Eastern Shore 
State Hospital 

Cambridge 
Bonnie Brook 

Cambridge 
Stone Boundary Rd. 

Iwye Station 
Queen Annes Co. 
Friel Cannery 

Dover Air Base 
Delaware 

1 Estimated 
'Open hole 
3 Pumped well 
• Observat ion well 

Coefficient 
of 

transmiss-
ibility 

(gpd j ft) 

T 

30,000 

45,000 

30,000 

35,000 

25,000 
30,000 

9,000 

39,000 6 

S Sundstrom and Pickett, 1968 

I 
Effective Field 

sand coefficien t 
thickness of per-

(feet) me ability 
(gpdj ft ') 

M P r 

100 300 

150 1 300 1 

160 185 

100 1 350 

147 170 
150 200 

52 173 

- - - -

from about 350 to 500 feet below sea level (figure 
13). Geophysical logs indicate that it grades up­
ward from a relatively impermeable silty clay at 
the base to a permeable sand near the top (figure 
5) . 

Most wells owned by the city of Cambridge are 
pumped from 350 to 600 gpm. The newest well in 
the system, Dor-Ce 78, was pumped at 1,200 gpm 
for 48 hours with 106 feet of drawdown during 
its acceptance test. 

Water levels in the P iney Point Formation have 
been lowered extensively in the study area. A 
large cone of depression, centered at Cambridge 
where pumpage from the formation is greatest, 
extends over a large part of the two-county area. 
This cone was mapped by Rasmussen and Slaugh­
ter (1957), and an updated map for the Cam­
bridge area (figure 16) was prepared for this re-

Length of Screen position 
Coefficient drawdown referred to U.S.G.S. 
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of phase of sea level well 
storage test (feet) number 

(minutes) 

S 

- 320 to - 390 Dor-Cd 43 3 

- - 138 - - Dor-Cd 44' 

-347 to - 397 Dor-Ce 2 3 

- - 525 - 348 to - 354 ' Dor-Ce 4' 

Open hole Dor-Ce 21 4 

- - 240 do. Dor-Ce 22 3 

- -

240 -388 to -409 Dor-Ce 75 3 

2,895 -344 to - 484 Dor-Ce 78 3 

.00037 2,895 Dor-Ce 79 4 

.00016 300 - 142 to -194 QA-Ee 21 4 

.00027 6 1,420 -337 to - 367 Je 32-4 ' 
Je 32- 5 3 

port. The effects of pumpage from the Piney 
Point are discussed in detail in the later section 
on the availability of ground water in the Cam­
bridge area. 

Calvert Formation: The Calvert Formation 
consists of gray diatomaceous silts and clays with 
interspersed thin lenticular sands. The sands are 
fine- to medium-grained, silty, and commonly con­
tain associated shell fragments. The formation 
crops out in Calvert County on the western side of 
Chesapeake Bay and dips southeast ward beneath 
the Bay. At Easton the top of the Calvert is 50 
feet below sea level, and in southeastern Dorches­
ter County it is 250 feet below sea level. The aver­
age thickness of the formation beneath Dorches­
ter and Talbot Counties is about 200 feet . 

In general the Calvert may be considered as a 
confining bed, but locally the sands are aquifers. 
Much of the water pumped from wells in eastern 
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Figure 8- Graphs showing water-levels in the Calvert Formation and Pleistocene deposits in northern Talbot 
County. 

Talbot and Dorchester Counties is from these 
sands. The yields of wells are moderate and their 
depths are shallow (less than 200 feet deep). The 
transmissibility is moderately low (3,500 gpd per 
foot) and the storage coefficient of 0.0001 at the 
one site tested at Easton is typical of an artesian 
aquifer. The combination of moderately low trans­
missibility and small available drawdown limits 
the water-yielding capacity of the Calvert. 

At Easton, the earliest ground-water supplies 
were developed from shallow (100-foot) wells tap­
ping sands in the Calvert Formation. Six public­
supply wells yielded 75 gpm in 1896, according to 
Darton (1896, p. 133). At present (1966), one city 
well, Tal-Ce 2, is being pumped at an average of 
82,000 gpd. However, some of the water pumped 
from well Tal-Ce 2 may be coming from sands of 
Cretaceous age. Two other wells in the Calvert, 
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Tal-Ce 9 and -Ce 10, at the Tidewater Inn, pump 
water for air-conditioning. At the time of their 
completion in 1946, each of these wells was tested 
individually at 200 gpm for 6.5 hours, with a 
drawdown of 48 feet. Because they supply water 
for cooling purposes, these wells are not used in 
the winter. Ten to fifteen additional wells were 
complet ed in the Calvert Formation on the east­
ern side of E aston between 1964 and 1967. 

It is likely that much of the water pumped from 
the Calvert Formation in the Easton area is de­
rived by downward leakage through the overlying 
Choptank Formation. 

Water-level fluctuations for two wells in the 
Calvert Formation, Tal-Bf 73 and Tal-Ce 7, are 
shown in figure 8. No long-term decline in water 
levels is evident from the figure. However, the 



Table S. Transmissibility, permeability, and storage coefficients of the deposits of Pleistocene age. 

Coefficient Effective Field 
of sand coefficient 

Location transmiss- thickness of per-
and ibility (feet) meability 

owner (gpd j ft) (gpd j ft 2) 

T M Pc 

Hurlock 150,000 3 96 1, 500 
American Stores 

Galestown 95, 000 62 1,500 
William Altvater 

East New Market, 175,000 100 1,750 
Norman Messick 

Cordova 100,000 3 38 2,600 
Schluderberg-
Kurdle Co. 

Federalsburg 170,000 3 46 3,700 
Town of 
Federalsburg 

1 Pumped well 
2 Observation well 
3 From Rasmussen and Slaughter, 1957. p. 102-105 

water level in one well , Tal-Ce 7, has been below 
sea level for the past 10 years. 

In the Cambridge area, a few wells yield water 
from shell beds in the Calvert Formation. The 
water is reportedly of poor quality, and for this 
reason most drillers attempt to seal off the Cal­
vert strata when constructing wells into the 
deeper Piney Point Formation. One well, several 
hundred feet from Cambridge Creek, was ob­
served in 1965 to contain water with high chloride 
content. Probably saline water from the creek 
reached the Calvert Formation by way of one or 
more nearby abandoned wells. Steps have been 
taken to prevent further contamination of the 
water in the Calvert by grout ing the abandoned 
wells. 

In northeastern Dorchester County, water-bear­
ing sands in the Calvert are found at depths of 
280 to 330 feet below sea level. A few wells yield 
water from the Calvert, particularly where the 
overlying P leistocene sands are not productive. 

Deposits of Pleistocene Age: Large areas in 
Talbot and Dorchester Counties are underlain by 
substantial thicknesses of very permeable sands 

Length of Screen position 
Coefficient drawdown referred to U.S.G.S. 

of phase of sea level well 
storage test (feet) number 

(minutes) 

S 

0.0005 2,760 -26 to -43 Dor-Bg 32 1 

22 

-45 to -50 Dor-Bg 33 2 

.0001 307 +14 to -42 Dor-Ci 3 1 

Dor-Ci 5 2 

- - 300 + 6 to -74 Dor-Cg 9 1 

.0006 2,502 +11 to -10 Tal-Bf 72 1 

-lto-6 Tal-Bf 74 2 

.15 720 + 15 to - 9 Care-Fd 1 1 

Care-Fd 2 2 

and gravels of probable Pleistocene age, capable 
of yielding large quantities of water to wells. The 
deposits consist of two lithologic types: (1) 
slightly cemented red, orange, and brown gravelly 
sands, and (2) uncemented, stratified, lenticular 
buff-colored sands and silts with minor amounts 
of gravel and clay. The reddish-brown gravelly 
sands were tentatively designated as being Pli­
ocene in age by Rasmussen and Slaughter (1957, 
p. 78-80). However, more recent work by Hansen 
(1966, p. 8-16) suggests that the two lithologic 
types are closely related in age, and Hansen clas­
sifies both units as P leistocene. This report fol­
lows Hansen's terminology and groups the two 
lithologic types under the general heading of de­
posits of P leistocene age. 

The thickness of the Pleistocene ranges from a 
few feet to more than 150 feet. 

Aquifer tests indicate that the deposits of Pleis­
tocene age are characterized by high permeability 
and transmissibility (table 5). The coefficient of 
permeability ranges from 1,500 to 3,700 gpd per 
square foot which is in the range for coarse sands. 
The high values for coefficient of transmissibility 
(95,000 to 175,000 gpd per foot) indicate that large 
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Figure 9-Map showing distribution of coarse-grained Pleistocene deposits. 
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amounts of water may be obtained from wells 
where sufficient available drawdown exists. Both 
art esian and water-table conditions occur in these 
deposits, as indicated by the artesian storage coef­
fici ents (0.0001 to 0.0006) at three sites and the 
water-table storage coefficient (0.15) at one site. 

Figure 9 is a map showing the areal extent of 
the Pleistocene deposits. It is based on published 
soil map3 prepared by the U.S. Department of Ag­
riculture, Soil Conservation Service (Matthews, 
1963 and 1964, and Reybold, 1970), which show 
the extent of coarse-grained soils in Talbot and 
Dorchester Counties. The deposits of Pleistocene 
age are not good aquifers in all the area shown in 
figure 9. In some places they are too thin, and in 
other places, where they are thicker, they are 
capable of yielding little water to wells because 
they are too well drained and the water table is 
too deep. However, moderately thick sections of 
saturated sands blanket much of northeastern 
Dorchester County and form the most productive 
aquifer there. These coarse-grained sands fill a 
rather deep trough in older fine-grained sedi­
ments, their base being about 80 feet below sea 
level. (See figure 26.) Because the water table is 
generally about 30 feet above sea level, drawdown 
available to some wells completed in these deposits 
is as much as 110 feet. 

At Cordova in Talbot County an aquifer test 
indicated a high transmissibility (100,000 gpd per 
foot) for the depo3its of Pleistocene age. How­
ever, the deposits near Cordova are of irregular 
distribution and have not been traced laterally 
any great distance (figure 9) . In addition, the de­
posits are thin and thus have limited available 
drawdown in wells. (See bottom of wells Tal-Bf 
74 and -Be 44 in figure 8.) 

Figure 9 shows that there is a north-south strip 
of these deposits across Talbot County, straddling 
the right-of-way of U.S. Highway 50. However, 
no high-yielding wells have been developed along 
this strip to date (1966). 

Water-level fluctuations have been observed for 
several years in two wells tapping these aquifers 
in northern Talbot County. Figure 8 is a graph 
showing annual highest and lowest measured lev­
els in these wells. Water levels in these wells fluc­
tuate less than 5 feet in any year and change little 
from year to year. Wa.ter levels in the d€lPosi.ts of 
Pleistocene age are not affected by pumping from 
nearby wells in the deeper Calvert Formation. 
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For example, the water level in well Tal-Bf 74 
showed no change while the pumping level in well 
Tal-Bf 73 (in the Calvert about 13 feet away) 
fluctuated from 35 feet above sea level to 5 feet 
below. 

Availability of Ground Water from 
Selected Areas 

Future demands for water are expected to be 
greatest in and around the cities of Cambridge 
and Easton. Thus, special efforts have been made 
to evaluate the potential for developing ground­
water supplies in and near the two cities. How­
ever, the area with greatest ground-water poten­
tial may be northeastern Dorchester County, 
where large supplies of good quality water are 
available from the deposits of Pleistocene age at 
shallow depth. 

This section describes the current utilization of 
water and presents a quantitative appraisal of the 
gr ound-water potential for Cambridge, Easton, 
and northeastern Dorchester County. 

Cambridge Area 

The city of Cambridge, the county seat of 
Dorchester County, is on the south bank of the 
Choptank River (figure 1). It is an inland port 
city, serving as a harbor for many small craft on 
Cambridge Creek and for ocean vessels at newly 
constructed pier facilities on the Chop tank River. 
Cambridge has served as a food processing center 
for many years, both for canning produce and 
poultry grown locally and for canning frozen sea 
food shipped in from other parts of the world. 
The population of Cambridge in 1960 was 12,239. 

Current Us e of Ground Water and Estimated 
FutuTe Requirements: Cambridge is dependent on 
ground water as a source of industrial, private, 
and municipal water supplies. The few streams in 
the vicinity occupy broad drainage basins of low 
relief, affording little opportunity for the con­
st ruction of suitable surface impoundments. Fur­
thermore, some of the streams contain brackish 
water in their lower and middle reaches. (See sec­
t ion on surface-water resources.) 

As of 1966, wells tapping the Piney Point and 
Magothy Formations have supplied the water 
used in Cambridge. The Piney Point has been the 
main source of water, and the deeper Magothy 
wells have been used only in recent years. 



The first wells were drilled into the Piney Point 
Formation at Cambridge in 1888. The quantity of 
water pumped from the aquifer from 1888 to 1932 
is not known, but from 1932 through 1965 the 
pumpage gradually increased from a reported av­
erage of 1.1 mgd to about 2.8 mgd. Beginning in 
1945, additional water was obtained from the Mag­
othy Formation. By 1965 the total pumpage was 
3.5 mgd, of which about 0.7 mgd (20 percent) was 
from the Magothy Formation, and the remaining 
2.8 mgd (80 percent) was from the Piney Point 
Formation. The average daily pumpage from the 
two formations from 1932 to 1966 is shown in 
figure 10. As can be seen in the bar graph, the 
proportion of water being pumped from the Mag­
othy has increased slightly in recent years. 

The pattern of water use at Cambridge has 
changed recently, as shown in figure 11, in which 
the average daily pumpage for each month from 
1954 to 1966 is given. During the first 4 years 
shown on the graph, total water pumped by both 
the municipal and industrial users ranged from 6 
mgd to 2 mgd. These wide seasonal ranges reflect 
the large quantities of water pumped by canneries 
duri.ng summer months and 'periods of inac,tivity 
during winter months. During some periods, the 
canneries pumped about half as much water as 
was pumped by the city. In 1959, pumpage by the 
canneries was reduced, and by 1960 the total 
water pumped was lower than it had been in the 
preceding 10 years. Since 1960, pumpage has been 
increasing gradually with the city pumping a 
larger proportion of the total water used. The 
more evenly distributed pattern of pumping since 
1960 results from the transition in the city's econ­
omy from seasonal industries to year-round indus­
tries. 

Extrapolation of population projections by 
Werner and Dyer (1963) suggests that the popu­
lation of Cambridge will be about 23,000 by the 
year 2000. Anticipated ground-water pumpage is 
difficult to predict because there is no distinct 
trend of increasing pumpage in recent years. In 
fact, pumpage rates have not changed signifi­
cantly in the past 15 years, as shown in figures 10 
and 11. However, it seems likely that if the popu­
lation doubles by the year 2000, the rate of pump­
ing will at least double the 1966 rate of 3.5 mgd to 
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Figure 10-Average daily pumpage from the Piney 
Point and Magothy Formations at Cambridge. 

about 7 mgd in 2000. Increases or decreases in the 
amount of water used by canneries or new indus­
tries would, of course, modify this figure. 

The high-capacity wells in Dorchester County, 
including the municipal supply wells at Cam­
bridge and wells used by food-processing indus­
tries in the Cambridge area are listed in table 6. 
The table summarizes pertinent details such as 
well construction, depth, aquifer, yield, water lev­
els, and pumping test data. The locations of these 
wells are shown in figure 12. 

Quantitative Appraisal of AquifeTs: The 
Coastal Plain sediments are about 3,300 feet thick 
at Cambridge. However, only the upper 1,500 feet 
of the sediments have been penetrated by test 
drilling. Little is known about the geologic or wa­
ter-bearing characteristics of the sediments be­
tween 1,500 feet and the crystalline basement 
rocks believed to occur at about 3,300 feet. A geo­
logic section of the upper 1,500 feet of the Coastal 
Plain deposits at Cambridge is shown in figure 13. 
The section is based on lithologic and geophysical 
logs of test hole Dor-Ce 77. Also shown in the 
figure are the hydraulic characteristics of the 
aquifers and the chemical character of the ground 
water. The stratigraphic relationship of the sedi­
ments underlying Cambridge to those elsewhere 
in Dorchester and Talbot Counties is shown in 
figure 6, discussed previously. 
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Figure 11-Graph showing ground-water pumpage from municipal wells and industrial wells at Cambridge by 
months, 1954-1966. 

Potential aquifers are believed to occur in the 
Raritan and Patapsco Formations in the depth 
interval from 1,025 to 1,500 feet. The geophysical 
and lithologic logs of test hole Dor-Ce 77 show the 
existence of at least four water-bearing sands in 
this interval that are probably worthy of future 
testing (figure 5). 

As the Piney Point and Magothy Formations 
are the principal sources of water for Cambridge, 
a quantitative evaluation of the long-term yields 
of these aquifers follows. The calculations of 
long-term yields are based on the nonequilibrium 
equation developed by Theis (1935). A discussion 
of the Theis equation may be found in any stand­
ard text on ground-water hydrology. The Theis 
equation relates the drawdown at any point from 
a pumping well to the pumping rate, coefficients 
of transmissibility and storage of the aquifer, and 
time. Thus, it is possible to predict drawdown at 
variable times and pumping rates at any distance 
from a pumping well, which aids in proper well 
spacing. 

The maximum available drawdown in artesian 
aquifers such as the Piney Point and Magothy 
Formations is generally the difference between 
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the static water level and the upper surface of 
the aquifer. Lowering the water level below the 
upper surface would dewater the aquifer and the 
yield would decline. 

Available drawdown and the coefficients of 
transmissibility and storage are reasonably well 
known for the Piney Point and Magothy Forma­
tions in the Cambridge area (figure 13). The 
long-term yields have been calculated and are pre­
sented in the following sections. However, it is 
emphasized that these are theoretical yields based 
on assumptions of the Theis equation: (1) the 
aquifer is horizontal and is of infinite areal ex­
tent, (2) the pumped well fully penetrates the 
aqu ifer, (3) the transmissibility is constant 
within the cone of depression, and (4) the aquifer 
receives no recharge. In practice these assump­
tions are never fully met. However, in such wide­
spread artesian aquifers as the Magothy and 
Piney Point, the assumptions are approached, and 
the calculated long-term yields are reasonably 
accurate. 

As large drawdowns are required for maximum 
yield, the effects of extensive lowering of water 
levels should be considered. One effect, of course, 
is to increase the cost of pumping water. Another 



.., 
~ 

Well number Owner ' e name 
a nd 

U. S . G. S . Permit designs tion 
Dor-

Cd 40 10961, Riverside Apart -
mente 

Cd 43 32096 Municipal Utili-
ties Comm i ssion. 
Glasgow St. 

Ce 1 - Crystal Ice Co. 

Ce 2 - Municipal Utili-
ties Coaunise ion I 

Dorches ter Ave . 

Ce 3 174 do. 

Ce 4 - Municipa l Utili-
ties Commi ssion I 

Was hington St. 
No.1 

Ce 5 - do . No . 2 

Ce 6 - Municipal Utili-
tie s Commi s sion , 
Fletcher Ave • 

Ce 9 - Municipa l Utili-
t i es Commission . 
High St. 

Ce 10 - Municipal Utili-
ties Commission. 
Mill St . 

Ce 12 1427 Municipal Utili-
ties Commissi on, 
Nathans Ave . No.1 

Ce 13 1645 do . No .2 

Ce 15 1220 Carroll W. Thomas 
Inc., Trenton St. 

Ce 21 - Easte rn Shore 
Sta te Hospital 

Ce 22 - do. 

Ce 61 9474 Coastal Foods Co. 

Ce 62 9902 Maryland Tuna Corp. 
No. 1 

Ce 72 24574 do . 
No • .2 

Ce 73 26604 Cat al yst Re s earch 
Corp. 

Ce 74 56055 Bonnie Brook 
Deve10pDent 

4-inch 

Ce 75 56056 do. 6-inch 

Ce 78 066W26 Municipal Utili-
ties Commission, 
Stone Boundary Rd. 

11 Open hole " 

Y Free flow at land surface . 

~ Well out of service. 

.... . 
o u . .... 

." ..... ~ 0 .. 'g~t ,.;~ 
~,.; .<:,.;. 
a :;1 ~ .. ~ .. 

"" .... 0. , .... 
" ~.,, - ~ -." ... C 

"" .'1 

1953 5 400 

1959 16 406 

1945 18 966 

1945 15 412 

1946 15 977 

1931 18 372 

1931 18 405 

1936 16 463 

1936 25 413 

1910 6 375 

1947 18 432 

1947 18 430 

1947 6 974 

1914 12 370 

1921 12 411 

1952 15 442 

1952 15 446 

1956 25 450 

1957 20 , 446 

1964 15 422 

1964 15 454 

1965 16 503 

Table 6. Data for high-capacity wells in Dorchester County. 

.... Test data Specific Opera ting da ta Aquifer Remarks 0 
capac ity . 

." ~ (gpm/ ft 
" . Altitude of wa ter leve l Alt i tude of wa t e r leve l 
~ .!! Length dra wdown ) TranB-
"" ~ St a tic Pum ping Yi e l d Date of Static Pum ping Yield Date Name missibili ty ... 
"" ereet) ( f eet) (gpm) test (feet) (fee t) (gpm) (gpd/n) 

(hour s) 

- 363 to -64 - g6 41 5/-/53 6 1.3 - - - - Piney Point - Observa tion we 1l. 
- 384 

- 320 to - - 98 300 1/ 15/59 24 - - - - - do . 30 ,000 
- 390 

- -~3e8 to +29 - 20Y 5/ - / 45 - - - - - - Magothy -
-~7 to - 87 - 166 625 6/28/ 51 1> 8 - - 500 1965 Piney Point - "Shal low" welL 

- 397 

- 926 to ' . 15 - 92 436 4/ - / 46 24 4 -14 - 300 1966 Magothy 8,000 "Deep" well . 
- 955 10/27/65 

- 348 to -8~ - - 7/23/51 - - -106 - - 11/ 1/65 Pi ney Point 45 ,000 
-354 b 

-y - 82 - 600 7/ - /51 - - - - - - do. 45 ,000 

-350 to - - - - - - -95 - 500 5/6/65 do . -
- 447 1; . 

- - 77 - 700 7/3/51 - - - V - - do. - Used only as an obse rvation 
well in 1967 . 

. -g9 to - - - - - - -87 - 585 ~/25/65 do • -
- 3691, 

- 361 to - 65 - 93 350 7/- / 47 24 12 - - - - do . -
- 412 

- 357 to - 70 -l27 350 10/- /47 24 6 - - - - do. -
- 408 

- 944 to - 74 -122 200 1947 24 4 . 27 V - 8/ 10/64 Magothy 15,000 Do. 
- 964 

- -27 -40 180 8/- / 14 - 14 - 62 - - 2/14/52 Piney Po i nt 30 ,000 Do . 

- - 84 -102 185 6/ 2/ 65 - 10 - - - - do. 30 ,000 Do . 

- 377 to - 83 - 580 3/ -152 2A l2 - l20 -163 540 5/ 6/66 do . 40 ,000 
- 427 

- 377 to - 94 -179 513 6/25/52 24 6 - - - - do. -
-431 

- 376 to -129 - 206 510 8/29/56 24 7 - - - - do. -
-425 

- 384 to -76 - So 56 6/- /57 24 14 - V - - do . - Not opera ted in 1966. 

-426 

- 386 to - 67 -105 100 6/-/64 72 3 - - - - do. -
- 407 

- 388 to - 68 - 90 60 5/21/65 4 3 - - - - do. 30 ,000 
- 409 

-344 to - 84 -190 1200 11/1/65- 48 11 - - - - do. 30 ,000 Observation well until permanen 

-483 11/ 3/65 pump was installed. Not 
operat ed in 1966. 

-
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Figure 12-Map showing locations of important wells in the Cambridge area. 

28 



Geologic 
unit 

Oepollitao f 
Fleistoeene (?) 

age Y 

Choptank (?) 

Calvll r t 

For=ationa 

Altitude 

(in fut) 

- 100 
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Gwuxa 

Ga:=a- r ay 
1 •• 

Y 

Spontaneoua 
potential 
log (S- p) 

Y 

I~ 

Lithology Elect r ical 
r eaistivity 

V log 

'---:::~- ? .=._--,e 

~ ! 

, " , ~ 
,, > ) 

~ 
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Lithologic 
de6c r iptioo 

y 

Sand , sil t, and clay , 
bur! to gray ; IIWl r llh 
cud and channel fill 

Rock layer , hard 

Clay , green, sandy, 
with fossil s hlllls 

Hydrologic 
de aignation 

Aquiclude 

Sand , gray, a nd 11=(' clay Aqu ife r 

CIay , gray 

Sand , olive _gr ee n to 
black , med . t o coa rse ; 
.~. fioelSand . a ilt 
and clay; foasils 
e~on ; formation 
leGS per=:eablll near 

"' .. 

Clsy , glauconitic , gray ; 
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6&. nd with pyrite and 
ahella 

Rock layer , ellelle 

Clay and oil t , da rk gray 

Aquiclude 

Aquife r 

Aquiclude 

..:. . . ..:.... . . ...: : t o coar se , "oIi t h layer s 
Aquife r 

HYDRAULIC CHARACTERISTICS OF ':'QUlFERS 

Range io 
well yielda 

(gpm) 

40 - 1 , 200 

Coefficient 
.r 

tran5l!li6-
aibility 
(gpd/!t) 

30 .000 

8 ,000 

Coefficient 
.r 

storage 

0 . C>004 

0 , 0001 

C~IC.A.L CI!ARACr!:R OF GROOIID 'riA TER 

Concentration of chemical constituents and propertiell of 
wate.r 

( i n lIIyl except f or pI! a nd t empe rature ) 

Conll t ituent or 
pro~rty 

I r on (Fe) 

Chloride (CI) 

Fluoride (r) 

DiSGolved Golids 

Hnrdo('sG 

pH 

~empcrature (oF) 
(Oc) 

Iron (Fe) 

:'",erage ~.axilllu= HinilllulII Number 0 
llalllplea 

0 . 07 0 , 11 O.O} 

7 . 6 10 5.1 

1.1 1.3 . 9 

465 480 }76 

29 37 24 

8 . 3 8. 7 8. 0 

64 64 63 
18 18 17 

0 , 12 0 . 22 0 . 02 

2 . 2 t Sand , grayish- "oIhite,med . 

clay ; so:ne lignite Ilnd 

I~:·~:~ ~~ ____ +-~'.~'b~.~M~"~.~"'~U~"='U~' ~~~~ ___ I _________ +-________ +-________ i 
~. L, Clay , r eddioh to bro>m Aquiclude 

Chlor ide (Cl ) 4 . 2 6 . 8 

Fluorid e (n 1.1 1.1 1.0 

~ .. :~.' 

---= --
~ 

!I Based 00 data [ r Olll t e ot hole Do.r - Ce n at Eastern Shore Sta t e Hospita l. 

Sand, clean , yellow to 
light- brown . med , to 
coarse , subangular ; 
sOllIe clay ."ith side rite 
Ilnd pyrite 

Aquiclude 

Aquifer (?) 

Aquifer 

2.../ lIot a n aquife r a t Cambridge . 

)16 ,000 

Oisllolved so l1ds 

pH i\,mNO,", 
Te~per8 ture (-F ) 

( - C) 

Iron (re) 
Chloride (Cl) 
Fluoride (f) 
Diasolvedsol ids 
Hardnc88 
pH 
Telllperature (en 

(-C) 

284 
10 

8 . 2 

72 
22 

0 . 2 
5, 0 
0.4 

168 
o 
7. 8 

79 
26 

385 243 
18 3 

8.5 7 . 9 
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22 22 

Figure 13-Geologic section at Cambridge to a depth of 1,500 feet showing lithologic and geophysical logs, 
hydraulic characteristics of aquifers, and chemical character of the ground water. 

effect may be the more serious one of land subsid­
ence. The reduction of artesian pressure in the 
water-bearing sand and particularly in the adja­
cent clay and silt may induce compaction. This 
results in subsidence of the land surface. Such 
subsidence has been more than 10 feet over a 
large area in California (Lohman, 1961; Miller, 
1961; and Poland, 1961). However, in other locali-

29 

ties, extensive decline of artesian heads has 
caused no measurable land subsidence, Needless to 
say, subsidence of the land surface in the Cam­
bridge area should be avoided because of the low 
elevation of the land surface. If greatly increased 
pumpage is begun at Cambridge, land subsidence 
should be monitored. (See section on Future Mon­
itoring.) 



A. Magothy Formation 

The Magothy Formation is capable of yielding 
considerably more water than is presently being 
pumped from it. One well (Dor-Ce 3) yields 300 
gpm, and it is believed that additional wells capa­
ble of yielding as much as 400 gpm (with draw­
downs ranging from 100 to 200 feet) can be com­
pleted in the aquifer. 

The coefficients of transmissibility (8,000 gpd 
per foot) and storage (0.0001) of the Magothy 
Formation have been used to calculate theoretical 
draw downs at various distances from a pumping 
well. Figure 14 shows the calculated drawdown at 
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Figure 14- Distance-drawdown graph for the Magothy Formation at Cambridge showing theoretical drawdown 
after 27 years and 100 years of pumping at 400 gpm. 
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distances of 1 to 100,000 feet from a Magothy 
well discharging 400 gpm after 27 years and 100 
years of continuous pumping. It should be noted 
that the drawdown after 27 years is more than 90 
percent of the draw down after 100 years. Thus, 
for the estimate of long-term yield, the 27 -year 
draw downs have been used. The figure shows that 
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a well pumping 400 gpm for 27 years will cause a 
draw down of 72 feet at a distance of 1,000 feet. 
The draw down in the aquifer just outside the 
pumping well (12-inch effective radius) would be 
about 150 feet. Thus, if two wells 1,000 feet apart 
were pumped 400 gpm each, the drawdown in 
each well would be 222 feet in 27 years. The 

u. s. 50 

EXPLANATION 
----300 

St r ucture co nto ur shows altitude 

of top of Piney Point FOI·mation . 

Contour in terva l 20 feel. 

Datum IS mean sea level. I 
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Figure 15- Map showing the altitude of the top of the Piney Point Formation at Cambridge. 
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drawdowns in additional wells can be similarly 
computed for any number of wells. 

In estimating the amount of water available 
from the Magothy Formation, two hypothetical 
well-field configurations were considered-each 
with wells of 12-inch effective radius located 
along a line 4 miles in length. In the ·first field, 
having 5 wells spaced at 1-mile intervals, the 
drawdown in the center well at the end of 10,000 
days is 4441 feet, and the quantity of water ob­
tained is 2.9 mgd. In the second hypothetical field, 
having 9 wells spaced at 0.5-mile intervals, the 
drawdown in the center well at the end of 10,000 
days is 6601 feet and the quantity of water ob­
tained is 5.2 mgd. The wells would preferably be 
·)riented parallel to the distant recharge bound­
ary, but the hydraulic gain from the parallel ori­
entation is not large. 

In the Cambridge area, the approximate limit 
of drawdown in the Magothy (upper surface of 
the sand) is at an altitude of about -900 feet. In 
1965 when all major pumping from the Magothy 
Formation at Cambridge was temporarily 
stopped, water levels in wells recovered to about 
15 feet below sea level. Therefore, a total draw­
down of 885 feet is theoretically available. Thus, 
the 444-foot drawdown predicted for the 5-well 
configuration has a safety factor of 441 feet (50 
percent) and the 660-foot draw down for the 9-
well configuration has a safety factor of 225 feet 
(25 percent) to allow for possible localized de­
creases in aquifer transmissibility, lower than an­
ticipated well efficiencies, and the general regional 
decline in the artesian head in the aquifer caused 
by withdrawals from it at other localities. Be­
cause the value for the coefficient of transmissi­
bility used in this computation was derived from 
a relatively short (12-hour) pumping test, and 
because drillers' records indicate that barrier 
boundaries may be within a few miles of the Cam­
bridge area, the use of the well configuration pro­
viding the larger safety factor is suggested. Thus, 
in this report the value of about 2.9 mgd is the 
estimate of the quantity available from the Mago­
thy Formation. However, hydrogeologic data 
gathered during future drilling and testing of 
wells in the formation may reveal that larger or 

1 As no wells are 100 percent efficient, for purposes of 
computation, an additional 100 feet of drawdown is added 
to the theoretical drawdown to allow for estimated losses 
through the well screen. 
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smaller quantities can be obtained from the Mago­
thy. 

B. Piney Point Formation 

Although continuous pumping in the Piney 
Point Formation for many years has caused a 
widespread lowering of water levels, an estimate 
of long-term yield shows that the formation is 
capable of yielding additional quantities of water. 

As shown in figure 15, the uppermost sands in 
the Piney Point occur at a depth of about 340 feet 
below sea level at Cambridge. The top of the for­
mation dips to the southeast at about 10 feet per 
mile and ranges from 300 feet below sea level 5 
miles northwest of the city to 365 feet below sea 
level at the airport 3 miles southeast of the city. 

1. Effects of Pumping 

The earliest withdrawal of water from the 
Piney Point Formation at Cambridge dates back 
to 1888. The initial wells flowed at an altitude of 
about 20 feet. Pumping from the Piney Point 
since 1888 has created a widespread cone of de­
pression. The cone extended about 25 miles to the 
northeast as far as the town of Denton and at 
least 20 miles to the southwest near the town of 
Fishing Creek on Chesapeake Bay (Rasmussen 
and Slaughter, 1957, pI. 9). The cone of depres­
sion during 1966 is shown in .figure 16, which is a 
map of the potentiometric surface in the Piney 
Point in the vicinity of Cambridge. The exact con­
figuration of the potentiometric contours, of 
course, changes slightly as patterns of well use 
shift from day to day. As may be seen in figure 
16, water levels have been lowered to more than 
90 feet below sea level at Cambridge. At two cen­
ters of pumping, on the northwest and southeast 
margins of the city, water levels were 120 feet 
below sea level. 

Figure 17 is a graph showing water-level fluc­
tuations from late 1965 through 1966 in two wells 
tapping the Piney Point Formation at Cambridge 
and the pumpage that caused the fluctuations. The 
graph indicates both weekly high and low water 
levels for the period. One well (-Ce 9) is in the 
center of the city well field, whereas the other well 
(-Ce 78) is about 1 mile from the nearest pump­
ing well. Total weekly pumpage by the city is 
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Figure 16-Map of the potentiometric surface in the Piney Point Formation in the vicinity of Cambridge, 1966. 

shown on the graph, which shows also the weekly 
totals of the other large users- Coastal Foods 
Corp. and Maryland Tuna Co. The graph shows 
that the water level in well Dor-Ce 9, an un­
pumped well, ranged from about 85 feet bsl 
(below sea level) in April 1966 to about 114 feet 
bsl at the height of the canning season in Septem-
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bel' 1966- a fluctuation of about 30 feet. Water 
levels in Dor-Ce 78, at least 1 mile from the center 
of pumpage, were consistently 7 feet higher than 
water levels in Dor-Ce 9. The levels ranged from 
about 78 feet bsl in April 1966 to about 97 feet bsl 
in September 1966. Pumpage shown in the figure 
indicates that water levels remained fairly steady 
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at about 85 feet bsl in -Ce 78 when pumping rates 
were held at an average of 2.8 mgd during May 
and June 1966. The graph shows also that by in­
creasing the pumping rate to 4.2 mgd during the 
first week of September 1966 the water level de­
clined to 97 feet in the same well. Continued 
pumping at that rate would have caused a slight 
additional decline in the water level. 

The response of water levels to changes in 
pumping from the Piney Point Formation is typi­
cal of that expected from an artesian aquifer with 
moderately high transmissibility. The response 
occurs immediately in a well within the center 
of pumping and shortly thereafter in a well a mile 
away. The relatively small difference of 7 feet 
between the water levels near the center of pump­
ing and at a distance of 1 mile indicates that the 
cone of depression has a gentle gradient. Thus, 
the cone of depression produced by pumping from 
the Piney Point at Cambridge can be described as 
being widespread, having a relatively gentle slope 
toward the center of pumping, and reacting 
quickly to changes in pumping rates. 

2. Long-term Yield 

The coefficients of transmissibility (30,000 gpd 
per foot) and storage (0.0004) of the Piney Point 
have been used to calculate theoretical drawdowns 
at various distances from a pumping well in the 
same manner as discussed in the previous section 
on the Magothy Formation 

Figure 18 shows the calculated drawdowns at 
distances of 1 to 100,000 feet from a Piney Point 
well discharging at 700 gpm continuously for 27 
years (or 10,000 days) and 100 years (or 36,500 
days). This graph shows that the drawdown after 
27 years is more than 90 percent of the draw­
down after 100 years. 

The range in altitude of the top of the well 
screens in 12 Piney Point wells at Cambridge is 
from -320 feet to -377 feet. The uppermost well 
screen at -320 feet is in the western part of the 
area and this altitude is selected as the limiting 
altitude below which water levels should not de­
cline if the well is to continue to be usable. 

As the altitude of the water level in the aquifer 
prior to the start of pumping was about 20 feet 
above sea level, the total available drawdown is 
assumed to be 340 feet. 

Two well arrays have been prepared using the 
distance-drawdown graph shown in ,figure 18. 
Figure 19 shows a plan view of the two well ar-
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rays, which have the following configuration: (A) 
eight wells in a single line and (B) eight wells in 
two parallel rows. The drawdown shown for each 
well is the sum of the draw down caused by its 
own pumping plus the interference caused by 
pumping from the seven other wells. The theoreti­
cal drawdown in each well caused by its own 
pumping is 73 feet after pumping continuously 
for 100 years (based on a well diameter of 12 
inches). However, a value of 100 feet has been 
used in preparing figure 19 to provide an addi­
tional drawdown of 27 feet to allow for local de­
creases in the transmissibility of the aquifer and 
for head losses caused by well construction, par­
ticularly head losses through the well screen. 

Part A of figure 19 shows that wells 4 and 5 of 
a line of eight wells, spaced 0.5 mile apart, would 
have drawdowns of 292 feet after pumping at 700 
gpm for 100 years. Thus, the drawdown in the 
two middle wells in this array would be 48 feet 
less than the available drawdown of 340 feet. A 
safety factor of about 14 percent is provided by 
this arrangement. The combined yield of the eight 
wells would be 5,600 gpm, or 8 mgd. 

Part B of figure 19 shows the theoretical draw­
downs if eight wells were to be placed along two 
parallel lines of four wells each, with the lines 
spaced 0.5 mile apart. In this array, the four mid­
dle wells, numbers 2, 3, 6, and 7 would have draw­
downs of 306 feet. The drawdown in these wells 
after 100 years of pumping at 700 gpm each 
would be 34 feet less than the available drawdown 
of 340 feet. A safety factor of 10 percent is pro­
vided in this arrangement. The combined yield of 
the eight wells would be the same as for the array 
shown in Part A of figure 19. 

The difference in drawdowns in the middle, or 
critical, wells of the two suggested well configura­
tions is not large, amounting to only 14 feet (the 
difference between 306 and 292 feet). The selec­
tion of well configurations will undoubtedly be 
governed chiefly by factors such as cost and avail­
ability of land for well sites and cost of pipelines 
and other transmission facilities, but should also 
provide for hydraulic interference between wells. 

A point to be clarified in the preceding analysis 
is that the 1966 pattern of pumping, as illustrated 
by figure 16, is hydraulically inefficient, and the 
approximate 1966 pumpage of 2.8 mgd would be 
transferred to the more efficiently spaced 8 hypo­
thetical wells. Thus, the present pumpage of 2.8 
mgd would be included in the 8.0 mgd sustained 
yield predicted to be available. 
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The preceding analysis is based on the assump­
tion that the Piney Point Formation is infinite in 
areal extent and also that there is no vertical leak­
age into it. The Piney Point does not crop out and 
thus cannot be directly r echarged. However, the 
outcrop belt of the underlying Nanjemoy Forma­
tion, which is in hydraulic continuity with the 
Piney Point, lies about 35 miles northwest of 
Cambridge. As precipitation along the outcrop 
belt is adequate to replenish the aquifer continu­
ously, the outcrop belt is considered to function as 
a recharging boundary. The hydraulic effect of a 
recharging boundary 35 miles distant would be to 
decrease the drawdown in wells at Cambridge by 
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about 7 feet. However, the Piney Point Formation 
is also believed to pinch out or become less perme­
able southeastward 20 to 30 miles from Cam­
bridge. The hydraulic effect of this would be to 
nullify effects of the recharging boundary. The 
infinite-aquifer assumption is, therefore, consid­
ered to be justified. 

The possibility also exists that the confining 
layers above and below the Piney Point Forma­
tion are sufficiently permeable to permit some 
vertical leakage of water into it. This leakage 
would increase as heads decline in the Piney 
Point. However, the amount of leakage, if it 
exists, is not known, and this factor could not be 
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included in the analysis. The effect of vertical 
leakage would be to increase the long-term yield 
of the aquifer. 

The preceding analysis indicates that the sus­
tained yield of the Piney Point Formation is 
about 8 mgd in the vicinity of Cambridge. The 
safety factor provided in the analysis allows for a 
general regional decline of water levels, which 
might result from some pumping from the aquifer 
in areas distant from Cambridge. 
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C, Summa1'Y 

In summary, the combined long-term yield of 
the Magothy and the Piney Point Formations is 
about 11 mgd. Thus, the present withdrawal of 
about 3 mgd at Cambridge is considerably less 
than maximum potential yield . It should be recog­
nized that the long-term yield of 11 mgd is only 
an approximation subject to those assumptions 
mentioned in the previous discussions. 
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Easton Area 

The city of Easton, the County seat of Talbot 
County, had a population of 7,400 in 1964. It is 
centrally located in the County and is on U.S. 50 
at the junction of Maryland Route 33 leading to 
the Tilghman Island-St. Michaels neck area. The 
Easton area, as discussed here, is arbitrarily con­
sidered to include about 6 square miles in a rec­
tangular shape about 4 miles long in a north-south 
direction and 1% miles wide in an east-west di­
rection. It is centered near the Pennsylvania Rail­
road crossing with Maryland Route 331. Tidal 
parts of the Tred Avon River, a tributary of Ches­
apeake Bay, reach almost into the city limits. In­
land extensions of the Miles River, another estuary 
of Chesapeake Bay, reach to within 2 miles of the 
city. A reach of the Choptank River is less than 
4 miles east of Easton. 

CU1-rent Use of Ground Water and Estimated 
Future Requirements: The city of Easton depends 
on ground water for its municipal supplies as do 
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Figure 22-Graphs showing pumpage from municipal 
supply wells of the City of Easton from 
1-954 through 1964. 

several small industries in the area. No fresh-wa­
ter streams in the area flow sufficiently for reser­
voirs. 

Approximately 7,500 people were provided an 
average of 0.93 mgd of water by the Easton Utili­
ties Commission in 1964. The water was used pri­
marily for domestic or commercial purposes with 
a minor amount used by small industries. 

The number of people served by the Easton mu­
nicipal water supply will be about 12,000 by 1975 
and possibly 20,000 by the year 2000, based on 
predicted population trends since 1950. The 
ground-water pumpage will probably be about 1.5 
mgd by 1975 and 3 mgd by the year 2000. 

In 1964, all the water pumped by the city of 
Easton was obtained from four wells, Tal-Ce 50, 
which taps the Aquia Formation; Tal-Ce 60 and 
-Ce 61, which tap sands of Cretaceous age; and 
Tal-Ce 2, which taps the Calvert Formation. The 
depth, screened interval, water levels, aquifer, 
yield, and pumping-test data for these and other 
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Table 7. Data for high-capacity wells in Talbot County. 

Vlel l number Owner ' 5 name ... . ... Test data o u 0 and . ... 
-g .... 0 

.... ~ 
. 

~ Il titude of water leve~ U. S . G. S . I e rmi t des i gna tion "'.- '" ..... 
~5l~ 

.c ..... 

§ 
. 

Tal - ~ .... ~ .. . 
1'l J:: P., ... ... 

~", ... ~ - St a tic Pumping I Yiel , '" .... 0 _ 

"'.'\ "' ( feet) ( feet) I (gpm) 

Af 10 41413 Fox Canning Co. 1961 10 845 - 600 to 4 -197 325 
- 635 

- 760 to 
- 830 

Bf 72 16235 S8~~uderberg-Kurd le 1954 42 52 11 to - 10 ~ 1 17 175 
§! 

Cc 32 T65W50 Commissioners of 1965 15 458 - 393 to 0 - 37 265 
St. Michaels - 443 

Ce 1 - Eas ton Utili ties 1901 15 1 , 0 15 - 85 to 15 -10 60 
Cornnission No . 1 - 95 

- 767 to - -
- 773 

- 985 to 
- l , CX){) 

Ce 2 - do . No.2 1910 20 110 - to - 90 - 13 - 193 

Ce 3 - do . No.3 1929 15 1 ,025 - 625 to _ - 7 §! _80f 616 
- 980 to 
-1, 010 

Ce 5 2261 do . We s t St. 1947 30 1,148 - 1, 096 to 22§! -37 §! 415 
- 1 ,117 

Ce 7 - do. Well G - 13 104 - 821 to - - -
- 89 

Ce 50 8836 do . No . 18 1952 20 623 - 550 to - 9 - 176 362 
-603 

Ce 60 37628 do. No . 6 1960 21 1 ,045 - 989 to - 22 - 104 463 
- 1,024 

Ce 61 46762 do . No . 7 1962 35 . 5 1 ,057 - 883 to - 59 - 217 494 
Clifton - 8g2 

-1,006 to 
-1,022 

Ce 67 T66"12 do. No.8 1965 56 1 ,092 - 794 to -13 -215 500 
Air port - 821 

- 1, 004 to 
- 1 ,036 

[lj 53 53609 Talbot Country 1963 10 640 - 580 to -22 -173 200 
Club, Inc . - 630 

Ee 8 895 Tra ppe Froze n 1946 55 940 - 352 to -13 -191 240 
Food Corp. - 372 

- 858 to 
- 870 

Y ;,,'e ll out of s ervice . 

S! Va lue for Creta ceous and Aquia aquifers c ombined (aee Rasmussen and Sl aughter, 1957 , p . 53) . 

21 \·/a ter level cannot be mea sured. 

Length 
of 

Date te~t 

(hours ) 

7/12/61 24 

9/22/54 4 

2/15/65 10 

1901 -
-

1/ 16/56 19 

8/19/50 24 

1/ 18/49 2 

- -

1/24/52 24. 

4/22/60 24 

7/10/62 . 2~ 

9/10/65 48 

9/20/63 8 

6/12/46 1)\ 

Y Period of recover y to s ta tic l e vel was exceptionally long , suggesting that aquifer is ot limited l a t e ra l extent. 

LI Value obtained dur ing pumping t est of March 24, 1956 (~e.~ Rasm-usserr and Slaughter, 1957 , p. 102): 

~ Heasured. 

Specific Opera ting data 
capaci ty 
(gpm/ft) Altitude of wa ter leve l 

(drawdown) 
S t a tic Pumping Yield 
( feet) ( feet) (gpm) 

1. 6 - - -

12 - - -

7 - - -

- - - -

- 31 t: 2. 4 - 280 
- 58 - 11 

- -25 §! - 200 

8 I _53 61 
11 -

i 
I 

I 
15 §! 7 , 

! / -i 

I 

- 30 t: - I y -
-42 ! / -

2 -21 §! - 200 

5. 6 -79 §! 21 555 

3 -94 §! - 238. §! 6o<J 

2.4 
-51 §! 

-215 §! 610 
- -

1. 3 -15 §! -147 §! 180 

1.9 I - - -
i 

Aquifer Remarks 

Trans -
Date Name missibili ty 

(gpd/ft) 

- Aquia -
t-la tawan 

- Pleis t ocene 100 ,000 21 

- Aquia -

- - Used as an observa ticD well in 
1966 . Affected by pumping of Ce ~ 

10/7/48 Calve rt and -
6/11/64 Cretaceous 

8/27/64 Calvert 3,500 

8/27/~4 Aq u1a 20 ,000 V 
t1n tawan 

8/22/64 Hagothy 12 ,000 Y 

10/7/48 Cal ver t - Used as an observation well i n 196E 
4/9/66 Affected by pumping of Ce 2 . 

9/21/65 Aquia 4,000 

9/28/65 Ma tawan 15,000 

9/22/65 f·!a t awan 10 ,000 

8/ 22/66 Creta ceOUB 6 ,500 
3/29/66 

12/13/66 Aquia 4 ,000 

- Piney Point -
and 

Creta ceOUB 



high-capacity wells in Talbot County are given in 
table 7. The locations of important wells in the 
Easton area are shown in figure 20. The aquifer 
and screened interval of the supply wells of the 
city of Easton are shown graphically in figure 21. 
As can be seen in the illustration, four of the 
wells are screened in more than one aquifer. 

The sands of Cretaceous age are the principal 
source of Easton's water, supplying 72 percent of 
the ground water pumped in 1964. The Aquia and 
Calvert Formations, respectively, supplied 19 per­
cent and 9 percent of the water pumped in 1964. 
Figure 22 shows the pumpage from Easton's mu­
nicipal supply wells and the aquifers supplying 
this water during 1954- 64. Figure 22 shows that 
pumpage from wells in the Cretaceous sands has 
increased in recent years. However, pumpage 
from the Aquia and Calvert Formations (Tertiary 
age) has remained relatively constant. Currently 
(1966) no city wells produce from the Piney Point 
Formation, in part because of the desire of the 
city to leave the formation available for users in 
the surrounding area and in part because the for­
mation appears to be relatively impermeable lo­
cally. 

Quantitative Appraisal of Aquifers: The 
Coastal Plain sediments are estimated to be 2 700 
feet thick at Easton, although only the u~per 
1,500 feet of strata have been explored. Figure 23 
is a geologic section of the upper 1,500 feet of 
Coastal Plain sediments showing the position of 
the various water-bearing sands, the chemical 
quality of ground water, and the hydraulic char­
acteristics, and estimated long-term yield of the 
principal aquifers underlying Easton. 

The long-term yields of the Calvert, Aquia, and 
Magothy Formations have been calculated from 
the estimates of available draw down and the coef­
ficients of transmissibility and storage shown on 
figure 23. The calculations were made by the use 
of the Theis 'nonequilibrium method in the same 
manner as discussed in the section on the Cam­
bridge area. The long-term yields presented here 
are only approximate, intended as guidelines for 
future planning. 
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A. Long-term Yield of the Sands of the Creta­
ceous System 

Although the sands of Late Cretaceous age are 
the primary source of ground water for Easton 
these aquifers seem capable of substantiall; 
greater development. Additional wells capable of 
yielding 400 gpm with drawdowns of 180 to 250 
feet can probably be developed. 

Coefficients of transmissibility, 8,000 gpd per 
foot, and of storage, 0.0001, have been used to 
calculate the theoretical draw down at various dis­
tances from a pumping well in the Magothy For­
mation after 27 years. The available draw down in 
the aquifer is about 950 feet, based on a current 
(1965) static water level in the aquifer of about 
50 feet below sea level. Because the hydraulic co­
efficients and the amount of available drawdown 
are about the same for this aquifer as they are for 
the Magothy Formation at Cambridge, the same 
analysis used in that section of this report is ap­
plied here to show that 3 mgd could be obtained 
from Cretaceous sands in the Easton area. 

B. Long-te1'm Yield of the Aquia F01"mation 

Sands of the Aquia Formation are presently 
tapped by only one well in the city of Easton. 
Using the same method as described for the sands 
of Cretaceous age and based on hydraulic coeffi­
cients determined for the Aquia Formation, the 
hydraulic interference in the aquifer caused by a 
line of 5 wells spaced 1 mile apart with each well 
pumping 300 gpm for 10,000 days (27 years) may 
be computed. The theoretical drawdown at each 
well, caused by its own pumping, would be about 
186 feet . The computations show that the line of 5 
wells pumping at 300 gpm will yield 2.1 mgd. The 
available drawdown is about 560 feet below sea 
level. The total predicted drawdown in the middle 
well of the 5-well field is 450 feet. An additional 
45 feet of drawdown was added to the theoretical 
drawdown to allow for estimated well losses. 

Prior to the drilling of any wells to the aquifer 
in the area, the hydraulic head was about 5 feet 
above sea level. Therefore, based on the initial 
head, a total drawdown of 565 feet is theoretically 
available. The 450-foot predicted drawdown in-
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cludes a safety factor of 110 feet (25 percent) to 
allow for possible localized decreases in aquifer 
transmissibility, lower-than-anticipated well 
efficiencies, and general regional decline in the 
artesian head in the aquifer caused by withdraw­
als from it at other localities. 

C. Long-term Yield of the Calvert Formation 

Sands in the Calvert Formation are capable of 
yielding only small quantit ies of water because 
they have a low coefficient of transmissibility and 
are so thin that little drawdown is available. One 
well in the Calvert Formation, Tal-Ce 2, is cur­
rently (1966) pumped at about 250 gpm for rela­
tively short periods. However, some of the water 
from this well probably reaches the Calvert For­
mation from deeper sands of Cretaceous age by 
movement through well Tal-Ce 1, which is 25 feet 
away and taps both aquifers. 

The coefficients of transmissibility (4,000 gpd 
per foot) and storage (0.0001) of the Calvert For­
mation have been used to calculate the theoretical 
drawdown at various distances from a pumping 
well. Based on drawdown calculations using these 
coefficients, the hydraulic interference was deter­
mined among five 12-inch diameter wells spaced 1 
mile apart and pumping 40 gpm each for 27 
years. The wide spacing of wells, assumed to 
pump at moderate rates, is necessary to take full 
advantage of the small available drawdown. The 
total available drawdown is only about 85 feet, 
based on an initial static water level of 5 feet 
above sea level. The draw down at each well in the 
five-well array caused by its own pumping would 
be about 31 feet . The total drawdown in the mid­
dle well would be about 82 feet (including an ad­
ditional15 feet to allow for well losses) . The five­
well array allows very little margin to provide for 
lower-than avenj.ge well efficiencies or local de­
creases in transmissibility. However, the shallow 
depth of the Calvert and the absence of a thick 
confining stratum above it suggests probable re­
charge to the aquifer. The effect of the recharge 
would, of course, be to decrease the drawdown. 

The long-term yield of the Calvert Formation, 
with five wells pumping at 40 gpm, as described 
above, would be 200 gpm or slightly less than 0.3 
mgd. 
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D. Summary 

In summary, the estimated long-term yields of 
the three principal aquifers in the Easton area 
are as follows: 

Aquifer Estimated long-
term yield (mgd) 

Calvert Formation 0.3 
Aquia F ormat ion 2.0 
Upper Cretaceous sands, chiefly the 3 .0 

Magothy Formation. 

Total 5.3 

The 1964 pumpage of 0.9 mgd was about 17 
percent of the estimated 5.3 mgd available on a 
long-term basis. The long-term yields are conserv­
ative estimates subject to the assumptions dis­
cussed previously and allow a considerable margin 
of safety for adjustment as additional data are 
acquired. 

Int e1"formational Movement of G1"ound Water: 
The static water level is different in the various 
aquifers underlying Easton and thus a potential 
exists for water movement between the aquifers. 
Normally, such movement is very slow because of 
intervening clay beds. However, where there is a 
direct hydraulic connection, such as an unused 
well screened or otherwise open to two or more 
aquifers, water movement is appreciable and may 
be measured. 

A survey to detect vertical movement of water 
between two aquifers was made in well Tal-Ce 3 
(in the Easton well field) by E. G. Otton and T. 
H. Slaughter in 1958. The survey was made under 
nonpumping conditions using a current meter and 
Whitney (thermistor-type) thermometer. The re­
sults of the survey are shown in figure 24. 

Part A shows construction features of the well, 
Part B shows the current-meter measurements 
(large dots indicate the location of individual 
measurements made at 4-foot intervals), and Part 
D shows the authors' interpretation of water 
movement. The current-meter survey (Part B) in­
dicated movement from a depth of 820 feet to 474 
feet and no movement above 474 feet. The graph 
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is only a relative indication of upward velocity 
because the current meter was not calibrated for 
conversion from revolutions per minute to gallons 
per minute. The decrease in apparent upward ve­
locity was in part caused by the increase in the 
casing diameter- from 6 to 8 to 10 inches. The 
temperature survey (Part C) showed a constant 
temperature from a depth of 500 feet to about 475 
feet and a gradual decrease from 475 to 104 feet. 
No measurements were made below 500 feet be­
cause of the depth limitation of the thermometer. 
However, because the velocity of the water mov­
ing from the bottom of the well up to 500 feet was 
relatively high, it is probable that the tempera­
ture of water in that zone was representative of 
temperatures at the bottom of the hole- ranging 
between 76 ° and 77 °F. 

The best interpretation of the flowmeter and 
temperature data is that warm water moves 
through the screen into the well from the sands of 
the Cretaceous system at the bottom, upward 
through the casing to a depth of 474 feet, and 
then out into the Aquia Formation at the overlap 
between the 10- and 12-inch casings. Such upward 
movement explains the constant temperature of 
water, 76.4 of between depths of 476 and 500 feet. 
Above 476 feet, where there is little water move­
ment, the temperature decreases gradually to that 
of the shallow ground water. Some of the water 
probably left the casing and entered the Aquia 
Formation at the 640-foot level, where the 8-inch 
pipe is overlapped by the 10-inch pipe. This is 
suggested because the sudden drop in velocity at 
640 feet cannot be completely explained by the 
increase in casing diameter. 

In summary, figure 24 shows that water moves 
between the two aquifers in this well. The direc­
tion of movement depends on the relative hydro­
static heads in the aquifers. At the time the tem­
perature and flow data were obtained, the hydro­
static head in the Aquia Formation was lower 
than that in the sand of the Cretaceous System 
because of pumping from well Tal-Ce 50 (in the 
Aquia Formation) about 100 feet east of Tal-Ce 3. 
At other times, when water is being pumped from 
the sands of Cretaceous age and well Tal-Ce 50 is 
idle, it is quite probable that the direction of flow 
in Tal-Ce 3 is reversed. Under these conditions, 
the water from the Aquia Formation would move 
down the well into the deeper sand. Currently 
(1966), water levels are much lower in the 1,000-
foot sand than they were in 1958, and it is likely 
that flow is downward most of the time. 
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Northeastern Dorchester County 

Northeastern Dorchester County, as described 
in this report, includes the area bounded by the 
Choptank River on the west, U.S. Highway 50 on 
the south, the Nanticoke River and the Delaware 
State line on the east, and Caroline County on the 
north. The total area is about 160 square miles 
and is mainly rural, but includes the villages of 
Hurlock, East New Market, Williamsburg, and 
Eldorado. Currently, the land is used principally 
for raising crops. Water is used to supply can­
neries operated on a seasonal basis, to supply 
homes, and to irrigate crops during periods of 
inadequate rainfall. 

The streams in the area are characterized by 
large rakes of fair-weather flow (base flow), indi­
cating substantial discharge of ground water 
from shallow aquifers. A brief discussion of the 
streamflow is given in a later section of this re­
port describing the surface water resources (area 
I) . 

Coastal Plain sediments in northeastern Dor­
chester County are estimated to be 3,300 to 4,000 
feet thick, as shown by Rasmussen and Slaughter 
(1957, plate 2). Because drilling in the area to 
date (1966) has reached only to 557 feet, a sub­
stantial thickness of potential water-bearing sedi­
ments remains to be explored. Figure 25 shows a 
geologic section of the upper 550 feet of Coastal 
Plain sediments, the hydraulic characteristics of 
aquifers, and the chemical quality of the ground 
water. The geologic section is a composite of the 
lithologic logs of test holes Dor-Cg 21 (land sur­
face to 80 feet bsl) and Dor-Ah 3 (80 to 557 feet 
bsl) . 

The aquifers underlying northeastern Dorches­
ter County include the Piney Point Formation, 
the Calvert Formation, and the deposits of Pleis­
tocene age. Little is known about the geologic or 
water-bearing characteristics of the thick section 
of sediments below the Piney Point Formation. 
However, it is likely that there are other aquifers 
in the strata of Cretaceous age, as there are else­
where in Dorchester and Talbot Counties. Esti­
mates were not made of the long term yield of the 
three aquifers shown in figure 25 because the 
hydraulic characteristics of the Piney Point and 
Calvert Formations are not well enough known in 
this area. 

The Piney Point Formation contains water­
bearing sands from 475 to 510 feet below sea 
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Figure 25- Geologic section of the upper 550 feet of sediments underlying northeastern Dorchester County show­
ing the hydraulic characteristics of aquifers and chemical quality of ground water. 

level. However, only one public-supply well, Dor­
Bf 1 at Secretary is yielding water from the for­
mation in this area. 

Water-bearing sands in the Calvert Formation, 
which lie 280 to 330 feet below sea level, furnish 
water to several wells in the area. However, the 
transmissibility of the sands is low, and the Cal­
vert is not used as a source of water except at 
those places where the overlying Pleistocene sands 
are not productive. 

The Pleistocene sands, collectively, constitute a 
highly productive aquifer in much of northeastern 
Dorchester County, where they occur as a blanket 
of varying thickness deposited on an uneven sur­
face on the Miocene sediments. The configuration 
of the base of the Pleistocene (or top of the Mio-
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cene) which is shown in figure 26, is based on test 
holes and drillers' logs. The altitudes shown on 
the map are approximate because parts of the 
map are based on very sketchy well logs. The 
main criterion for the contact between the Pleis­
tocene and underlying Miocene deposits, a color 
change from yellow-brown to gray, was not noted 
in many of the logs. However, the contours show 
the approximate configuration of the base of the 
sands of Pleistocene age, based on the reliability 
of the well-log interpretation. A striking feature of 
the map is the trough or depression in the top of 
the Miocene surface northwest of Vienna. The 
existence of the trough is based on seven test 
holes drilled as part of this study and several de­
tailed well logs furnished by the Delmarva Drill­
ing Co. The trough contains thick beds of sand 
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figure 26-Map showing the altitude of the base of the Pleistocene deposits in northeastern Dorchester County. 

and gravel and may be an ancient stream channel. 
Large quantities of water may be obtained from 
shallow wells in these beds. The depths, yields, 
and specific capacities of high-capacity wells tap­
ping the deposits of Pleistocene age in northeast­
ern Dorchester County are presented in table 8. 
The table shows that well yields as high as 1,500 
gpm and specific capacities as much as 87 gpm per 
foot of drawdown may be obtained. 

Aquifer tests were made at the sites of two of 
these high-yielding wells. One test consisted of 
pumping well Dor-Cg 9 at 700 gpm for 5 hours. 
At the end of pumping, the drawdown (from a 
static level of 5.3 feet below land surface) was 
only 8.15 feet. 
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The transmissibility, as calculated from water­
level recovery data, is 175,000 gpd per foot. The 
second test consisted of pumping well Dor-Ci 3 at 
475 gpm for 5 hours. Water levels were measured 
both in the pumping well and in an observation 
well 143 feet distant. As a result of pumping, the 
water level in well Dor-Ci 3 declined 13.25 feet 
from a static water level of 9.73 feet below land 
surface. The water level in the observation well 
declined 3.19 feet from a static level of 6.53 feet. 
Analysis of the drawdown and recovery data indi­
cates that the coefficient of transmissibility is 
about 100,000 gpd per foot and the storage coeffi­
cient is about 0.0001. The low storage coefficient 
indicates the water in the aquifer is under arte-



TClble 8. Data for high-capacity wells in the deposits of Pleistocene age in northeastern Dorchester County and 
vicinity. 

Depth Specific 
Well of Reported capacity 

number well yield (gpm / ft of 
(in feet ) (gpm ) drawdown) 

Dor-Bg 37 68 533 19 
-Bg 38 90 1,069 26 
-Bg 39 85 1,067 50 
-Bg 55 106 600 30 
-Bh 6 94 1,110 27 
-Cg 8 112 1,500 71 
-Cg 9 115 1,227 87 
-Cg 16 117 1,175 - - - -
-Cg 18 104 1,120 37 

sian conditions. However, under prolonged pump­
ing, water-table conditions would prevail. Cut­
tings obtained at the time well Dor-Ci 3 was 
drilled showed that a thin clay layer occurs at a 
depth of 3 to 11 feet. The clay layer serves as a 
confining bed until the water level declines below 
its base; water-table (or unconfined) conditions 
then prevail. 

Depth Specific 
Well of Reported capacity 

number well yield (gpm/ ft of 
(in feet ) (gpm) drawdown ) 

Dor-Cg 19 100 980 - - - -
-Cg 20 111 1,110 - - --
-Cg 23 104 1,045 80 
-Ch 17 60 919 - - --
-Ch 21 74 766 85 
-Ch 25 78 200- 300 24 
-Ci 3 73 1140 30 

Care-Fc 28 64 1,300 32 
Wi-Bc 52 136 931 15.5 

To summarize, three aquifers, the Piney Point 
Formation, the Calvert Formation, and the depos­
its of Pleistocene age are currently being used in 
northeastern Dorchester County. The Pleistocene 
deposits are an aquifer of great potential in much 
of northeastern Dorchester County. Wells proba­
bly capable of yielding as much as 1,500 gpm can 
be completed in these deposits throughout most of 
the area. 

QUALITY OF GROUND WATER 

The quality of the ground water in Dorchester 
and Talbot Counties is generally good, and the 
water can be used for most purposes without 
treatment. However, there are a few areas where 
the water would be satisfactory for domestic use 
only after extensive treatment. The chemical qual­
ity has been discussed in some detail by Rasmus­
sen and others (1957, p. 105). For a discussion 
of water-quality standards the reader is referred 
to that report or a report of the U.S. Public 
Health Service (1962). 

Chemical analyses of water from 83 wells in the 
two-county area are listed in table 9. The chemical 
character of the water in each of the principal 
aquifers is summarized in table 10. The locations 
of the wells that were sampled for chemical analy­
sis, and the aquifer tapped by each well are shown 
in figure 27. Generally, the chemical quality of 
ground water does not change with time at a 
given site, although the chloride content of the 
water has changed in a few wells at Cambridge. 

Chemical Quality of Water by Formations 
The chemical analyses in tables 9 and 10 show 
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that the water in the various aquifers differ 
somewhat in chemical character. Study of the 
analyses shows that, although individual samples 
from the same formation have certain character­
istics in common, there is generally a predictable 
areal variation in the character of the water 
within individual aquifers. 

Sands of Cr-etaceo'Us Age: The quality of water 
from the Raritan Formation, the deepest aquifer 
sampled for chemical quality in the two-county 
area, is known only at two sites. Water from a 
depth of 1360 feet below sea level from well Tal­
Cb 89 at Wades Point is a calcium-sulfate type 
containing more iron and manganese than any 
other sample of ground water from the two coun­
ties. It is relatively low in dissolved solids, was 
moderately hard, and had a relatively low pH. 
Water from 1242 to 1329 feet below sea level in 
the Raritan well drilled at Cambridge in 1971 
(Dor-Ce82) is soft with 184 mg/ l of dissolved 
solids, 0.20 mg/ l of iron and a pH of 7.8. 
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Figure 27- Map of Dorchester and Talbot Counties showing locations of wells sampled for chemical analysis, and 

the aquifier tapped by each. 
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(II 
o 

We n 
number 

Gare- IXl 2 

Dor - Ag 5 

Dor- Bb 12 

Dor-Be 5 

Dor- Ed 10 

Dor-Sf 20 

Dor- Sf 25 

Dor- Sf 27 

Dor - Bg 37 

Dor- Bg 48 

Dor- Bh 7 

Dor- Cc 37 

Dor-Cd 17 

Dor- Cd 28 

Dor-Cd 31 

Dor- Ce 1 

Dor- C. 2 

Dor-Ce 2 

Dor- Ce 2 

Dor-C. 3 

Dor-Ce 3 

Oor- Ce 4 

Water-
bearing 

formation 

Piney Point 

Pleistocene 

Cretaceous 

Aqui a 

do. 

Miocene 

Pl eis t ocene 

do. 

do . 

do. 

do . 

Aquia 

Cr etaceolUl 

Piney Point 

do. 

Cretaceous 

Piney Point 

do. 

do. 

Cretaceous 

do. 

Piney Point 

Table 9. 

Altitude I:8to 
of screen ot 

or well opening collection 
(feet) 

- 11/24/53 

- 5/20/65 

-855 to - 875 4/23/65 

-349 to -555 2/18/34 

-616 to -636 12/1/65 

- 9/16/65 

- 10/8/53 

- 10/9/53 

0 6 to - 26 9/16/65 

- 10/7/65 

- 10/7/65 

- 493 to - 513 10/28/65 

-919 to -929 2/3/55 

- 330 to -364 2/18/34 

-339 to -369 10/15/65 

- 938 to -948 4/17/46 

-347 to -397 4/2/65 

- 347 to -397 1/17/52 

- 347 to -397 10/8/48 

- 926 to -955 4/2/65 

- 926 to - 955 10/8/48 

-348 to -354 2/27/58 

Chemical analyses of water from wells in or near Dorchester and Talbot Counties. 
(in mg/I except as indicated) 

Tellperature Cor-
Man- Ca1- Hag- Potaa- Blcar- bon- nun- Hi- Phos-

Silica Iron dum neBium Sodl UJl . ium bonate ate Sultate Chloride ride t rate phate ganes" 
(·F) (·C) (5i 0

2
) (Fe) (Mo) (Ca) (Mg) (Ha) (~) (RC0

3
) C0

3
) (5°4) (cl) (F) (H0

3
) (P0

4
) 

64 18 23 0 .04 0 . 00 4.4 3.6 190 8 512 18 7.4 3.5 1.6 0.7 0.09 

- - 19 - - 6.2 4. 7 4.7 3.0 3 0 16 9.3 . 1 20 -

70 21 10 4.4 .06 9 . 6 5 . 8 7 .1 9.6 76 0 10 1.5 . 3 . 0 -

56 13 - . 00 - - - 100 224 16 8.4 3 .0 - .4 -

66 19 12 .13 .00 2.4 2.4 188 9.0 492 ° 9. 4 6. 0 3.2 .2 -

63 17 58 .05 .00 32 5.6 26 6 . 1 192 0 5.0 2.3 . 4 .1 -
- - - .02 - - - 3. 9 7 ° 1.0 2.0 - 3.6 -

I 
- - - .09 - - - 17 7 0 11 15 - 95 -

50 10 18 . 00 .04 17 5.7 11 3 . 4 9 0 28 15 .0 44 -
38 14 8.4 . 05 . 02 5 . 8 5 . 7 9 .0 84 75 0 30 22 .1 53 -

59 15 16 2.4 .01 4.8 1. 5 8 .0 2.0 5 0 .8 8 . 5 .0 28 -
62 17 12 .06 .00 5 . 5 .4 78 8 . 2 223 0 8 . 1 1.7 . 7 . 0 -

- - 13 .09 . 02 . 9 .1 · 58 3 . 4 145 0 9.2 2. 0 . 4 .5 . 3 

53 12 - .00 - - - 167 412 20 4. 6 17 - .2 -

63 17 58 .03 .00 14 6.8 134 13 460 0 5 . 8 24 1.3 .0 -

72 22 - - - - - - - 234 0 3 4 - . 1 -

64 18 21 .04 .03 4.0 3 .4 177 7. 8 489 0 11 5. 1 1.1 .0 -

- - 21 . 09 .00 4 . 6 3 .3 160 7.4 432 - 16 10 1.1 . 7 .4 

64 18 20 .11 - 5.1 3 . 5 172 6.4 455 8 19 7.5 1.2 '.4 -

- - 11 . 02 .01 .0 1.0 93 4 . 4 245 0 9.6 2.2 1.1 . 0 -

72 22 18 .22 - 3.2 2 . 4 139 5.3 338 9 14 6. 8 1.0 .2 -

- - 21 .03 .01 6 .0 2 . 3 181 434 19 15 7.5 1.3 . 8, . 0 

Dissol ved 
Hardness Specific 

solida •• Caco, conduct-
(residue calcium , NOD-

ance 
on .yap- (micro- pH Color 

oration ""'s- carbon-
mhos at 

nesiua ate at l So· C) 25· C) 

517 26 ° 8Q9 8.5 25 

96 35 33 123 5 .1 -
89 48 0 151 7 .0 -

- 6 0 411 8. 5 -

473 16 0 734 8.0 3 

220 103 0 296 7 .8 -

- 4 0 36 5.8 -

- 77 71 236 5.9 -

152 66 59 210 6 .2 -
257 58 0 396 6.9 -

So 18 14 92 6.0 -

230 15 0 349 7.9 -
168 3 0 245 7.9 10 

- 36 0 720 8 . 5 -
472 63 0 712 7.9 -
- 9 - 388 8.0 -

4So 24 0 750 8. 2 -
441 25 0 685 8 . 4 5 

473 27 0 766 8 .0 -

248 4 0 397 7.9 ~ 

385 18 0 615 8.2 5 

471 24 0 734 8.7 9 



Well 
number 

Dor- Co 6 

Dor-Ce 6 

Dor- Ce 15 

Dor- Co 75 

Dor-Co 78 

Dor- ct 8 

Dor-ct 13 

Dor-C! 18 

Dor- Cg 9 

UI 
Dor-C! 3 

Dor- C! 4 

Dor- Db 4 

Dor- Dd 8 

Dor- Dr 11 

Dor- Dg 4 

Dor- tb 7 

Dor-Ec 3 

Dor-Fe 8 

Dor-Fe 14 

QA-Ea 10 

QA-Ec 83 

QA-Ed 36 
L...-. 

Table 9. Chemical analyses of water from wells in or near Dorchester and Talbot Counties.-Continued 
(in mg/I except as indicated) 

Dissolved 
Bolide 

Water- Al titude !lat. Temper a ture 
CAr - (residue 

bearing of screen ot Man- Col- Mag- Pota.- Biear- bon- fluo- "1- Pbos -
fOr1D8t1on or we ll .opening collection 

onevap-
Silica Iron ganese c1um nes ium SodiWII "iUll bonate ate Sullet Ghloride ride trate phate oration 

(teet) ('F) ('C) (510
2

) (F.) (lin) (Ca) (Hg) (N.) (K) (HC0
3

) C0
3 

(50
4

) (Cl) (F) (N0
3

) (P0
4

) at lBo°C) 

Piney Point - 350 to - 447 4/17/46 - - - - - - - - - 452 18 5 . 0 B.o - 0.2 - -

do. - 350 to - 447 If/17/'.6 - - - - - - - - - 494 - 10 7.0 - . 3 - -

CretaceoulS -944 to -964 2/27/58 - - - - - - - - - 219 5 - 4.0 - - - 260 

PiDey Point -388 to - 409 5/21/65 - - 20 0.07 0.00 4.1 6.6 130 9.5 370 0 10 5.8 . 9 .0 - 376 

do. -344 to - 483 11/3/65 63 17 22 .06 . 00 5. 4 4 . 6 168 8.0 408 16 18 10 1.0 . 5 - 456 

Miocene - 162 to - 182 2/19/54 55 13 - .05 - - - 111 300 14 13 7 .0 - . 8 - -

Pleis tocene - 5 to - 15 10/14/65 60 16 28 21 . 01 3.5 1.6 14 1.5 21 0 7.0 17 . 0 .1 - 96 

Mioc ene -122 to - 229 10/14/65 59 15 42 . 01 .00 17 7 . 7 50 6 . 4 224 0 4.1 1. 9 .3 .1 - 234 

Pleistocene +30to - Bl 11/4/65 59 15 11 .02 .00 4.4 1.4 3 .1 2 .0 6 0 .0 5 . 7 .0 15 - 54 

do . + 17 to - 56 12/9/65 57 14 15 .13 . 00 6. 0 3 . 7 5 . 5 2 . 4 6 0 5.6 9 . 5 .0 28 - 90 

do . - 4/29/65 55 13 10 .17 .01 2 . 0 5. 6 3.6 3 . 2 3 0 .0 8 . 2 .1 30 - 73 

Aquia -535 to - 541 10/15/65 65 18 12 .02 . 00 4.1 .7 42 8.3 124 0 6. 8 2 . 4 . 4 . 2 - 136 

Piney Point - 406 to - 437 4/20/65 65 18 17 .08 .01 5 . 1 3.3 186 8 . 8 471 0 19 24 1.6 .1 - 502 

do . -479 to - 531 4/29/65 59 15 24 .00 .00 6 . 3 4.3 322 12 720 0 74 65 2. 3 . 1 - 885 

Miocene - 254 to - 287 4/22/65 63 17 62 .04 . 01 11 7 . 2 312 13 672 0 60 102 . 8 .1 - 914 

do. - 12/9/52 - - 55 3.0 .00 9 . 0 6.2 438 14 804 8 163 170 1.0 . 5 0.00 1270 

Piney Point - 356 to - 395 2/17/54 - - - - - - - 186 390 22 8.2 59 - . 5 - -

do. -337 to - 400 4/28/65 64 18 30 .10 .00 8 . 6 5. 7 178 10 452 0 11 49 1.4 . 0 - 527 

do. - 2/26/54 58 14 25 .06 .00 7 . 8 5. 2 300 16 528 14 22 195 1.4 .9 .0 864 

Aquia - 80 to -100 12/20/54 54 12 27 . 57 .01 43 7.5 4.1 4.6 168 0 . 1 3 .1 . 2 1.5 .0 187 

do. -171 to -195 9/29/54 59 15 15 .06 .01 31 12 41 12 290 0 1.4 4 . 0 .3 1.3 .1 260 

do . -171 to -305 12/20/54 54 12 16 .39 .00 34 11 11 12 199 0 5. 0 1.3 . 5 . 2 .0 194 

--'---

Hardness 
88 Caco

3 
Specific 
conduct-

Cal cium , Non-
anee 

(!IIicro-
""'g- carbon- pH Color 

mhos at 
nesium at. 25'C) 

33 0 771 8.1 -
30 0 770 8 .1 -

- - 384 8 . 5 -

37 0 577 8 . 1 2 

32 0 719 8.6 3 

52 0 530 8 .4 -

15 0 107 6.0 -
74 0 338 7.8 -
17 12 68 6.1 3 

30 25 115 5. 8 4 

28 26 98 5.4 -
13 0 207 7 . 7 -

26 0 803 8 .1 -

33 0 1370 8.0 -
57 0 1390 8 . 2 -

48 0 2030 8.5 38 

44 0 837 8. 5 -

45 0 834 7 . 8 -

41 0 1450 8.5 8 

139 0 297 7.5 -

128 0 435 7.8 -
131 0 322 7 . 8 -



III .., 

Wen 
number 

QA- Ee 12 

QA- Fa 39 

Tal- Ad 5 

Tal- A! 5 

Tal- Bb 4 

Tal - Be 4 

Tal-Bd 21 

Tal-Be 3 

Tal- Be 6 

Tal-Be 79 

Tal- Sf 14 

Tal-Bf 38 

Tal-Sf 78 

Tal-Cb 89 

Tal-Cb 89 

Tal-Cb 92 

Tal- Cc 29 

Tal- Cc 33 

Tal-Cd 2 

Tal- Cd 48 

Wnter-
bearing 

format ion 

Piney Point 

Aquia 

do . 

Mioce ne 

Aquia 

do . 

Piney Point 

Pl eistocene 

Aquin 

Piney Poi nt 

Pleis t ocene 

Miocene 

Pleis tocene 

Cretaceous 

do. 

Piney Point 

Aquia 

do. 

Piney Point 

Aquia 

Table 9. Chemical analyses of water from wells in or near Dorchester and Talbot Counties.-Continued 
(in mg/l except as indicated) 

Dissolved 
Bolide 

Altitude Date Temperature Car- ( residue 
of s creen of Man- Cal - Meg- Potae- Siear- ben- Fluo- Ni- Phos- on evap-

or well o pening collection Silica Iron ganese cium nes ium Sodium s i um bonate ate Sulfate Chloride ride tra te phat e oration 
( fee t) (O F ) (OC) (SiC2 ) (Fe) (1m) (Ca) (Mg ) (Na ) (K) (HC0

3
) (C0

3 
(SO,, ) (Cl ) (F) (N0

3
) (PO,, ) a t 180°C) 

-160 to - 165 6/20/66 58 14 48 0 . 29 0. 00 42 14 13 16 252 0 3 . 4 1.6 0 . 3 0 .1 0 .08 266 

- 206 t o - 211 12/21/54 - - 18 . 46 . 02 23 4. 7 85 6 . 2 289 0 7 .0 18 1.1 .2 .1 312 

- 375 t o - 390 9/22/65 63 17 11 .10 . 00 13 3 . 8 56 9.8 213 0 2 . 5 1.1 1.9 .1 - 212 

- 12/21/54 53 12 51 . 17 .00 22 11 30 9 . 8 207 0 2 . 0 2 . 1 . 4 1.0 .0 256 

- 297 to - 351 9/24/65 60 16 19 . 42 . 00 41 17 "8 13 264 0 3 . 8 53 . 2 .0 - 317 

- 410 t o - 418 2/4/55 60 16 15 . 26 . 01 10 6 . 8 115 16 351 0 " . 5 22 . 5 1.4 . 1 355 

-178 t o -193 2/4/55 57 14 48 . 65 .02 26 12 67 10 325 0 6 . 2 3 . 2 . 6 .6 .1 327 

- 1/14/55 56 13 25 4 .1 .02 . 9 .8 6 .0 1 . 0 0 0 11 9. 1 . 7 . 2 .0 61 

- 4"5 to - 455 2/"/55 62 17 16 ."5 . 01 12 5. 8 13' 16 1,Q6 13 4 .9 6 .0 1. 4. 2 .1 .0 411 

- 239 to - 250 9/17/65 63 17 53 . 15 .00 19 16 32 9.2 232 0 4 . 3 2.2 .3 ." - 258 

- 2/4/55 53 12 18 .12 . 03 3 .0 2.2 6 . " . 5 8 0 . 4 7. 6 .2 16 . 0 63 

- 60 to - 92 2/26/54 53 12 - 2.4 - - - 7. 6 208 0 1.6 3 . 0 - . 2 - -
+15to - lO 9/16/65 56 14 22 . 05 . 00 1" 2 . 4 3.8 1.9 29 0 2 . 5 6 . 4 . 2 25 - 107 

- 930 t o - 960 8/3/53 69 21 7. 7 7 . 7 . 15 15 5 . 8 3 . ' 4 . 2 56 0 26 2 .0 . 2 . 2 .0 94 

-1340 t o - 1380 8/3/53 69 21 8 . 2 10 .28 15 8. 0 " . 5 5.1 36 0 57 2 .0 .1 . 2 .0 124 

- 155 to -160 10/26/65 58 1" 29 2.1 .00 32 33 7 . 2 22 306 0 . 0 3 . 6 . 3 .0 - 269 

- 370 t o - 394 2/ 10/5" 63 17 12 .15 .00 13 6 . 7 86 14 22" 4 9 . 6 54 . 3 . 8 . 2 338 

- 497 t o - 507 10/26/65 6" 18 14 . 01 .00 5 . 7 3 . 9 126 11 308 0 11 32 . 7 . 3 - 347 

- 10/1"165 58 14 46 . 56 .02 I,Q 11 6. 5 3 . 4 171 0 15 6 . 9 . 3 . 0 - 216 

- 4"6 to -466 10/ 28/65 61 16 13 . 05 . 00 7. 7 7.1 151 12 378 7 12 35 1.4 .0 - 429 

- -

Hardness 
Specifi c . 

8 e Caco
3 conduc t -

Calcium, Non- a oee 

carbon- (m i c ro- pH Color 
rnag-

mhos a t 
oesium a t . 25°C) 

163 0 389 7 . 7 3 

77 0 507 7. 8 -

48 0 332 7.7 -

100 0 363 8 .1 3 

172 0 559 7 . 8 -

51 0 595 8 .1 2 

116 0 494 8 .0 10 

7 7 90 4. 1 6 

5" 0 657 8.5 10 

115 0 353 7 .8 -
17 10 80 5. 6 5 

160 0 325 8 .1 -

"5 21 126 6. 5 -
61 15 1"5 6 . 7 5 

70 "1 177 6 .3 5 

216 0 464 8.0 -
60 0 536 8. 4 6 

30 0 569 8 .0 -
1"7 7 310 7. 9 -

48 0 702 8 . 4 -

I 
-



"" Co) 

Well 
numbe r 

Tal -Cd 52 

Tal-Ce 2 

Tal-C. 3 

Tal- Ce 3 

Tal-Ce 5 

Tal- Ce 50 

Tal- Ce 60 

Tal- C. 64 

Tal-Ce 66 

Tal -Ce 67 

Tal- lB. 36 

Tal-Db 38 

Tal- Db 61 

Tal-Dc 2 

Tel- Dc 2 

Tal-Dc 52 

Tal-Dc 53 

Tal-Dd 53 

Tal-De 12 

Tal- Dc 13 

Water_ 
bearing 

formation 

Piney Point 

Miocene 

Cr etaceous 

do . 

do . 

Aquia 

Cretaceous 

Mioce ne 

do . 

Cretaceous 

Piney Point 

Aqui a 

do . 

do . 

do . 

do . 

Pi ney Point 

Aquin 

Piney Point 

do . 

Table 9. Chemical analyses of water from wells in or near Dorchester and Talbot Counties.-Continued 
(in mg/I except as indicated) 

Dissolved 
s olids 

Altitude lB. t . Temper a ture Car- (residue 
of Bcreen of Man- Cal - Meg- PotaB- Bicar- bon- F1.uo- Ni- PhOB- on Itvap-

or well opening collection Silica Iron gnnese cium nesium Sodium aium bonate .t. Sulfate Chloride ride trate phate or ation 
(teet) (oF) (OC) (Si02 ) (Fe) Oin) (C.) ( Mg) (Na) (K) (HC0

3
) (C04 (504 ) (cl) (F) ("0

3
) (P0

4
) at 180°C) 

- 243 to - 336 11/22/65 60 16 16 0.11 0.00 5. 8 4. 1 114 11 334 0 1.6 15 0 . 9 1.3 - 339 

10/7/48 59 15 56 . 03 - 36 15 27 5 . 9 242 0 6. 9 2 . 8 . 5 . 3 - 260 

-980 to -1010 3/18/49 74 24 14 .06 - 4 . 8 1.2 81 1 . 8 210 0 15 2 . 5 . 9 1.8 - 241 
open at - 625 

- 980 to - 1010 10/6/48 76 24 13 .13 - 4.1 2 . 2 72 6 . 9 211 0 12 2 . 2 .6 . 9 - 221 
open at - 625 

- 1096 to -1117 3/11/49 78 26 9 . 5 . 38 - 2.4 2.0 30 2 . 2 80 0 15 2 . 5 . 2 1.6 - 111 

-550 to - 603 4/1/65 69 21 14 .00 .01 4.0 2 .4 196 8 . 6 550 0 12 2 . 1 3 . 7 .0 - 529 

- 990 to -1025 4/ 1/65 75 24 12 . 14 . 01 6 . 0 1.2 81 9 . 4 234 0 12 1.6 . 8 .0 - 243 

+ 19 to - 13 9/17/65 59 15 30 . 32 .04 72 4 .0 4 . 5 1.1 225 0 8 .5 9 . 5 .2 .0 - 245 

- 82to - 92 9/14/65 61 16 55 . 10 . 01 56 7.2 11 6. 3 202 11 9.7 2 . 0 . 3 .1 - 262 

- 794 to - 821 9/16/65 76 24 12 . 25 . 01 4 .0 2 . 4 81 7 . 0 232 0 13 1.6 . 2 .0 - 245 
- 1004 t o -1036 

- 95 to - 200 2/10/54 57 14 - . 82 - - - - - 260 12 .4 2 . 0 - 3.0 - -
- /+07 to - 437 4/9/65 62 17 14 . 13 . 00 24 12 10 1" 176 0 3.5 1. 5 .2 . 2 - 175 

- 10/ 26/65 62 17 12 .16 . 00 22 10 16 14 171 0 7. 4 1. 7 .3 . 7 - 165 

- 533 to - 553 3/3/65 68 20 14 . 00 . 00 6 . 6 . 9 136 8 . 1+ 368 0 12 13 1.6 .0 - 386 

- 533 to - 553 2/5/54 68 20 - .17 - - - 147 322 22 8 . 6 6 . 0 - .8 - -

- 477 to - 489 10/26/65 61 16 13 .03 . 00 10 5 . 6 70 12 181 0 9 . 8 36 . 4 .0 - 241 

- 295 to - 305 10/26/65 61 16 15 .40 . 01 12 7. 8 99 15 311 0 3. 1, 21 1.0 . 3 - 333 

- 580 to - 630 9/24/65 69 21 14 . 04 .00 3 . 2 1.5 245 9 . 2 572 27 11 1.6 4. 2 .3 - 6/+5 

- 336 to - 354 9/15/65 65 18 60 . 52 . 01 45 7.7 3 . 7 2 . 8 171 0 8 . 5 2 . 6 . 2 . 1 - 225 

- 325 to - 330 9/17/65 63 17 52 1.5 .00 45 19 9.2 8 . 6 265 0 5. 4 . 8 . 3 . 0 - 277 
- 348 to - 363 

Har dness 
Specific 

as CaCo." conduct_ 

Calcium I Non- anc e 
(micro- pH Color mag- carbon-
mhos at 

nesium a t e 25°C) 

32 0 540 8 . 0 3 

152 0 394 7 . 5 2 

17 0 377 8 . 2 5 

19 0 362 7 . 8 3 

14 0 168 7 . 5 15 

20 0 838 8 . 1 -

20 0 379 7 . 6 -
196 12 373 7 . 9 -
169 4 347 8 . 5 -

20 0 363 7.5 -
106 0 430 8 . 4 -
111 0 281 7.8 -

98 0 281 7 .7 -
20 0 607 8 . 0 -
8 0 589 8 . 5 -

48 0 406 7 . 6 -
62 0 533 7.9 -
1', 0 915 8.'+ -

144 4 277 7 . 8 -

192 0 395 7 . 8 -

- -



U'I 
~ 

Water-
'to'e ll bearing 

number formatio n 

Tal- De 15 Miocene 

Tal - De 17 Piney Point 

Tal- Of 4 Miocene 

TaI - Ee 1 Piney Point 

Tal - Ee 30 do . 

Tal- Ee 31 do . 

Tal-Ee 34 Miocene 

Aquifer 

Deposits of 
Pleistocene age 

Calvert Formation 
Piney Point 

Formation 
Aquia Formation 
Magothy 

Formation 
Raritan 

Formation I 

Desirable concen-
tration for 
domestic use (in 
mg/ l) 

lane well only. 
2 Median value 

Table 9. Chemical analyses of water from wells in or near Dorchester and Talbot Counties.-Continued 
(in mg/I except as indicated) 

Dissolved 
solids 

Altitude Dat e Temperatur e Car - (residue 

of scr een of ""n- Cal- Mag- Potas- Bicar- bon- F1.uo- Ni- Phos- on eVllp-

or well opening colle c tion Silica Iron cium nesium Sod ium sium bonate at Sulfat Chlor i de ride trate poo te oration ganese 
(fee t ) ( OF ) ( OC) (Si0

2
) (Fe) (Mn ) (Ca) (Mg) (Na) (K) (HC0

3
) C0

3 
(S04) (Cl ) (F) (N0

3
) (P0

4
) a t IBo°c) 

- 94 to - 106 9/17/65 61 16 57 0 . 05 0 .00 32 16 3 . 6 2 . 8 180 0 5 . 0 2 . 5 0 . 2 0 . 0 - 217 

- 316 t o - 331 9/17/65 64 18 53 . 05 .00 20 9 . 7 25 8 . 9 182 0 8. 1 . 7 . 4 .0 - 219 

- 150 t o - 165 9/23/65 62 17 61 .04 . 00 21 10 64 5 . 7 278 0 6 . 2 2 . 1 . 7 . 1 - 307 

- 2/9/54 65 18 - . 48 - - - 58 204 6 12 . 2 - 1.2 - -

- 333 t o - 363 9/22/65 64 18 40 . 13 . 00 16 1.0 75 8 . 2 21.6 0 12 1.1 . 7 . 1 - 281 

- 359 to - 379 9/23/65 64 18 28 .09 . 00 7 . 3 4.4 171• 9 . 2 473 4 7 . 2 4. 6 1.1 .2 - 467 

- 9/23/65 61 16 63 .01 .01 33 17 74 12 370 0 4 . 2 9 . 1 . 2 . 5 - 385 

Table lO- Summary of important chemical and physical characteristics of ground water from the principal aqui­
fers of Dorchester and T.albot Counties. 
(in mg/ I except pH and temperature) 

Ha r dnesB 
as CaC0

3 
Specific 
conduct-

Calcium Non-
ance 

carbon-
(m i cro-

rnag- mhos at 
nesium ate 25°C) 

146 0 281 

90 0 286 

94 0 418 

64 0 354 

48 0 392 

36 0 717 

152 0 571 

Hardness Iron Chloride Fluoride Dissolved solids Bicarbonate Temperature 
as CaC0 3 (Fe) (CI) (F) (Residue at (HC0 3) pH 

180 0 C) Min Avg Max 

Min Avg Max Min Avg Max Min Avg Max Min Avg Max Min Avg Max Min Avg Max Min Avg lMax OF °C OF °C OF °C 

4 31 77 0 .00 0.062 21 2 .0 10 22 0.0 0.1 0.7 54 103 257 0.0 6 75 4.1 5.8 6.9 50 10 55 13 59 15 

48 112 196 .01 .32 3 .0 1.9 2 .72 170 .2 .4 1. 0 217 261 1270 180 325 804 7.5 8. 0 8.5 53 12 60 16 63 17 
24 75 216 .00 .36 2.1 1 5 .02 195 .2 .9 2 .3 216 411 885 171 356 720 7 .8 8.1 8.6 53 12 62 17 65 18 

6 59 172 .00 .14 .57 1. 1 14 54 .2 1.2 4.2 136 317 645 124 297 572 7.5 8. 0 8 .5 56 13 63 17 69 21 
4 21 61 .02 .32 7 .7 1. 5 2.8 6.8 .2 .6 1. 1 89 211 385 56 190 358 6.7 7 .7 8.5 69 21 74 23 78 26 

- 70 - - 10 - - 2 - - .1 - - 124 - - 36 - - 6 .3 - - - 69 21 - -

60 <0 .3 <250 0 .6 to 1.7 <500 - - - - - - - -

---

pH Color 

7 . 5 -
7. 9 -
7 . 9 -

8 . 4 -
7 . 8 -
8 . 3 -

8 . 0 -



Chemical analyses were made on nine samples 
from the Magothy Formation. Two of these analy­
ses, from wells Tal-Cb 89 and Dor-Bb 12, indicate 
that in the western part of the two-county area, 
water from the Magothy is generally soft, of the 
calcium bicarbonate type, low in dissolved solids, 
has a pH of 6.7 to 7.0, and is high in iron. In the 
central part of the counties, the water can be clas­
sified as sodium bicarbonate type, soft, low in 
iron, and relatively high in dissolved solids. The 
high proportion of sodium in the total concentra­
tion of cations should be considered before use of 
this water for irrigation. The chemical character 
of water from public-supply wells at Cambridge 
and Easton is shown in figures 13 and 23 respec­
tively. 

Aquia Formation: Water from the Aquia For­
mation (table 10) is suitable for domestic use 
without treatment. Some water from the Aquia 
has a high ratio of sodium to other cations, which 
may limit its long-term use for irrigation. 

There is a marked areal variation in the chemi­
cal quality of water from the Aquia. A gradation 
exists from hard water in the northwestern part 
of the area to soft water in the central and south­
ern parts. In addition, there is a gradual increase 
in the dissolved-solids content from northwest to 
southeast, along the dip of the formation . Primar­
ily on the basis of hardness, the Aquia Formation 
has been divided into four areas, each of similar 
chemical quality. Figure 28 shows the areas and 
the wells on which the areal classification is based. 
The chemical character of water in the areas may 
be summarized as follows: 

Area I: water is hard, bicarbonate type, high in 
iron, and contains about 240 mg/ l dissolved sol­
ids. 

Area II: water is moderately hard, bicarbonate 
type, low in iron, and has about the same dissolved 
solids content as area 1. 

Area III: water is soft, bicarbonate type, low in 
iron, and contains about 300 mg/ l dissolved solids. 

Area IV: water is soft, bicarbonate type, low in 
iron, and relatively high in dissolved solids (about 
550 mg/ I). The fluoride concentrations in all sam­
ples from area IV exceeded 3.2 mg/ l and aver­
aged 3.7 mg/ l; these concentrations are 2 to 4 
times the recommended levels for drinking water 
(U.S. Public Health Service, 1962) . The dis­
solved-solids content also averaged slightly above 
the recommended limit. 

Chloride and manganese concentrations in 
water from all areas are substantially below the 
maximum recommended for drinking water. 
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Piney Point Formation: Water from the Piney 
Point Formation in most of the area can be used 
for domestic and industrial purposes without 
treatment. In southeastern Dorchester County, 
however, the dissolved-solids content is higher 
than the drinking water standards suggested by 
the U.S . Public Health Service (1962), but the 
water is usable if a better supply is not available. 

Water in the Piney Point shows an areal varia­
tion in chemical quality similar to that in the 
Aquia Formation. On the basis of hardness and 
dissolved-solids content, the Piney Point has been 
subdivided into three areas of similar water qual­
ity (figure 29) . There is a definite gradation in 
chemical quality from area I to III, as may be 
seen in the table in figure 29 . However, all water 
from the Piney Point is the mildly alkaline bicar­
bonate type. 

Water from area I is very hard to moderately 
hard, contains excessive iron, and is high in bicar­
bonate. Six samples are calcium magnesium and 
two are sodium types. Dissolved solids in these 
samples averaged 250 mg/ l, and silica averaged 
50 mg/ I. 

Area II is characterized by moderately hard to 
soft, bicarbonate type water that is low in iron 
and contains an average of 400 mg/ l dissolved 
solids. 

Water in area III is a soft, sodium bicarbonate 
ty;pe, low ,in iron, and 'contaJins an average of 660 
mg/ l dissolved solids. This water has an average 
of 66 mg/ l chloride, which is about 10 times as 
much as in the other areas but well below the 
recommended 250 mg/ l limit. 

South of the Choptank River, water from the 
Piney Point Formation commonly has an odor of 
hydrogen sulfide. The city of Cambridge aerates 
its water to remove this gas. 

Minor chemical constituents in water from the 
Piney Point Formation are shown in table 11. The 
concentrations of zinc, lithium, and boron seem to 
vary directly with the dissolved-solids content. 

Calvert Formation : Water from the Calvert 
Formation is of the bicarbonate type and is char­
acterized by its rather high silica content, which 
ranges from 30 to 63 mg/ l and averages over 50 
mg/ I. Water in the formation in areas northwest 
of Salem differs considerably from the water in 
areas to the southeast. In the northwest, it meets 
the drinking water standards suggested by the 
U.S . Public Health Service. Hardness there 
ranges from 48 to 196 mg/ l ; dissolved solids 
range from 217 to 385 mg/ l; iron averages 0.08 
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Table 11. Minor chemical constituents in water from 
the Piney Point Formation. 

Num-
ber Concentration in mg/ I 

Constituent of 
sam- Mini- Aver- Maxi-
pies mum age mum 

Manganese (Mn) 20 0.00 0.00 0 .03 
Aluminum (AI) 3 .0 .1 .2 
Phosphate (PO,) 4 .0 .1 .4 

Boron (B) 3 .5 .8 1.0 
Zinc (Zn) 5 .0 .06 .28 
Copper (Cu) 4 .00 .0 .0 
Lithium (Li ) 3 .6 2.3 5.5 
Dissolved solids - - - - 216 411 885 

mg/ l; and the chloride content averages 4.1 mg/ I. 
Water in the area southeast of Salem is soft 
and more mineralized. Here water from two wells 
in the Calvert Formation, Dor-Dg 4 and Dor-Dh 
7, has a hardness of 57 and 48 mg/ l, respectively; 
dissolved solids are 914 and 1,270 mg/ l, which is 
substantially above the Public Health Service rec­
ommended limit of 500 mg/ l, iron is 0.04 and 3.0 
mg/ l, respectively and chloride is 102 and 170 
mg/ l, respectively or about 50 times the chloride 
content of water in the area to the north. 

In summary, the water from the Calvert For­
mation throughout most of the area is hard but 
suitable for most purposes, including drinking. 
The water in the extreme southeastern part of the 
area is more mineralized and does not meet U.S. 
Public Health Service standards for drinking 
water. 

Deposits of Pleistocene Age: Water from the 
deposits of Pleistocene age is soft, low in dissolved 
solids and silica, and higher in nitrate than water 
from other formations. Except for excessive iron 
in water from 3 'of the 13 wells tested, and the 
few rather high values for nitrate, the water 
meets the drinking water standards of the U.S. 
Public Health Service. Hardness of the water 
ranged from 4 to 77 mg/ l and averaged 31 mg/ I. 
Dissolved solids content ranged from 54 to 257 and 
averaged 103 mg/ I. Chloride content ranged from 
2.0 to 22 and averaged 10 mg/ I. Silica ranged 
from 8.4 to 28 and averaged 17 mg/ I. Nitrate 
ranges from 0.1 to 95 and averages 28 mg/ l, the 
highest concentrations found in any aquifer in the 
two counties. A high concentration of nitrate in 
ground water can be caused by repeated use of 
fertilizers or by contact with wastes of warm-
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blooded animals, thereby becoming an end product 
of organic pollution. Water containing a nitrate 
content greater than 44 mg/ l is believed to cause 
infant cyanosis or "blue-baby" disease. 

In general, the concentrations of major constit­
uents in water from the deposits of Pleistocene 
age do not range widely. No evidence was found 
of an areal pattern of water quality, as occurs in 
the Aquia and Piney Point Formations. 

Changes in Chemical Quality at Cambridge 

There has been no major deterioration in the 
chemical quality of water from the Piney Point 
Formation since pumping began at Cambridge 
around 1890. Comparison of the earliest chemical 
analyses with recent ones shows no significant 
change. However, the decline in water levels re­
sulting from long-term pumping could cause 
water of less desirable quality to move into the 
pumping wells- downward from the saline Cam­
bridge Creek or the Choptank River through leak­
ing wells or laterally from the Piney Point For­
mation in southeastern Dorchester County. 

Downward movement of saline water from 
Cambridge Creek or the Choptank River into the 
Piney Point could occur because the hydraulic 
head in the aquifer is substantially lower than sea 
level. It is likely that the water quality in the 
Piney Point would have changed already if it 
were not for the ability of clay beds overlying the 
Piney Point aquifer to retard vertical movement 
of water. However, construction of wells in the 
aquifer requires penetration of the clay beds and 
creates conduits capable of carrying water of poor 
quality into the aquifer. 

Twice during 1965, the Cambridge public-sup­
ply well at Fletcher Avenue (Dor-Ce 6) began to 
yield water high in chloride (30- 50 mg/ l). The 
well was pumped to waste, and the chloride con­
tent declined toward normal (8 mg/ I). In the 
past 50 years, several Piney Point wells bordering 
on Cambridge Creek (about 1,500 feet from well 
Dor-Ce 6) have been abandoned and were improp­
erly or poorly sealed. Corrosive saline water from 
the creek is believed to have migrated into the shal­
low aquifer, moved into an abandoned well or 
wells through holes corroded in the casings and 
finally into the Piney Point. This downward move­
ment occurs because the hydraulic head is 80 to 
100 feet lower in the Piney Point than in the 
shallower aquifer. All known abandoned wells of 
this type have now been sealed by the city of 
Cambridge, but there may be others that are not 
known. Eventually, these abandoned wells may 
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become sealed by sediment deposited from the 
water flowing into them. However, should the con­
taminating source be a salt-water aquifer trans­
mitting little or no suspended debris, sealing 
might be slower and less effective. In either case, 
extensive contamination might occur before the 
wells become effectively sealed. The lateral move­
ment of water from a more mineralized area of 
the Piney Point Formation would also cause a 
deterioration in the quality of water, but probably 
is not a serious hazard. Computations based on 
the permeability and hydraulic gradient (caused 
by present pumping) in the aquifer, indicate that 
several hundred years would be required to move 
water to Cambridge from the nearest known 
source of more mineralized water in the Piney 
Point, about 8 miles to the southeast. By the time 
the water reached the Cambridge area, it would 
have become diluted by less mineralized water 
moving toward Cambridge from other directions. 
Water resulting from this mixing would probably 
meet Public Health Service standards for drink­
ing water. 

Problems of Excessive Iron 

The U.S. Pu.blic Health Service recommends 
that drinking water contain no more than 0.3 
mg/ l iron (1962, p. 7) . Although water contain-

ing larger concentrations of iron has no toxic 
effect, concentrations above 0.3 mg/ l are likely 
to be visible and to cause straining of laundry 
and plumbing fixtures. 

High iron concentrations are one of the chief 
problems relating to the quality of ground water. 
Studies of iron in ground water are complicated 
because the plumbing and well casing may be 
sources of iron. Therefore, some of the iron con­
centrations reported in the analyses may not accu­
rately represent the concentration of iron in the 
water in the formation. Despite the inaccuracies 
that may exist, the available data suggest that 
some water in the following aquifers in the areas 
indicated contains excessive iron: 

Deposits of Pleistocene age-West and south of 
U.S. 50. 

Calvert Formation 

Piney Point Formation 
Aquia Formation 

Sands of Cretaceous age 

-N orth of Easton in 
Talbot County. 

South of U.S. 50 and 
east of Vienna 
and Hurlock in 
Dorchester 
County. 

- North of Trappe 
-Northeast of St. 

Michaels 
-West of Oxford 

SURFACE WATER RESOURCES 

The surface-water resources of Dorchester and 
Talbot Counties are capable of only limited devel­
opment for water supplies because: (1) the low 
relief is usually considered a deterrent to eco­
nomic surface storage; (2) the high salinity of 
water in the major tidal streams decreases the 
utility of water for most purposes; and (3) the 
drainage basins of the small fresh-water streams 
are not large enough to provide adequate stream­
flow for most purposes. At present the only user 
of large amounts of surface water is an electric 
generating plant on the Nanticoke River at Vi­
enna. Consumptive use of water is restricted to a 
small amount of pumpage for irrigation during 
dry periods. 

This section describes briefly the streamflow 
characteristics and quality of surface water in the 
two counties. Emphasis is placed on an analysis of 
the low-flow characteristics of the nontidal 
streams and the classification of the surface water 
according to salinity. 
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Streamflow 

The principal streams draining Dorchester and 
Talbot Counties are the Choptank and Nanticoke 
Rivers, which flow southwestward into Chesa­
peake Bay. Both rivers are tidal in the two-county 
area, as are many of their tributary streams. The 
drainage basins of these two rivers lie mostly out­
side the two-county area. 

The Nanticoke River has the largest drainage 
basin on the Delmarva Peninsula- 815 square 
miles, of which 325 square miles is in Maryland 
and 490 square miles is in Delaware. The Chop­
tank drains 795 square miles, of which 692 is in 
Maryland and 103 is in Delaware. 

Much of the two-county area is poorly drained. 
Swamps are found throughout the lower two­
thirds of Dorchester County. 

Streamflow measurements have been made at 
several continuous-record and partial-record sites 
in the two counties. The locations of stream-gag­
ing sites are shown in figure 1. Stream discharge 
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data are published annually by the U.S. Geological 
Survey in cooperation with the State of Maryland 
and various other agencies in Wat er Resow"ces 
Data f01 ' Maryland and DelawaTe; PaTt I, Sur face 
Water Reco1'·ds. Streamflow data for the period 
prior to 1961 have been published annually in 
Water Supply Papers of the U.S. Geological Surv­
ery. A discussion of the surface-water resources 
of Caroline, Dorchester, and Talbot Counties, in­
cluding many discharge records prior to 1955, is 
given in a report by Hulme (1957). 

All stream discharge measurements have been 
made upstream from the tidal reaches. Determi­
nation of the net downstream fresh-water flow in 
tidal streams is more difficult and expensive than 
the measurement of the discharge of non-tidal 
streams, 

De1!elopment of the P1"eSent Dminage System: 
Prior to the development of the present river sys­
tem, older, now buried rivers drained the area 
now occupied by Dorchester and Talbot Counties 
and probably discharged to the east. The older 
rivers produced an erosional surface of much 
greater relief than the present land surface. Ris­
ing sea levels during Pleistocene time resulted in 
these rivers filling their channels and valleys with 
sediment. As sea level rose above its present level, 
much of the interfluvial area was mantled with 
the coarse-grained deposits found at the land sur­
face today. The material deposited during Pleisto­
cene time was characteristically more coarse than 
the older Tertiary sediments upon which it was 
deposited. After the mantling of this area, sea 
level again fell, and the modern drainage system 
developed, During low stands of the sea in the 
Quaternary period, the rivers also cut their chan­
nels far below the present sea level. As sea level 
rose to its present position near the end of the 
Pleistocene, the rivers filled their channels with 
sediment finer than that deposited previously. 
These sediments are predominantly silts and clays 
and contain only minor quantities of the coarse 
sands and gravels characteristic of the older sedi ­
ments. This series of events has produced a varied 
mixture of surficial deposits, which influence the 
hydrologic characteristics of the drainage basins 
in the area. 

Classification of Dminage A1"eaS Based on 
Low-Flow Characteristics: Because Dorchester 
and Talbot Counties have little topographic relief, 
there are few sites where artificial storage can be 
developed with which to supplement the low flow 
of streams. The natural storage of a basin, which 
supplies the low flow, is, t herefore, of considerable 

61 

Figure 31-Graphs showing duration of low flow in 
Areas I, II, and III and for the major streams. 

importance. A useful tool widely used to examine 
a basin's hydrologic characteristics, particularly 
its natural storage, is the streamflow-duration 
curve. This curve shows the percentage of time 
that any discharge has been equalled or exceeded. 
The shape of the curve indicates how the stream­
flow varies and also how much water is being 
derived from ground-water storage in the basin. 
The slope of the lower end of the duration curve 
is determined by the amount of ground-water 
storage in the basin. Relatively flat curves indi­
cate a large percentage of the total runoff is from 
ground-water sources, whereas steep curves indi­
cate a relatively small percentage of the total run­
off is from ground-water sources, In Dorchester 
and Talbot Counties, ground water is discharged 
from surficial sands that are water-table aquifers. 
The low-flow parts of the flow-duration curves are 
indicative of the rate at which the water-table 
aquifers in the area discharge to streams, and of 
the variabili ty of the rate of discharge. 

Based on an analysis of flow-duration curves, 
particularly the low-flow part of these curves, 
Dorchester and Talbot Counties have been subdi­
vided into five areas, each containing streams hav­
ing similar hydrologic characteristics. The loca­
tions of these areas are shown in figure 30. A three-



dimensional representation of the low-flow parts 
of the flow-duration curves of three of these areas 
plus the curves for the major streams is shown in 
figure 31. The curves show the median rates of 
discharge that have been equalled or exceeded 50 
to 95 percent of the time for the respective areas 
and streams. The hydrologic characteristics of the 
five areas shown in figure 30 are summarized as 
follows: 

Area I: Little overland runoff. Large low flow 
supplied by ground water in storage. 

Area II: Variable overland runoff and low 
flows. Streamflow characteristics intermediate be­
tween Areas I and III. 

Area III: Appreciable overland runoff. Small 
flows supplied by ground water in storage. 

Area IV: Area of drowned estuaries and very 
small fresh-water streams (no duration curve in 
figure 31). 

Area V: Tidal marshes with negligible fresh 
surface water (no duration curve in figure 31). 

The low-flow frequency curve is another useful 
tool for evaluating the hydrologic characteristics 
of a basin. This curve shows the average intervals 
of time between the recurrence of low flows of 
selected periods of given length. In this report, 
low-flow frequency curves are presented for areas 
I, II, and III, and for the Nanticoke River, Mar­
shyhope Creek, Choptank River, and Tuckahoe 
Creek. These curves show the range in magnitude 
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and frequency of the lowest flow for 7 consecutive 
days. The slope of the curves, as with flow-dura­
tion curves, reflects the contribution from 
ground-water storage during low flow. A steep 
slope indicates relatively little ground-water dis­
charge, whereas a flat curve indicates relatively 
large ground-water discharge. Furthermore, a 
wide range of values for the 7 -day minimum 
streamflow indicates a wide variation in the 
amount of ground-water discharge and variable 
surficial geology; a small range of values indicates 
a small variation in the amount of ground-water 
discharge and probably uniform geology. 

In the following discussion, the individual areas 
are described and data are presented for each. 
These data and accompanying discussions are ap­
plicable only to streams with their drainage bas­
ins lying wholly within the individual areas. The 
major streams, which have appreciable parts of 
their drainage basins outside Dorchetser and Tal­
bot Counties, are discussed separately. All the 
maj or streams are tidal in the area of investiga­
tion. Direct observations of discharge in these 
reaches, as discussed previously, are not available. 
The data presented, therefore, must be used with 
caution. 

The accompanying illustrations, figures 32 to 
38, show the range in values for streamflow dura­
tion (from 50 to 99 percent of duration) and for 
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7-day minimum low flows, respectively, for areas 
I, II, and III, and the maj or streams. The curves 
were prepared from (1) records from continuous 
streamflow measuring stations, (2) low-flow data 
from partial-record and low-flow streamflow mea­
suring sites, and (3) other published records. Du­
ration and low-flow analyses for those sites with 
sufficient continuous record were prepared for an 
earlier study by Darling (1962). 

Ground-water discharge to a stream in area I, 
in the absence of significant artificial storage, pro­
vides the dependable low-flow discharge. The low­
flow discharge represented by the curve for Area I 
(fig. 32), is nearly all ground-water discharge. 

The streamflow-duration values indicated are 
substantial at 90 percent of duration, ranging 
from about 0.36 to 0.56 cfs per sq mi (cubic feet 
per second per square mile). The curves show lit­
tle variability, which, in turn, indicates substan­
tial storage. This uniformity is reflected in the 
7 -day minimum flow values in figure 32-B. The 
7 -day minimum low flows with a 20-year recurr­
ence are more than 80 percent of the 7 -day mini­
mum flows with a 2-year recurrence interval. The 
relatively large low-flow values and the stability 
of discharge from these streams in Area I is due 
to the relatively thick surficial deposits of permea­
ble sands, which contain large quantities of water. 
Little, if any, overland runoff occurs in the area. 
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Most precipitation infiltrates quickly, replenishing 
the surficial sand aquifers. Water that does not 
return to the atmosphere by evaporation or trans­
piration, or that does not recharge the deeper 
aquifers, is discharged to the streams. Though 
pumpage from irrigation wells in the surficial 
aquifers is increasing, the overall effect on the 
hydrology of these areas is presently insignificant. 

Small surface impoundments can be used to in­
crease water availability, though they may not be 
areally extensive. Such ponds reduce the hydraulic 
gradients to the streams on which they are con­
structed, thereby reducing the rate at which 
ground water is discharged to the reach affected 
by the impoundment. The net result is to increase 
the quantity of water retained in storage in the 
aquifer. Water retained in storage in this manner 
can be utilized to supplement low flows by lower­
ing the water level in the pond during dry peri­
ods, thereby increasing the hydraulic gradient to 
the stream and consequently increasing the rate 
at which ground water discharges to the stream. 
The overall effect of this type of regulation is to 
reduce the slope of the duration curve. 

The hydrologic characteristics of Area II are 
intermediate between those of Area I and Area 
III. Area II has more variability between streams 
than Area I, as is indicated by the wide range in 
the flow-duration curves in figure 33-A. 
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Figure 33- Graphs for Area II showing: A, range in low streamflow duration; and B, range in magnitude and 
frequency of 7-day minimum streamflow. 
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Steam flow is also more variable in any particu­
lar stream in Area II. Some parts of the area 
contribute significant quantities of water to 
streams as overland runoff. Flow-duration values 
for these streams are in the lower range of the 
values shown. The frequency curves in figure 33-B 
also show a relatively wide range for 7-day mini­
mum flows. The development of reliable water 
supplies from many of the smaller streams in 
Area II could be accomplished only by supple­
menting low flows with surface storage, a difficult 
pr oblem in this area because the flat terrain limits 
the availability of good reservoir sites. Large 
drainage basins in this area can be considered 
reliable sources of some water without surface 
storage. 

Area III, in the east-central part of Talbot 
County (figure 30), offers little opportunity for 
the development of surface supplies. Even small 
supplies would be almost wholly dependent upon 
surface storage. Some streams that drain basins 
of several square miles in this area are perennial. 
However, as indicated by .figure 34-A and B, other 
streams discharge little water and are frequently 
dry. Storage in the surficial sediments is small, 
infiltration is slow, and overland runoff is appre­
ciable. During maj or storms, overland runoff 
from parts of this area may be many times as 
great as peak discharges resulting from similar 
storms in Area I. 
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Area IV consists of the western part of Talbot 
County and the northwestern part of Dorchester 
County (figure 30). The area has an irregular 
shore line, which is the result of the drowning of 
the lower reaches of the streams discharging into 
Chesapeake Bay. No streams with their headwa­
ters in this area have drainage areas large enough 
to provide sufficient water to justify development 
as a water supply. The drowned reaches of 
streams in Area IV are tidal, and the water is 
salty. These drowned streams nevertheless are of 
great economic value. Their deep water and shel­
tered harbors led to the early settlement of this 
area, and the value of these streams is still in 
their utility as waterways, though primarily for 
recreational purposes rather than for commerce. 

Area V consists of tidal marshes and sluggish 
meandering streams. The topography is flat; the 
land surface in most of the area is less than 10 
feet above mean sea level. Most streams are tidal 
and salty. An area of this type has an essential 
role in the ecology of marine life, and this part of 
Maryland is well known for its seafood industry. 
This area has negligible usable fresh surface-wa­
ter supplies. The changes necessary to develop 
such supplies would entail great expense. 

M aj or- Str'eams,' The drainage basins of the 
large streams lie mostly outside the area. The 
data presented are applicable only to those reaches 
within the area of investigation. The streams are, 
without exception, tidal in Dorchester and Talbot 
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Figure 34- Graphs for Area III showing: A, range in low streamflow duration; and 8, range in magnitude and 
frequency of 7-day minimum streamflow. 
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Counties and in general are salty. The low flow of 
the Nanticoke River is greater than that of the 
Choptank River. 

The Nanticoke River has the largest drainage 
basin on the Delmarva Peninsula- 393 square 
miles at the Delaware State Line, 415 square 
miles above its confluence with Marshyhope 
Creek, and 815 square miles at the mouth. A total 
of 490 square miles of the basin is in Delaware. 
Figure 35A shows the range in flow-duration val­
ues estimated for the reach between the Delaware 
State line and Vienna. For example, the fresh-wa­
ter discharge that could be expected to be ex­
ceeded 90 percent of the time in this reach would 
be between 0.23 and 0.32 cis per sq mi. Similar 
ranges are given for the minimum 7-day dis­
charges in figure 35-B. The discharge at any point 
is influenced by the discharge characteristics of 
all the areas contributing to the stream. The 
spread in values, therefore, is indicative of the 
variability of discharge from the different con­
tributing areas. For example, Marshyhope Creek 
has lower values of discharge (figure 36-A) at 90 
percent of duration than the Nanticoke River. 
Discharge values on a unit-area basis would, 
therefore, be lower for the Nanticoke River below 
the confluence with Marshyhope Creek than above 
it. The relatively high rate of discharge of 
streams in Area I flowing directly to the Nanti­
coke River would have little overall influence be­
cause of their relatively small total drainage area. 
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The values given in figure 35 do not take into 
consideration possible losses in the channel owing 
to seepage and evapotranspiration. 

Marshyhope Creek drains 214 square miles of 
which 91 square miles is in Delaware. All the area 
contributing to this stream within Dorchester 
County is in Area I, and the contributing area is 
significant. The discharge characteristics of Area 
I , therefore, tend to increase the unit-area runoff 
of Marshyhope Creek. The degree to which this 
area modifies the streamflow characteristics of 
Marshyhope Creek at any particular point is de­
pendent upon the relative size of the contributing 
area in Area I to the total drainage area of the 
stream. 

On the Delmarva Peninsula, the Choptank 
River is second only to the Nanticoke River in the 
size of drainage area. At the mouth of the river 
the drainage area is 795 square miles, of which 
103 square miles is in Delaware. The drainage 
area above Tuckahoe Creek is 263 square miles. 
Figure 37-A and 37-B show, respectively, the 
low-flow duration curves and the 7 -day low-flow 
frequency curves for the Choptank River. Low­
flow runoff for this drainage basin is, in general, 
smaller than for the Nanticoke River and d0 2s not 
have as wide a range, as a comparison of .figures 
35 and 37 shows. In general, the areas drained by 
the Choptank River are more homogeneous and 
have runoff values in the same range as Area II, 
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Figure 3S- Graphs for Nanticoke River showing: A, range in low streamflow duration; and 8, range in magni­
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Figure 36-- Graphs for Marshyhope Creek showing: A, range in low streamflow duration; and B, range in 
magnitude and frequency of 7-day minimum streamflow. 
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Figure 37-Graphs for Choptank River showing: A, range in low streamflow duration; and B, range in magni­
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the most important contributing area in the reach 
within Dorchester and Talbot Counties. 

Tuckahoe Creek is the principal tributary to the 
Choptank River. It drains a total of 152 square 
miles, most of which lies outside the study area. 
Figures 38-A and 38-B show low-flow duration 
curves and 7 -day low-flow frequency curves for 
Tuckahoe Creek. The discharge characteristics of 
this stream are similar to those of the Choptank 
River, though low-flow runoff values of Tuckahoe 
Creek are somewhat higher. However, the differ­
ences are not large enough to affect significantly 
the low-flow characteristics of the Choptank River 
below its confluence with Tuckahoe Creek. 

Quality of Surface Water 

Surface water of Dorchester and Talbot Coun­
ties include (1) the fresh water of the streams 
flowing in topographically high areas, (2) the sa­
line water of Chesapeake Bay and the lower 
reaches of its estuaries, and (3) mixtures of these 
two types in intermediate zones. Some surface 
water is used seasonally for irrigation. In order to 
describe the character and distribution of these 
waters in the two counties, they are arbitrarily 
placed into five groups on the basis of specific 
conductance, which is a measure of the dissolved­
solids content or salinity of the water. The degree 
of salinity is one of several parameters limiting 
the use of water for irrigation. The five groups 
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are described below and are summarized in table 
12. 

Typ e I Water (F1"esh Water): Fresh water 
occurs in streams in the northern and central 
parts of Talbot County and in the northern part 
of Dorchester County. Table 13 presents the 
chemical analyses of water from five typical 
streams. Most of the water from the streams 
meets the chemical quality standards recom­
mended by the U.S. Public Health Service for 
drinking water.1 The water is generally soft, low 
in dissolved solids, and acidic. The waters in some 
streams in Talbot County contain iron concentra­
tions that are. objectionable for domestic use. For 
example, values for iron in samples from Mill 
Creek, near Skipton, and Kings Creek, 3 miles 
east of Easton, were 0.98 and 1.6 mg/ l, respec­
tively. 

The quality of water in some streams has been 
modified by man. High nitrate concentrations 
occur in streams as well as in water-table aquifers 
in northeastern Dorchester County (see analysis 
for Skinners Run in table 13). The nitrate may be 
derived from fertilizers, which reach the water 
table after infiltrating the very permeable soils. 

1 Chlorination of all surface water used for drinking 
purposes is recommended. 
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Figure 3S-Graphs for Tuckahoe Creek showing: A, range in low streamflow duration; and 8, range in magni­
tude and frequency of 7-day minimum streamflow. 
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Table 12. Classification of surface water in Dorchester and Talbot Counties according to specific conductance 
showing suitability for irrigation. 

Specific Degree of hazard 
Type conductance if used for Limitations to use Distribution in Dorchester and 

of water (micromhos at irriga tion 1 for irrigation 1 Talbot Counties and nearby areas 
25° C) 

I 0-250 Low Satisfactory for most soils. Some Topographically high areas of 
(fresh) leaching required. northern Dorchester County and 

northeastern and central Talbot 
County. 

II 250-750 Medium Moderate amount of leaching re- Upper reaches of Choptank 
(mixed) quired. Plants with moderate and Nanticoke Rivers. 

salt tolerance can be grown in 
most cases. 

III 750-2250 High Can possibly be used with special 
(mixed) management techniques on soils 

with adequate drainage. 

IV 2250-5000 Very high May be used only under special Variable- middle reaches of 
(mixed) circumstances where soils are Tidal Choptank and Nanticoke 

permeable, drainage is adequate, areas Rivers. 
excess leaching water is applied 
in profusion, and extremely salt-
tolerant crops are grown. 

V Greater Destructive Too mineralized to be considered Chesapeake Bay and lower 
(lower than 5000 to soil for irrigation. reaches of its estuaries. 

Chesapeake and crops 
Bay water) 

1 From Wilcox (1955, p. 9). 

Some streams receive seasonal wastes from 
canneries and meat packing plants or effluent 
from sewage-treatment installations. 

Types II, III and IV Wate1"S (Mixed Waters) : 
The quality of water in the upper reaches of the 
Choptank and Nanticoke Rivers fluctuates with 
t ime in response to variations in runoff, the 
phases of the tide, and the salinity of Chesapeake 
Bay. Most of the time, water satisfactory for irri­
gation can be obtained from these reaches. Occa­
sionally, the water is too brackish for irrigation. 
The fluctuations in salinity result from a mixing 
of fresh water (type I) from upstream with sa­
line water (type V) from Chesapeake Bay. The 
mixing occurs in a zone that varies in length and 
position. 

F igure 39 is a graph showing the upstream 
part of the zone of mixing on the Choptank River 
and Tuckahoe Creek on September 9 and 10, 1964. 
Because streamflow during September 1964 was 
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the September low during the 20 years of record, 
salinity was about as great as could be expected. 
Normally, the zone of water mixing is several 
miles downstream, and the water in the r iver is 
satisfactory for irrigation. F igure 39 shows that 
at high tide, specific conductance was 8,000 mi­
cromhos at Dover Bridge. Specific conductance de­
creased with distance upstream from Dover 
Bridge (type V water) to Greensboro (type I 
water) . Comparison of the mileage scale on the 
graph with the scale for the water types shows 
that at high t ide the reach of the Choptank above 
18% miles contains water of type II or type I 
quality. At low tide, the water of equal quality 
was as far downstream as the 16-mile point. Thus, 
the tide caused a 2lj;2-mile fluctuation of the 
"fresh water" front. Type III water was as far 
downstream as the 13-mile point at high t ide and 
the 9-mile point at low tide. The graph for Tucka­
hoe Creek shows that type III water could be ob­
tained from its upper reaches during high tide. 
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Table 13. Chemical analyses of surface water in fresh-water reaches of streams. 

(chemical analyses in milligrams per liter except pH) 

Spe-
Dis- Hardness cific 

Man- Mag- solved as CaCO, con-
Date Dis- Silica Iron ga- CaI- ne- Sodi- Potas- Bicar- Sulfate Chlo- Fluo- Ni- solids duct-

of charge (Si0 2 ) (Fe) nese cium sium urn sium bonate (SO,) ride ride trate (resi- Cal- Non- ance pH 
collection (cfs) (Mn) (Ca) (Mg) (Na) (K ) (HCO a) (Cl) (F ) (NO,) due at cium, car- (micro-

180°C) mag- bonate mhos 
nesium at 

25°C) 

Gales Creek 
Sampling location: Lat 38° 34' 01 ", long 75° 42' 49 ", at outlet to Galestown Millpond on State Route 531 at Galestown, Dorchester County, Md. 

May 19, 1965 

Skinners R un 
Sampling location : Lat 38° 39' 46 ", long 75° 48' 38 ", at bridge on unimproved road, 

0.6 mile upstream from mouth, 1.0 mile northeast of Williamsburg, Dorchester County, Md. 

May 19, 1965 

Kings Creek 
Sampling location: Lat 38°47'20", long 76°00'35", at bridge on county road 0.8 mile downstream 

from confluence of Wootenaux Creek and Galloway Run and 3.5 miles east of Easton, Talbot County, Md. 

May 19, 1965 

Gravel Run 
Sampling location: Lat 38° 40' 56", long 75° 53' 57", at culvert on State Route 16, at Beulah, Dorchester County, Md. 

May 20, 1965 

Mill Creek 
Sampling location: Lat 38° 54' 36", long 76° 04' 26", at bridge on State Route 662, 1 .4 miles northwest of Skipton, Talbot County, Md. 

May 19, 1965 

Color 

20 

45 



Table 14. Chemical character of water in Chesapeake Bay.l 

Temperature Chloride Specific 
Date Salinity pH (CI) (mg/ l) conductance 

(mg/ l) °C OF (micromhos 
at 25° C) 

June 28, 1963 13,500 23 74 6.6 7,490 21,000 
October 11, 1963 17,900 - - - - 6.9 9,900 26,400 
January 15, 1964 17,300 1 34 7.4 9,600 23,600 
April 13, 1964 10,300 9 49 7 .0 5,700 16,600 

\ Collected at Solomons, Maryland, on Chesapeake Bay, a place believed representative of the study area. 

Because of the variations in the quality of 
water in the sampled reaches of the Choptank and 
Nanticoke Rivers, the quality should be carefully 
monitored before the water is used. 

The quality of water in the Choptank River 
has been studied by several other agencies, and 
the resulting published data are in the following 
references: Murphy, 1957 ; Hires and others, 
1963; Stroup and Linn, 1963; and Longwell, 1967. 

Reports on the chemical quality of water in the 
Potomac and Patuxent Rivers, which have charac­
teristics similar to the Choptank, have been pre­
pared by Durfor (1961) and Heidel and Frenier 
(1965), respectively. 

Type V Water (Chesapeake Bay): The water in 

Chesapeake Bay is highly mineralized because it 
is diluted ocean water. Table 14, which lists the 
salinity and several other chemical characteristics 
of the water, shows that the water in Chesapeake 
Bay in the vicinity of the study area is most 
highly mineralized in the fall, when fresh-water 
inflow is lowest, and least mineralized in the 
spring, when fresh-water inflow is greatest. Maxi­
mum mineralization of water in the study area is 
about half the mineralization of sea water. 
Complete chemical analyses of this water are avail­
able from several publications (Heidel and Fren­
ier, 1965; Murphy, 1957; Stroup, 1963; and Ches­
apeake Bay Institute Data Reports 17, 20, 22, and 
24,1954). 

SUMMARY 

Ground water is abundant in and near Dorches­
ter and Talbot Counties, but fresh surface-water 
supplies are not readily available. Water in 
streams in the nontidal areas and in the explored 
aquifers is satisfactory for most purposes . How­
ever, water in Chesapeake Bay and most of the 
tidal reaches of its tributaries is too saline for a 
water supply. 

The ground-water resources near Cambridge 
and Easton are not large for areas underlain by 
extensive Coastal Plain deposits. However, the 
available ground water is adequate for present 
needs, and should supply anticipated demand until 
at least the year 2000. Ground water is available 
from two sources: (1) water in the artesian aqui­
fers that have distant sources of recharge or that 
are replenished by slow leakage through confining 
layers and that have fixed withdrawal limits, and 
(2) water in the shallow ground-water reservoirs 
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that are subject to local replenishment by precipi­
tation. Because of the high rates of recharge to 
the surficial aquifers, their potential as a source 
of water supply is large. 

Water use (excluding withdrawals for cooling 
electric power generators) totaled 11 mgd in 
1960. Pumpage of ground water averaged 10 mgd 
in 1960, and pump age of surface water, mainly 
for irrigation, averaged 1 mgd in the. same year. 
The largest water users were the cities of Cam­
bridge (3 .5 mgd in 1966) and Easton (about 1 
mgd in 1964), and food-processing industries in 
the two counties. 

The two-county area is underlain by a thick 
section of Coastal Plain sediments including sand, 
silt, clay, and minor amounts of gravel. The thick­
ness of the sediments ranges from 2,200 feet in 
northwestern Talbot County to 4,200 feet in 
southeastern Dorchester County. However, only 



u 
0 

Lr\ 
N 

~ 

ex: 

eo::: 
I.J.J 
~ 
I.J.J 

:E 
~ 

z 
I.J.J 
u 

eo::: 
I.J.J 
c.... 

V') 

0 
:r 
:E 
0 
eo::: 
u 

:E 

" 
:z: -

~ 

I.J.J 
U 
Z 
ex: 
~ 

u 
=> 
£:) 

z 
0 
u 

u 
u... 

u 
I.J.J 
c.... 
V') 

9000 

8000 

7000-

6000-

5000-

z 
o 
~ 

ex: 
u 
u... 

V') 

V') 

ex: 
--I 

U 

4000 -! ~ 

3000,-

2000 ' 

1000-

~ 

ex: 
~ 

--I 

ex: 
=> 
o 

L
o~er Bridge 

TYPE . Y .Om, -l 
I Anne 

Cord ov o p 

Confluence 
TYPE I Tuckahoe 

with 

Ii 

c: ' 

'" 
.~r=~------~-J~-----+------~~~ 

\ \
' .verldg. I I 

~
C hoPtonk 

,, -~ 

o , 5,;, ,'(1 
,I I J, ~ 

+--:...-I--~=Wi "i s ton -+1--t---t----+-+-4---+-+-t---t--

~ 
1--+-+--+1 EXPLANATION 
'" , I I , 
"'" _ ........ Choptank River (high tide) 

O,Choptank River (low tide) 

TYPE 

III IXi T u c k 0 hoe ( r e e k ( h i 9 h tid e ) 

_. T 11 E I I I I I I 

~ I IX I 1' .. --,.. 
o 2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 17 18 19 20 21 22 

MILES UPSTREAM FROM DOVER BRIDGE 

Figure 39-Graph showing specific conductance of water in the Choptank River and Tuckahoe Creek on September 9-10, 1964. 



the uppermost 1,500 feet has been explored. 
The principal aquifers include the sands in the 

Upper Cretaceous System (primarily the Magothy 
Formation), the Aquia Formation, the Piney 
Point Formation, the Calvert Formation, and the 
deposits of Pleistocene age. Exploratory drilling 
has disclosed the existence of potential aquifers in 
the sands of Cretaceous age in the interval from 
1,100 to 1,500 feet. However, no supply wells have 
been constructed in these sands to date (1966). 

The Magothy Formation yields water from 
permeable, lenticular sands that have an average 
transmissibility of 8,000 gpd per foot. Because it 
lies at depths of several hundred feet, wells com­
pleted in the Magothy have large available draw­
downs, and the formation is capable of yielding 
larger amounts of water than are currently being 
pumped in t he Cambridge and Easton areas. 

The Aquia Formation is characterized by rela­
tively low transmissibility (2,000 to 5,000 gpd per 
foot), and its greatest potential is for domestic 
wells in the rural areas. 

The Piney Point Formation is the most impor­
tant artesian aquifer in much of the area, and 
provides most of the water used at Cambridge, 
western Dorchester County, and southern Talbot 
County. The thickness of the water-bearing sands 
ranges from a few feet to more than 160 feet. The 
transmissibility is moderately high where tested, 
ranging from 9,000 to 45,000 gpd per foot. 

The Calvert Formation consists of silts and 
thin, lenticular sands that constitute an aquifer of 
moderately low transmissibility (3,500 gpd per 
foot) . These sands yield water to many wells in 
eastern Talbot and Dorchester Counties. 

The deposits of Pleistocene age contain the 
most permeable sands in the area and are a highly 
productive aquifer in northeastern Dorchester 
County. The thickness of the Pleistocene deposits 
is variable, ranging from a few feet to more than 
150 feet. Where these deposits attain their maxi­
mum thickness, the transmissibility is generally 
high (95,000 to 175,000 gpd), and wells yield as 
much as 1,500 gpm. 

The city of Cambridge obtains all its water 
(about 3 mgd) from wells in the Piney Point and 
Magothy Formations. The Piney Point Formation 
has been the chief source of water since 1888. The 
deeper wells in the Magothy are less productive 
and have been used only since 1945. 
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A widespread cone of depression, centered 
around Cambridge, has developed in the poten­
tiometric surface in the Piney Point Formation. It 
extends throughout much of the two-county area. 
During the past several decades the potentiomet­
ric head has declined to about 100 feet below sea 
level at Cambridge from an original static level of 
about 20 feet above sea level. The cone of depres­
sion is characterized by a relatively gentle gra­
dient toward the center of pumping. 

The amount of water that may be pumped from 
the Magothy and Piney Point Formations at Cam­
bridge on a long-term basis is estimated to be 3 
mgd and 8 mgd, respectively. Thus, the 1966 
pumpage of 3.5 mgd from the two formations is 
considerably less than the combined IPotential 
yield of 11 mgd. 

The city of Easton pumps about 0.92 mgd of 
"Water from wells in the sands in the Cretaceous 
System, the Aquia Formation, and the Calvert 
Formation. The Cretaceous sands are the princi­
pal source of Easton's water, supplying 72 per­
cent of the water pumped in 1964. 

The estimated long-term yields of the three 
principal aquifers in the Easton area are as fol­
lows: Calvert Formation, 0.3 mgd; Aquia Forma­
tion, 2.0 mgd, and the sands in the Cretaceous Sys­
tem, 3.0 mgd. Thus, the 1964 pumpage of 0.93 
mgd is less than 17 percent of the estimated 5.3 
mgd available on a long-term basis. 

The long-term yields given for Cambridge and 
Easton are approximate figures, subject to the as­
sumptions described in the preceding parts of this 
report. They are intended as guidelines for future 
planning and should not be taken as exact figures. 
To achieve the long-term yields will require that 
pumping levels in wells be lowered almost to the 
top of the aquifer being pumped. Such extensive 
lowering of the water levels will, of course, in­
crease the cost of pumping water and may cause 
subsidence of the land surface. 

The quality of the ground water is generally 
good, and the water from most formations can be 
used for nearly all purposes without treatment. 
There is a marked areal pattern in the quality of 
water from the four principal artesian aquifers . 
The Piney Point and Aquia Formations contain 
hard water in the northwestern part of the two 
counties, but the water is softer and higher in 



dissolved solids toward the southeastern part. 
Water in the Magothy and Calvert Formations is 
low in dissolved solids in the western part of the 
area but high in dissolved solids in the central and 
southeastern parts. Water quality from the sands 
of Pleistocene age does not have an areal pattern. 
It is generally soft and low in dissolved solids 
throughout the entire two-county area. Some slight 
increased mineralization occurred temporarily in 
water from the Piney Point Formation at Cam­
bridge, probably through movement of saline 
water from nearby creeks into abandoned wells. 

The surface-water resources of the two counties 
are capable of only limited development because: 
(1) the very low relief lessens the opportunities 
for economic surface storage sites; (2) the high 
salinity of water in the major streams renders the 
water unsuitable for many purposes; and (3) the 
drainage areas of the fresh-water streams are too 

small to provide significant streamflow. To date 
(1966), surface water is used only for electric 
power generation and for limited irrigation pur­
poses. 

Much of the two-county area contains tidal 
marshes, or estuaries, or small, sluggish fresh-wa­
ter streams, which have small discharge per unit 
area during fair weather. An exception to this 
generalization is northeastern Dorchester County, 
where the discharge of streams is substantial dur­
ing low-flow periods. The somewhat high base 
flow of these streams is caused by ground-water 
discharge froin the permeable Pleistocene sands. 

The zone of mixing of fresh and brackish wa­
ters along the major streams changes in length 
and position according to variations in runoff and 
tidal heights in Chesapeake Bay. The quality of 
water in these zones of mixing, therefore, may be 
unsuitable for irrigation at certain times. 

FUTURE MONITORING 

To insure that the maximum benefits are ob­
tained from the ground-water reservoirs utilized 
by the cities of Cambridge and Easton, the follow­
ing types of future monitoring are suggested: 

1. A network of 15 to 20 observation wells is 
needed for the Piney Point aquifer at Cam­
bridge. The network would consist of exist­
ing unused wells and five or six new wells 
drilled for observation purposes. The wells 
should be spaced at regular intervals in a 
grid to cover the area around Cambridge. 
Water-level measurements should be made 
semiannually-once each spring and once 
during the peak of the canning season in the 
fall. From these measurements, current po­
tentiometric maps could be prepared. The 
maps would delineate cones of depression 
and would pinpoint areas where overpump­
ing (excessive drawdown) was occurring or 
is likely to occur in the near future. Pump­
ing schedules could then be arranged to in­
sure that water levels are not lowered exces­
sively in one area while another area was 
relatively unaffected. 

2. One or more observation wells is needed for 
the aquifers of the Cretaceous system at 
Easton. Inasmuch as these sands provide 70 
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percent of Easton's water and have the larg­
est potential yield of any other aquifer, it is 
desirable to know the rate at which water 
levels are declining in them. It is difficult 
currently to assess the decline of water lev­
els because most of the wells are screened in 
more than one aquifer. Thus, the measured 
water levels are a composite of the artesian 
head in several aquifers. Water-level meas­
urements should be made on a semiannual 
basis in observation wells tapping only these 
sands. These data would show the trend of 
water levels in the aquifer. 

3. A program of monitoring for land subsid­
ence is needed at Cambridge-particularly, 
if pumpage from the Piney Point aquifer is 
greatly increased. This program should in­
clude: 

(a) Accurate determination of land-surface 
elevations by leveling from distant con­
trol points; this should be done every 5 
years. 

(b) Installation of at least one subsidence 
recorder in an unused well screened in 
the Piney Point Formation in or near 
the center of pumping. 



(c) Compaction tests should be made on 
cores taken from the clays and silts 
overlying the Piney Point Formation to 
evaluate possible future subsidence 
caused by removal of entrained water. 

4. Precautions are needed to insure that the 
Piney Point aquifer is not contaminated by 
salt water at Cambridge. The deep cone of 
depression at Cambridge makes the hazard 
of salt-water contamination a distinct possi­
bility. To guard against possible contamina­
tion, these measures should be adopted: 
(a) All wells drilled to the Piney Point For-

mation should have the casing grouted 
securely from the top of the aquifer to 
land surface. 

(b) Dredging in Cambridge Creek should 
be kept to a minimum. Such dredging 
disturbs the clay seal on the bottom of 
the creek and would permit infiltration 
of saline water into the underlying 
Choptank Formation. The saline water 
may then move into the Piney Point 
through holes in corroded well casings 
or through the annular space outside 
the casings. 
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APPENDIX 

The appendix included in this report supports preceding interpretive sections and makes selected 
data gathered in the course of the proj ect readily a vailable for reference. 

Included in the appendix are lithologic logs for 10 wells or test holes and basic records for about 
170 wells referred to in this report. 

LITHOLOGIC LOGS 

The characteristics of formations penetrated by test holes are best determined by joint utilization 
of geophysical logs and lithologic descriptions based on drilling data and sample descriptions. Most logs 
presented in table 15 were compiled in the field at the time of testing and are based on an integration of 
drilling and sample data. However, washed cuttings from two of the deepest test holes, Dor-Ce 77 and 
Tal-De 16, were studied and described in detail by J. A. Miller of the U.S. Geological Survey in 
Raleigh, North Carolina. These descriptions are given in table 15 with drilling data for these two test 
holes. Samples from the upper 500 feet of these holes are considered to be fairly representative of depths 
indicated. Samples from greater depths, particularly from clay beds, may be much less representative 
because of contamination from shallow zones. Therefore, in cases of conflicting evidence, the drilling 
data and geophysical logs are considered to be the best indicators of the character of the sediments 
at a specific depth. 
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Table 15. Lithologic logs of test holes. 

Test hole Dor-Bh 9: 5 Y2 miles east-southeast of Hurlock. 

Thickness 
(feet) 

10 
5 
5 
5 

20 
9 

11 
5 
5 
5 

16 
4 

Depth to base 
(feet) 

10 
15 
20 
25 
45 
54 
65 
70 
75 
80 
96 

100 

Lithology 

Sand, coarse, with some fine and medium, some gravel, silt, and clay, white 
Sand, coarse, with some fine and medium, some gravel and silt, white. 
Sand, fine to medium, white. 
Sand, medium and coarse, with some fine, and gravel, some silt, white. 
Sand, medium and coarse with some fine, and gravel, orange brown . 
Sand, fine to coarse, with gravel and some silt, orange brown. 
Clay and silt, organic, black. • 
Sand, fine to coarse, with gravel and some clay and silt, black and reddish brow'}. 
Sand, coarse with some medium and fine, and gravel with some silt, dark brown. 
Sand, fine with some silt and clay, dark brown. 
Sand, fine and medium, with some clay and silt , dark brown. 
Clay with a little silt, blue. Bottom of hole at 10() ft. 

Test hole Dor-Bh 10: 2Y2 miles south of F'edE'ral~burg. 

Thickness Depth to base 
(feet) (feet) 

5 5 
5 10 

35 45 
13 58 
2 60 

Lithology 

Sand, medium with some fine and coarse, some gravel, clay, and silt, light grav. 
Sand, fine to coarse, with a little silt, light gray. 
Sand, medium with some fine and coarse, with a little gravel, orange brown. 
Sand, medium with a little fine and coarse, and a little gravel. 
Clay, silt, and fine sand, blue. Bottom of hole at 60 ft. 

Test hole Dor-Bh 11: 3 miles east-southeast of Hurlock. 

Thickness 
(feet) 

1 
19 

5 
15 
75 
25 

Depth to base 
(feet) 

1 
20 
25 
40 

115 
140 

Lithology 

Topsoil 
Sand, medium with coarse, and gravel, white . 
Sand, medium with coarse, and gravel, brown. 
Sand, medium with coarse, and gra vel, reddish brown. 
Clay, with thin layers of silt and sand, blue gray. 
Clay and silt, with some fine and medium sand, fossil fragments, blue gray. Bottom of h"lp ·r 

140 ft. 

Test hole Dor-Ce 77: 1 Y2 miles east-southeast of Cambridge. 

Thickness 
(feet) 

8 

8 

4 

Depth to base 
(feet) 

8 

16 

20 

Driller's log (feet) 

Sand, brown. 

Clay, gray 8-10. 
Sand, brown 10-12. 

Clay, dark brown 12- 16. 
Sand, gray. 

See discussion of these data in preceding text. 

Lithology 

Sample description 1 

Sand, light-gray, medium- to coarse-grained, subangular to sub rounded. 
clean. Trace white feldspar, black heavy minerals. 

Clay and sand, dark-gray: 60 percent dark-gray clay matrix. 40 per­
cent medium- to coarse-grained round sand. Trace chert (from 
broken gravel), fine-grained gravel. 

Sand, light-gray, coarse- to very coarse-grained, subangular to sub­
rounded, clean. White feldspar prominent. 
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Test hole Dor-Ce 
7 

5 

10 

11 

10 

16 

14 

11 

10 

10 
21 
10 

6 
25 

20 
21 

7 

14 

10 

10 

31 

10 

21 

Table 15. Lithologic logs of test holes-(Continued) 

77-(Continued) 
27 Clay, gray 20- 2l. 

Sand, gray and white 
with gravel 21-27. 

32 Clay, gray. 

42 Clay, gray. 

53 do. 

63 do. 

79 do. 

93 Clay, green with shells. 

104 Clay, green with shells to 
99 ft. Shells, hard, 
crusty 99-100. Shells 
with fine gray sand, 
and clay 100-104. 

114 Same to 110. Hard rock 
from 110-112. Shells 
and clay, crusty 112-
128. 

124 Shells and clay, crusty. 
145 Clay, green with shells. 
155 Clay, green, with shells. 

161 do. 
186 Rock from 162-163. 

Crusty shells 163-17l. 
Clay, sandy, green . 

206 do. 
227 do to 22l. 

234 Sand gray and crusty 
layers. 

248 Clay, sandy, green. 

258 Clay, gray, with layers of 
crust and rock. 

268 Clay. 

299 Clay, sandy, green to 297. 
Hard and crusty 297-
299. 

309 Clay, green, sandy. 

330 do. 

Gravel and sand, light-gray: 70 percent fine-grained subangular to 
subrounded gravel. 30 percent medium- to coarse-grained rounded 
sand. Trace garnet, light -gray clay. 

Gravel, sand, and clay, light-gray: 50 percent medium-grained 
gravel. 30 percent fine- to medium-grained subangular sand. 20 
percent light-gray clay matrix. 

Clay, gravel, and sand, very light-gray : 50 percent very light -gray 
clay. 35 percent fine-grained gravel. 15 percent medium- to coarse­
grained subangular to subro unded sand. 

Clay, very light-gray, pure. Fine to medium-grained gravel pro­
minent. Trace coarse-grained rounded sand. 

Sand and clay, light -gray; 55 percent fine- to coarse-grained sub­
angular to subrounded sand. 45 percent light-gray clay matrix. 

Clay, light-gray, pure. Trace shell fragm ents, very fine-grained 
muscovite. 

Sand and shell, light-gray: 70 percent very fine to fine-grained an­
gular to subangular sand. 30 percent shell fragments. Trace phos­
phate. 

Shell hash, light-gray: Trace light-gray clay binder, coarse-grained 
rounded sand, pebble phosphate. 

Sandy shell limestone, light-gray: 40 percent light -gray coarse crystal­
line limestcne matrix, fairly well indurated . 4.0 percent shell frag­
ments, enclosed in limestone. 20 percent fine-grained rounded sand, 
enclosed in limestone. 

Rock layer from 110- 112 feet. 
Similar to above with 40 percent sand and 20 percent shell. 
Similar to above with trace phosphate. Shell fragments very coarse. 
Sand and clay, medium-gray; 80 percent fne-grair.(d sLbroun :hi 

well-sorted sand. 20 percent medium-gray clay . Glauccnite, sh~ll 

fragments prominent. Trace phosphate. 
Similar to above with no shell fragments. 
Sand, light-gray, very fine- to fine-grained, angular to srbangular, 

light-gray clay prominent. Trace glauconite, shell fragments. 

Similar to above with no shell fragments. 
Sand, light-gray, medium- to coarse-grained subangular to sub­

rounded, water-polished . Trace light-gray clay, glauconite, phos­
phate. 

Clay and sand, very light-gray: 70 percent very light-gray clay. 30 
percent very fine-grained angular sand. Trace glauconite shell 
fragments. 

Sand, light-gray, medium to very coarse-grained, sub angular to 
subrounded, water-polished. Trace shell fragments, phosphate, light 
gray clay. 

Sand and limestone, light-gray: 75 percent medium- to coarse-grained 
sub rounded to rounded water-polished sand. 25 percent light-gray 
coarse crystalline limestone, probably as an intercalation. Trace 
shell fragments, phosphate. 

Sand, light-gray, fine- to medium-grained, subangular to subrounde('. 
Trace phosphate, shell fragments, light gray clay. 

Sand, light-gray, fine-grained, sub angular, well sorted. Trace light­
gray clay, shell fragments, phosphate. 

Clay and sand, light-gray: 50 percent light-gray clay matrix. 50 
percent very fine- to fine-grained subangular sand. Trace coarse­
grained sand, phosphate, shell fragments. 

Diatomaceous clay, light-gray : very fine- to coarse-grained angular to 
subrounded sand prominent. Trace muscovite, phosphate, sheli 
fragments. 
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Table 15. Lithologic logs of test holes-(Continued) 

Test hole Dor -Ce 77-(Continued) 
40 370 Clay, sandy, green. 

7 

14 

10 

10 

10 

10 

10 
11 

72 

30 

12 

10 

[0 
10 

21 

10 

10 

31 

10 

10 
41 

10 
21 

10 

377 

391 

401 

411 

421 

431 

441 
452 

524 

554 

566 

576 

586 
596 

617 

627 

637 

668 

678 

688 
729 

739 
760 

770 

Clay, sandy, green to 375. 
Rock 375 to 376. Sand, 
gray, some shells 376-
393. 

do. 

Crusty, hard. 

Sand, gray and white wit h 
some shells. 

Sand and clay, gray and 
white. 

Sand, gray, brown and 
white with gray clay. 

do. 
do. 

Sand, gray, brown, and 
white with gray clay to 
478. Clay, green, sandy 
478- 524 . 

do. 

do. 

do. 

Clay, soft, green. 
do. 

do . 

Clay, soft , green, with 
sand. 

Clay, green and brown, 
soft . 

do. 

do. 

do. 
Clay, sandy, tough, to 

707. Clay, sandy, green 
707- 735. 

Clay, sandy, green . 
Clay, tough, gray and 

green with black sand . 
Clay, dark gray, soft. 

Similar to above with decrease in sand to trace but no phosphate or 
shell fragments. 

Clay and sand, light-gray : 60 percent light-gray clay. 40 percent fine­
to coarse-grained angular to subrounded sand. Trace shell fragments, 
phosphate. Hard layer at 376 feet. 

Sand, medium-gray, medium- to coarse-grained, subrounded to 
rounded, water-polished. Trace dark-gray clay, phosphate, shell 
fragments. 

Similar to above with shell fragments prominent and a trace of 
glauconite. 

Sand, light-gray with brown tinge, coarse-grained, subangular to sub­
rounded. Light-brown shale fragments prominent. Trace glauconite 

Similar to above with glauconite prominent. 

No sample. 

Similar to above wit h sand brown-stained in part. 
Sand, light-gray, medium- to very coarse-grained, sub angular to 

subrounded, brown-stained in part. Trace shell fragments, brown 
(oxidized) glauconite, light-gray clay. 

Similar to above with sand mostly medium-grained and green to brown 
(oxidized) glauconite prominent. 

Sand, light-gray: 70 percent medium-grained subangular sand. 15 
percent coarse-grained sub rounded sand . 15 percent dark-green 
glauconite. Trace shell fragments, light-gray clay. 

Similar to above, but with 20 percent glauconite, and 10 percent 
medium-grained sand. 

Glauconit ic sand , medium-gray: 60 percent fine- to medium-grained 
subangular sand. 25 percent dark-green glauconite. 15 percent 
medium-gray clay matrix. Shell fragments prominent. Microfossils 
abundant. 

Similar to above with trace light-gray limestone part icles. 
Limestone, sand, and clay, light-gray: 50 percent light- to medium­

gray limestone. 25 percent medium- to coarse-grained sub rounded 
sand. 25 percent light-gray clay . Glauconite, shell fragments 
prominent. 

Similar to above with sand, fin e- to medium-grained . Microfossils 
abundant. 

Similar to above with 15 percent glauconite, 10 percent sand, and trace 
of phosp hate. 

Glauconitic clay, light-gray: 50 percent dark-green glauconite. 35 
percent light-gray clay matrix. 15 percent very fine- to fine-grained 
angular sand. 

Glauconitic clay, dark greenish-gray: 80 percent dark-green glauconite 
20 percent medium-gray clay matrix . Fine- to medium-grained sand 
prominent. Trace shell fragments . 

Glauconitic clay and sand, light greenish-gray : 40 percent light-gray 
clay matrix. 30 percent fin e- to medium-grained subangular sand. 
30 percent glauconite. Trace pyrite, shell fragments, very coarse­
grained sand. 

Similar to above with 40 percent glauconite and 30 percent clay. 
Glauconitic clay, medium-gray: 50 percent medium-gray clay matrix. 

40 percent glauconite. 10 per cent fine- to coarse-grained sand. Trace 
pyrite, shell fragments. 

Similar to above but with 60 percent clay, and 30 percent glauconite. 
Clay, light-gray, pure: glauconite, coarse-grained round sand prom­

inent. Trace pyrite, shell fragments. 
Clay, light-gray: 85 percent lift -gray clay matrix. 15 percent glauco­

nite . Fine-grained muscovite prominent. Trace coarse-grained sand, 
shell fragments. 
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Table 15. Lithologic logs of test holes-{Continued) 

Test hole Dor-Ce 77- (Continued) 
21 791 do. 

10 
11 

10 

10 
11 

20 
10 

11 
10 

31 

20 

10 

10 

11 

10 

10 
11 
20 

11 

10 

20 

801 
812 

822 

832 
843 

863 
873 

884 
894 

925 

945 

955 

965 

976 

986 

996 
1007 
1027 

1038 

1048 

1068 

do. 
Clay, dark gray, soft. 

do. 

do . 
Sand and clay , dark 

brown. 

do. 
do. 

Clay, gray. 
do. 

Clay, gray to 900. 
Clay, gray and sandy to 

924. 
Clay, sandy, green to 935. 
Clay, tough, gray and 

green, with black sand 
to 965. 

do. 

Clay, white, and red. 

Wood,965- 967. 
Sand, very coarse, white 

and pink 967- 976. 
Clay, red. 

Clay, tough. 
Clay, tough, red and gray. 
Clay, tough, red and gray 

to 1012. 
Clay, white to 1019. 
Clay, tough, red and 

white to 1038. 
Clay, tough, red and 

white. 
Clay, hard, green. 

Clay, hard, green to 1056. 
Sand, very fine, gray to 

1058. 

Clay, medium- to dark-gray, pure: glauconite, coarse-grained sand 
prominent. Trace pyrite, shell fragments, muscovite. 

Similar to above with very fine-grained angular sand prominent. 
Glauconitic clay and limestone, medium-gray: 40 percent medium­

gray clay. 30 percent light-gray limestone particles. 30 percent 
glauconite. Trace pyrite, shell fragments, coarse-grained sand. 

Glauconitic clay, medium greenish-gray: 60 percent glauconite. 25 
percent medium-gray clay matrix. 15 percent light-gray limestone 
particles (from 801- 812 foot interval) . Coarse-grained rounded 
brown-stained sand prominent. Trace shell fragments. 

Similar to above with 10 percent sand and 50 percent glauconite. 
~and and clay, dark-gray : 60 percent very coarse-grained rounded 

brown-stained sand. 20 percent dark-gray clay matrix. 10 percent 
glauconite. 10 percent fine- to medium-grained sand. 

Simil ar to above with 80 percent coarse-grained sand and trace of clay. 
Glauconitic sand, greenish-gray: 80 percent medium- to very coarse­

grained subrounded to rounded sand, brown-stained in part. 20 
percent glauconite. 'Trace dark-gray clay, shell fragments, pyrite. 

Similar to above with 30 percent glauconite and 70 percent sand. 
Glauconitic sand and clay, dark-gray: 40 percent green to brown 

(oxidited ) glauconite. 40 percent very coarse-grained round sand. 
20 percent dark-gray clay matrix. Fine-grained sand prominent. 
Trace shell fragm ents. 

Similar to above with sand medium- to very coarse-grained. 

Similar to above with trace muscovite, lignite. Drilled like tough clay. 

Glauconitic sand and clay, medium-gray: 50 percent very fine- to 
fine-grained angular to subangular sand. 35 percent medium-gray 
clay matrix. 15 percent glauconite (probably cavings). Reddish­
brown to brown siderite prominent. Trace lignite, coarse-grained 
sand, shell fragments . 

Sideritic sand, light-gray: 55 percent very fine- to fin e-grained angular 
to subangular sand. 30 percent brown to reddish-brown siderite. 
15 percent light-gray clay matrix. T race pyrite, phosphate, lignite, 
coarse-grained rounded sand. 

Sand, coarse- to very coarse-grained, light-gray, angular to subangular, 
frosted, clean. Trace pyrite, siderite, lignite. 

Gravel, light-gray. Fine-grained, subangular, frosted, well-sorted. 
Light-gray clay, reddish-brown to brown siderite prominent. 

Similar to above with trace pyrite. 
Similar to above with clay prominent and 10 percent siderite. 
Sand and gravel, light-gray: 65 percent very fine- to fine-grained 

angular to sub-angular sand. 20 percent fine-grained gravel. 15 
percent brown to reddish-brown siderite. Light-gray clay prominent. 
Trace shell fragments, hematite. 

Similar to above with decrease in gravel to trace, corresponding 
increase in clay and trace pyrite. 

Sideritic clay and sand, light-gray: 50 percent light-gray clay matrix. 
20 percent medium- to coarse-grained subangular sand. 30 percent 
reddish-brown to brown siderite. Trace hematite, shell fragments, 
phosphate. 

Siderit ic sand, light-gray: 65 percent fine-grained angular sand . 35 
percent reddish-brown to brown siderite. Light-gray clay prominent. 
Trace pyrite, hematite, shell fragments. 
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Table 15. Lithologic logs of test holes-(Continued) 

Test hole Dor-Ce 77- (Continued) 
Clay to 1073. 

20 1088 Clay to 1073. 

11 

10 

10 

18 

3 

20 

10 
21 

11 

10 

20 

21 

10 

10 

10 

10 

2 

19 

10 

1099 

1109 

1119 

1137 

1140 

1160 

1170 
1191 

1202 

1212 

1232 

1253 

1263 

1273 

1283 

1293 

1295 

1314 

1324 

Clay, very hard, green 
to 1109. 

do. 

do. 

Clay , green interlayered 
with gray clay , dark. 

do. 

Clay, light gray with 
wood to 11 61. 

Clay, light gray with 
wood . 

do. 
Clay, very hard, gray. 

Clay, yellow, wit h wood. 

Clay, sandy, light gray 
and wood. 

do . 

Sand fin e, light gray to 
1243. 

Ch.y, sandy, light gray 
to 1273 . 

do. 

do. 

Clay, tough , very hard, 
gray to 1290. Sand, 
coarse, white to 1294. 

do. 

do. 
Hard and crusty 1294-
1295. 

Rock, very hard 1295-
1296. Sand, coarse and 
medium, white to 1314. 

Clay, green. 

Sand, light-gray , fine-grained, well-sorted, subangular, clean. Siderita 
prominent. Trace hematite , phosphate, pyrite. 

Sand and clay, light-gray : 55 percent very fine- to fine-grained angular 
to subangular sand. 30 percent light-gray clay matrix. 15 percent 
reddish-brown to brown siderite. Trace pyrite, lignite, hematite, 
shell fragments. 

Sand and clay, light-gray: 50 per cent coarse- to very coarse-grained 
rounded sand . 30 percent light-gray clay matrix . 20 percent red­
dish-brown to brown siderite. Pyrite, lignite prominent. Trace 
hematite, shell fragments . 

No sample. 

Sand and clay, light-brown: 50 percent very fine- to medium-grained 
angular to subangular sand . 20 percent reddish-brown to brown 
siderite. 20 percent light-brown clay matrix . 10 percent hematite. 
Trace pyrite. 

Sideritic sand, light reddish-brown: 60 percent fine- to medium­
grained subangular sand . 30 percent reddish-brown to brown 
siderite. 10 percent hematite. Coarse-grained sand prominent. 
Trace pyrite, shell fragments, light-brown clay. 

Similar to above with 40 percent siderite and 45 percent sand. 

Similar to above with pyrite prominent . 
Sand and clay, light-gray: 65 percent very fine- to medium-grained 

angular to subangular sand. 35 percent light-gray clay matrix. 
Hematite, siderite prominent. Trace pyrite, lignite. 

Clay, sand, and siderite, yellow-brown: 50 percent yellow-brown 
clay matrix. 30 percent very fine- to very coarse-grained sand. 20 
percent brown to reddish-brown siderite. Hematite, pyrite prom­
inent. 

Sand and clay, light-gray: 75 percent very fine- to medium-grained 
angular to subangular sand . 25 percent light-gray clay matrix. 
H ematite, siderite, pyrite prominent . 

Sand and clay , light-gray: 65 percent very fine- to fine-grained angular 
sand. 35 percent light-gray clay matrix. Muscovite prominent. 
Trace hematite, pyrite, siderite. 

Sand, light-gray, fine- to medium-grained, angular to subangular. 
Siderite, light brownish-gray clay prominent. Trace muscovite, 
hematite . 

Sand, light-gray, medium- to coarse-grained, subangular to sub­
rounded, dean. Trace siderite. 

Similar to above with sideri te prominent. 

Sideritic sand and clay, light-brown : 60 percent fine- to coarse-grained 
angular to subrounded sand . 20 percent brown to redish-brown 
siderite. 20 percent light-brown clay matrix. Trace hematite, 
pyrite. 

Sand, light-brown, medium- to very coarse-grained, ,subangular to 
subrounded, clean. Trace light-brown clay, siderite, pyrite. 

Similar to above with siderite prominent . 

Sand, light-brown : 70 percent medium-grained subangular sand. 30 
percent coarse-grained sand. Trace light-brown clay, siderite. 

Sand, light-brown, medium- to coarse-grained, subangular to sub­
rounded. Trace light-brown clay, siderite, pyrite. 
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Table 1 s. Lithologic logs of test holes- (Continued) 

Test hole Dor-Ce 77- (Continued) 
10 1334 

10 1344 

n 1355 

20 1375 

10 1385 

10 1395 
8 1403 

4 1407 
10 1417 

31 1448 

10 1458 

20 1478 

10 1488 

17 1505 

Clay, hard, green and 
gray. 

Clay, tough, gray and 
white. 

do. 

Clay, sandy, light gray. 

do. 

do. 
Sand, crusty, gray and 

white . 
do. 

Clay, brown , to 1409. 
Clay, tough, red to 1424. 
Clay, red and white to 
1440. 

Clay and hard green 
crust 1440 to 1468. 

do. 

Same to 1468. 
Clay, very tough, gray 
from 1468 to 1488 . 

Clay, very tough, gray. 

-- ---------------- --- - - -

Similat to above with sand fine- to medium-grained . 

Similar to above with siderite prominent. 

Sand, light-brown, medium- to coarse-grained, subangular to sub­
rounded. Siderite, light-brown clay prominent. 

Similar to above with sand fine- to medium-grained. Trace hematite, 
pyrite. 

San d, light-gray, fine-grained, subangu lar, well sorted. Trace light­
gray clay, siderite, muscovite, pyrite. 

Similar to above with sand fi ne- to medium-grained. 
Sand, light-brown, medium-grained, subangular, well-sorted. Trace 

siderite, light-brown clay. 
~o sample. 
Sand and clay, light-brown: 75 percent fine-to medium-grained 

angular to subangular sand. 25 percent light-brown clay matrix. 
Siderite prominent. Trace lignite, hematite, muscovite. 

Similar to above with hematite prominent and trace of very coarse­
grained sand. 

Sand, light-red, fine-to medium-grained, angular to subangu.lar . 
Hematite, light-red clay, siderite prominent. Trace coarse-grained 
sand. 

Similar to above with no coarse-grained sand. 

Sand and clay, light red: 40 percent very fine- to fine-grained angular 
sand. 30 percent light-red clay matrix. 15 percent siderite, brown 
to reddish-brown, 15 percent hematite. Trace pyrite, 

Similar to above with fine-grained gravel prominent . Bottom of hole 
at 1505 ft . 

Test hole Dor-Cg 21: 6 miles west of Brookview. 

Thickness Depth to base 
(feet) (feet) 

Y2 Y2 
9Y2 10 
5 15 
5 20 
5 25 

25 50 
5 55 
5 60 
5 65 

30 95 
5 100 
5 105 
5 110 
5 115 
5 120 
5 125 
5 130 

10 140 

Lithology 

Sand, medium, yellow. 
Sand, medium to fine, with clay, gray . 
Sand, medium to fine, with clay, gray. 
Sand, medium with some fine, gray. 
Sand, medium, with some fine and some coarse, white . 
Sand, medium, with some fine, some coarse and some white gravel. 
Sand, coarse and medium, with some fine and some gravel, white. 
Gravel, with coarse and medium sand, orange brown. 
Gravel, with sand from fine to coarse , and clay, white. 
Sand from fine to coarse and gravel, orange brown. 
Sand, fine to coarse , with silt and gravel, orange brown . 
Sand, medium, with fine and coarse, and gravel , orange brown. 
Sand, medium and coarse, with some fine, orange brown. 
Sand, medium and coarse, with some fine, and gravel, orange brown. 
Sand, from fine to coarse, with gravel, silt, and clay, brown gray. 
Sand, medium and coarse, with some fine, and silt , gray . 
Shell fragments, brown gray. 
Sand, fine to coarse, with silt and clay . Bottom of hole at 140 ft . 

83 



Table 1 S. Lithologic logs of test holes-(Continued) 

Test hole Dor-Cg 22: 5 miles west-EOuthwest of Brookview. 

Thickness 
(feet) 

10 
5 

25 
5 

15 
10 
10 
10 
10 

5 
15 

Depth to base 
(feet) 

10 
15 
40 
45 
60 
70 
80 
90 

100 
105 
120 

Lithology 

Sand, fine to medium with clay and silt, gray. 
Sand, fine to coarse, with gravel and silt, gray. 
Sand, fine to coarse, with clay, silt, and gravel, orange brown. 
Sand, medium with fine; some clay, silt, and gravel, orange brown. 
Sand, fine to coarse, with gravel, silt, and clay, orange brown. 
Sand, medium, with fine and coarse, orange brown. 
Sand, medium and coarse, with fine, silt , and clay, brown. 
Sand, coarse to medium, with fine, silt, and clay, reddish yellow. 
Sand, coarse and medium, with fine; silt, clay, and gravel, reddish yellow. 
Sand, fine with medium and coarse; gravel and clay, blue gray. 
Clay, with fine to medium sand, gray. Bottom of hole at 120 ft. 

Test hole Dor-Ch 26: 2% miles southeast of Rhodesdale. 

Thickness Depth to base 
(feet) (feet) 

10 10 
5 15 
3 18 

12 30 
5 35 
5 40 
5 45 
5 50 

10 60 
5 65 
5 70 
5 75 
5 80 

20 100 

Lithology 

Sand, fine to medium, brown. 
Sand, fine and medium, with silt and clay, dark brown. 
Clay, silt, sand, and gravel, dark brown. 
Clay, silt, sand, and gravel, blue (layers of blue clay). 
Clay, silt, sand, and gravel, brown (brown sand with clay layer,. 
Clay, silt, and from fine to coarse brown sand with clay layers. 
Clay, silt, and sand from fine to coarse, blue to brown, alternating sand and clay layers. 
Clay, with sand, medium, and gravel, blue and brown. 
Clay, soft, with sand medium and gravel, gray. 
Clay, gray, with brown sand, medium, and gravel in a layer . 
Clay, some in balls, with silt and sand, some gravel, blue to brown. 
Sand, clay, silt, gravel, brown. 
Clay and gravel, with silt and sand, blue and brown. 
Clay and some silt, blue. Bottom of hole at 100 ft . 

Test hole Dor-Ch 27 : 2 Y2 miles northeast of Vienna. 

Thickness Depth to base 
(feet) (feet) 

5 5 
5 10 
5 15 

10 25 
15 45 

5 50 
5 55 

30 85 
25 110 

Lithology 

Sand and silt with some clay, yellow brown. 
Sand, fine to coarse, with gravel and some silt , yellow brown. 
Sand, fine to coarse, with gravel and some silt, light brown. 
Sand, fine to coarse, with gravel and some silt, light gray. 
Sand, fine and medium with some coarse, with a little gravel and silt, orange brown. 
Sand, fine to medium, with a little silt, orange brown. 
Sand, fine to coarse, with a little silt and gravel, orange brown. 
Sand, coarse with fine and medium, and some gravel and silt, rust brown. 
Clay with some silt, blue. Bottom of hole at 110 ft. 
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Table 15. Lithologic logs of test holes-(Continued) 

Test hole Tal·De 16: 5 Y2 miles south of Easton, at Hambleton. 
Thickness Depth to base 

(feet) (feet) 

10 

13 
14 

8 

10 

10 

10 

11 

10 

6 

4 

10 

11 

10 

10 

10 

10 

10 

11 

52 

10 

10 

23 
37 

45 

55 

65 

75 

86 

96 

102 

106 

116 

127 

137 

147 

157 

167 

177 

188 

240 

250 

Driller's log (feet) 

Sand, gravel, and some 
clay, brown. 

do. 
do. 

Clay, gray, sandy. 

do. 

Clay, sand, and shells, 
gray . 

Clay, sand, and shell, 
gray. 

do. 

do. 

do. 

Clay, green, and shells. 

do. 

Sand, fine, and some 
clay, gray. 

do. 

do. 

do . 

Same to 163. 
Shells and some sand, 

crusty and gray 
163- 170. 

Clay, green, with streaks 
of shells to 358. 

do. 

do. 

Clay, green, with streaks 
of shell. 

I See discussion of these data in preceding text. 

Lithology 

Sample description I 

Sand and gravel, tan: 75 percent coarse-grained roundEd sand. 25 
percent fine-grained rounded gravel. Trace white feldspar, tan clay. 

Similar to above with 85 percent sand. 
Sand, tan, medium- to coarse-grained, subangular to subrounded. 

Trace hematite, white feldspar, fine-grained gravel, tan clay. 
Sand, medium-gray, medium-grained, subangular to subrounded, 

well-sorted. Medium-gray clay prominent . Trace hematite, fine­
grained gravel. 

Similar to above with 20 percent clay. Gravel prominent. Trace of 
brown clay. 

Sand and clay, gray to brown: 65 percent fine- to medium-grained 
sub angular to subrounded sand. 20 percent medium-gray clay. 
15 percent brown clay. Trace shell fragments, phosphate. 

Shell and sand, light-gray : 80 percent coarse broken water-worn 
shell hash. 20 percent fine-grained rounded water-polished sand. 
Trace phosphate. 

Shell hash, light-gray; very coarse fragments. Trace fine-grained 
rounded gravel. 

Sand and shell, light-gray: 65 percent fine- to medium-grained sub­
angular to sub rounded sand. 35 percent shell fragments. White 
limestone particles prominent. 

Sandy shell limestone, light-gray: 50 percent white to light-gray soft 
limestone matrix. 30 percent shell fragments. 20 percent fine­
grained subrounded sand. 

Clay, light-gray, calcareous, pure. Shell fragments, fine-grained sub­
rounded sand prominent. 

Sand and clay, light-gray: 55 percent fine- to medium-grained sub­
angular to subrounded sand. 30 percent light-gray clay matrix. 
15 percent shell fragments. Trace phosphate. 

Sand, light-gray, fine-grained, subangular to subrounded, well-sorted. 
Shell fragments, phosphate prominent. 

Similar to above with sand fine- to medium-grained. Decrease 
phosphate to trace. 

Sand, light-gray, very fine- to medium-grained, angular to subangular. 
Shell fragments, fine-grained gravel, light-gray clay prominent. 
Trace phosphate. 

Sand, light-gray, fine- to medium-grained, subangular to sub rounded, 
water-polished in part. Trace shell fragments, phosphate, coarse­
grained sand. 

Diatomaceous clay and sand, light-gray: 60 percent light-gray clay 
matrix. 40 percent very fine- to fine-gra ined angular to subangular 
sand. Diatoms prominent. Trace coarse-grained sand, shell frag­
ments. 

Diatomaceous clay and sand, light-gray: 80 percent light-gray dia­
tomaceous clay. 20 percent very fine- to fine-grained subangular 
sand. Trace shell fragments. 

Diatomaceous clay, light-gray: Very fine- to coarse-grained angular 
to sub rounded sand prominent. Trace shell fragments. 

Diatomaceous clay, light-gray: Trace very fine-grained subangular 
to angular sand . 

Diatomaceous clay and sand, light-gray: 80 percent light-gray dia­
tomaceous clay. 20 percent fine-grained subangular to subrounded 
sand. Trace phosphate. 
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Table 15. Lithologic logs of test holes-(Continued) 

Test hole Tal-De 16-(Continued) 

10 
41 

10 

11 
10 

10 
10 

10 

21 

10 
10 

32 
30 

21 

10 

8 

10 
10 

12 
10 

10 

10 

12 
10 

30 
31 

21 

260 
301 

311 

322 
332 

342 
352 

362 

383 

393 
403 

435 
465 

486 

496 

504 

514 
524 

536 
546 

556 

566 

578 
588 

618 
649 

670 

do. 
do. 

do. 

do. 
do. 

do. 
do. 

Clay, green, with streaks 
of shell to 358. 

Sand, gray to 402. 
do. 

do. 
do. 

Hard rock, 402 to 403. 
Sand, gray. 
Sand, black, and brown 

with clay. 
Clay, green with crusty 

layers. 
do. 

Clay, green with crusty 
layers. 

Clay, green. 
do. 

do. 
do. 

do. 

do. 

do. 
do. 

do. 
do. 

do. 

No sample. 
Similar to above with sand very fine-grained, well-sorted and a trace 

of shell fragments. 
Diatomaceous clay and sand, light-gray: 75 percent light-gray dia­

tomaceous clay. 25 percent medium- to coarse-grained subrounded 
water-polished sand. Trace phosphate. 

Similar to above with sand fine- to coarse-grained. 
Diatomaceous clay, light-gray: Medium- to coarse-grained subangular 

to subrounded sand prominent. 
Similar to above but diatoms more abundant. 
Diatomaceous clay and sand, light-gray: 75 percent light-gray dia­

tomaceous clay. 25 percent medium- to coarse-grained sub rounded 
water-polished sand. Trace shell fragments, phosphate. 

Sand and clay, light-gray: 65 percent medium to coarse-grained sub­
rounded water-polished sand. 35 percent light-gray clay. Trace 
phosphate. 

Sand, light-gray, medium-to coarse-grained, subangular to rounded, 
water-polished. Glauconite prominent. Trace light-gray clay. 

Similar to above with trace of shell fragments. 
Similar to above but with sand coarse to very coarse-grained, green­

stained in part. 
Similar to above with sand medium- to coarse-grained. No green stain. 
Similar to above with shell fragments prominent. 

Similar to above with 20 percent shell. Clay prominent. 

Sand and clay, light-gray: 40 percent fine- to medium-grained sub­
angular sand. 40 percent light-gray clay matrix. 20 percent shell 
fragments. Tan clay prominent Trace glauconite, brown limestone 
particles. 

Limestone and clay, light-gray: 45 percent light-grown limestone. 
40 percent light-gray clay. 15 percent shell fragments. Trace 
coarse-grained rounded sand. Microfossils very abundant. 

Similar to above with fine-grained sand prominent. 
Glauconitic clay, medium-gray : 70 percent black to very dark-green 

glauconite. 30 percent medium-gray clay matrix. Coarse-grained 
subrounded sand prominent. Trace shell fragments. 

Similar to above with 80 percent sand. 
Glauconitic clay and limestone, medium-gray: 40 percent dark-green 

glauconite. 30 percent medium-gray clay matrix. 20 percent medium­
gray limestone. 10 percent coarse-grained rounded water-polished 
sand. 

Similar to above with 30 percent limestone and 30 percent dark-green 
glauconite. Microfossils very abundant. 

Glauconit ic clay and limestone medium-gray: 45 percent medium-gray 
clay matrix. 30 percent medium-gray limestone. 15 percent dark­
green glauconite. 10 percent coarse-grained rounded water-polished 
sand. 

Same as 546-556 foot interval. 
Glauconitic clay, medium-gray: 55 percent glauconite. 30 percent 

light-gray clay matrix. 15 percent very fine- ' to coarse-grained 
subangular to rounded sand. Microfossils abundant. Trace shell 
fragments, pyrite. 

Similar to above with 20 percent sand and 50 percent glauconite. 
Glauconitic sand, medium-gray: 60 percent medium-grained sub­

angular sand. 25 percent dark-green glauconite. 15 percent medium­
gray clay. Microfossils abundant. Trace shell fragments. 

Similar to above with increase in clay to 50 percent, decrease in sand 
to 25 percent. 

86 



Table 15. Lithologic logs of test holes-{Continued) 

Test hole Tal-De 16-(Continued) 
10 680 do. 

23 

20 

20 

20 
30 

22 

10 

10 

41 

21 

10 

10 

21 

10 

10 
21 

10 

10 

11 

20 

8 

703 

723 

743 

763 
793 

815 

825 

835 

876 

897 

907 

917 

938 

948 

958 
979 

989 

999 

1010 

1030 

1038 

do. 

Clay, green and brown. 

Same to 733. 
Clay, green to 763. 

do . 
Clay, green and gray 

with crusty layers. 
Clay, sandy, gray and 

brown. 

Clay, sandy, gray and 
brown. 

do. 

Same to 855. 
Clay, sandy, dark gray 

with shells 855-908. 
do. 

do. 

Sand, brown, with shells. 

do. 

do. 

do. 
Clay, sandy, dark gray . 

do. 

Crusty and very hard. 

Clay, sandy, gray. 

do. 

do. 

Glauconitic sand, light-gray : 40 percent light-gray clay. 40 percent 
fine-grained angular sand. 20 percent glauconite. Microfossils very 
abundant. Trace fine-grained gravel. 

Glauconitic clay, light-gray : 80 percent light-gray clay. 20 percent 
glauconite. Trace coarse-grained rounded sand. 

Clay and sand, light-gray : 75 percent light-gray clay. 25 percent very 
fine-grained angular sand. Coarse-grained sand prominent. Trace 
glauconite, large Nodosaria affinis. 

Sand and clay, light-gray: 60 percent light-gray clay. 20 percent fine­
grained angular sand. 20 percent coarse-grained rounded sand. 
Glauconite prominent. Trace large Nodosaria affinis. 

Same as above with a trace of pyrite. 
Similar to above with 40 percent fine-grained sand and 40 percent clay. 

Limestone, light-gray, medium crystalline, poorly indurated. Glau­
conite, fine- to coarse-grained sand prominent. Microfossils abun­
dant. Trace shell fragments. 

Glauconitic limestone, greenish-gray: 55 percent white very fine 
crystalline poorly-indurated limestone matrix. 45 percent glauconite. 
Very fine-grained angular sand prominent. Trace shell fragments. 

Similar to above with 65 percent glauconite. 35 percent limestone. 
Trace phosphate. 

Glauconitic sand, greenish-gray: 65 percent medium- to coarse­
grained subrounded sand. 35 percent very light-green to black 
glauconite. Light-gray clay prominent. T race shell fragments. 

Glauconitic sand, medium-gray: 80 percent fine- to medium-grain 3d 
sub angular sand. 20 percent glauconite. Trace pyrite, shell frag­
ments, light-gray clay. 

Similar to 876-897 foot interval but with 25 percent glauconite and 
75 percent sand. Coarse-grained rounded sand prominent. 

Glauconitic sand, medium-gray: 60 percent very fine- to medium­
grained angular to subangular sand. 20 percent coarse-grained 
rounded limonite-stained sand. 20 percent glauconite. Gray clay 
prominent. 

Sand, light-gray : 65 percent coarse-grained rounded to subrounded 
limonite-stained sand. 35 percent very fine-grained angular sand. 

Glauconite prominent. Trace shell fragments. 
Sand, light-gray, very fine- to coarse-grained, angular to subrounded. 

Trace glauconite, limonite-stained sand, shell fragments. 
Similar to 938-948 above with glauconite prominent. 
Sand, light-gray, medium- to very coarse-grained, sub angular to 

rounded, water-polished, limonite-stained in part. Very fine­
grained angular sand prominent. Trace glauconite, phosphate, 
shell fragments . 

Glauconitic sand, light-gray : 80 percent fine- to medium-grained 
angular to subangular sand. 20 percent brown glauconite (oxidized) 
Coarse-grained rounded sand prominent . Trace pyrite. 

Sand, light-gray: 50 percent very fine- to fine-grained angular to sub­
angular sand. 50 percent coarse-grained rounded sand. Brown 
(oxidized) glauconite prominent. T race shell fragments. 

Similar to above with 80 percent coarse-grained sand and 20 percent 
fine-grained sand. Medium-gray clay prominent. 

Glauconitic sand, medium-gray: 55 percent very fine- to fine-grained 
angular to subangular sand. 30 percent brown (oxidized) glauconite. 
15 percent medium-gray clay matrix. Coarse-grained rounded sand 
prominent. Trace pyrite. 

Sand, medium-gray: 40 percent very fine- to fine-grained angular to 
subangular sand. 30 percent coarse-grained rounded sand. 15 
percent brown (oxidized) to black glauconite. 15 percent medium­
gray clay matrix. Trace shell fragments. 
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Table 15. Lithologic logs of test holes-(Continued) 

Test hole Tal-De 16-(Colltillued) 

10 1048 
10 1058 

12 

10 

10 

10 

11 

10 
10 

10 

10 

21 

35 

10 

16 

20 

10 

20 

14 

1070 

1080 

1090 

1100 

1111 

1121 
1131 

1141 

1151 

1172 

1207 

1217 

1233 

1253 

1263 

1283 

1297 

do. 
Clay, gray and green, 

with streaks of brown 
sand and some wood. 

Clay, gray and green 
with streaks of brown 
sand and some wood. 

do . 

Clay, gray and green. 

do . 

Same to 1106. 
Sand, white and gray, 

with some wood from 
1106- 112l. 

do. 
Sand, white, pink, red, 

with some green clay 
and wood. 

do. 

do. 

Clay, green . 

Clay green, to 1181. 
Clay, dark gray 1181-
1203. Clay, tough, green 
1203-1279. 

Clay, tough green. 

do . 

do. 

do. 

Same to 1279. 
Clay, tough, red, gray, 
green to 1350. 

do. 

Similar to above. Add trace lignite. 
Sand, light-gray: 65 percent fine- to medium-grained angular to 

subangular sand. 35 percent coarse- to very coarse-grained rounded 
sand. Trace glauconite, pyrite. 

Sand, medium-gray: 45 percent fine-grained to subangular sand. 30 
percent coarse-grained rounded sand. 15 percent pyrite. 10 percent 
brown clay. Lignite prominent. Trace glauconite, shell fragments, 
lightgray clay. 

Similar to above with 10 percent lignite and 20 percent coarse­
grained sand. 

Clay and sand, medium-gray: 45 percent medium-gray clay matrix. 
30 percent fine-grained sub angular sand. 15 percent lignite. 10 
percent brown (oxidized) to dark-green glauconite. Coarse-grained 
rounded sand prominent. Trace pyrite. 

Sideritic sand, medium-gray: 65 percent fine- to medium-grained 
subangular sand. 25 percent light-brown siderite. 10 percent bright­
green glauconite. Coarse-grained sand prominent. Trace lignite, 
pyrite. 

Sand, light-gray, medium- to coarse-grained, angular to sub angular, 
frosted, clean. Trace light-brown siderite, pyrite. 

Similar to above with fine- to medium-grained sand. 
No sample. 

Sand, pink: 85 percent coarse-grained subangular to subrounded 
sand. 15 percent light-brown siderite. Trace shell fragments, pyrite. 

Similar to above with 25 percent siderite and 75 percent sand. Hema­
tite, light-gray clay prominent. 

Sideritic sand, light-gray : 65 percent fine- to very coarse-grained 
angular to subrounded sand. 25 percent light-brown siderite. 
10 percent hematite. Medium-gray clay prominent. Trace shell 
fragments, pyrite. 

Glauconitic clay, light-gray: 65 percent light-gray clay. 20 percent 
bright-green glauconite. 15 percent hematite. Trace fine-grained 

sand, light-brown siderite. Glauconite probably cavings. 

Hematitic sand and clay, pink: 35 percent pink to light-gray clay 
matrix . 25 percent hematite. 20 percent glauconite (probably 
cavings). 20 percent fine- to medium-grained subangular ~and . 

Trace light-brown siderite, coarse-grained sand. 
Glauconitic clay, light-gray: 80 percent light-green clay. 20 percent 

bright-green glauconite (probably cavings). Hematite, very fine­
grained sand prominent . Trace light-brown siderite, coarse-grained 
rounded sand. 

Sideritic clay, light-gray: 35 percent light-brown siderite. 30 percent 
hematite. 25 percent light-gray clay . 10 percent glauconite (probably 
cavings). Fine-grained sand prominent. Trace pyrite, coarse­
grained sand. 

Clay and sand , light-gray: 60 percent light-gray clay. 40 percent 
very fine-grained angular sand. Hematite prominent. Trace mus­
covite. 

Similar to above with 15 percent hematite and 45 percent clay. 
Trace light-brown siderite, pyrite. 

Hematitic clay, gray with pink tinge: 35 percent pink to light-gray 
clay. 30 percent hematite . 20 percent fine- to coarse-grained angular 
to subrounded sand. 15 percent glauconite (probably cavings). 
Trace shell fragments, light-brown siderite, gravel. 
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Table 1 S. Lithologic logs of test holes-(Continued) 

Test hole Tal-De 16--(Continued) 

10 1307 Clay, tough, red, gray, Similar to above with 30 percent sand and 20 percent hematite. 

29 
10 

10 

31 

12 

20 

10 
10 

10 

10 
10 

22 

21 

10 

1336 
1346 

1356 

1387 

1399 

1419 

1429 
1439 

1449 

1459 
1469 

1491 

1512 

1522 

green. 
do. 
do. 

Same to 1350. 
Rock and hard, crusty 
layers, 1350-1357. 

Clay, red, with some gray 
and white fine sand. 

do. 

No sample. 
Sand, pink, fine-grained, angular to subangular, frosted, fairly well­

sorted . Hematite, light-brown siderite prominent. Trace pyrite, 
coarse-grained sand, pink clay. 

Similar to above with increase in siderite to 20 percent, corresponding 
decrease in sand. 

Cuttings similar to above. 

Sand, gray with pink cast, medium-grained, subangular, well-sorted, 
frosted. Light-brown siderite prominent. Trace light-gray clay 
with pink cast, hematite. 

Sand, fine, white and Sand, light-gray with pink cast, very fine-to fine-grained, angular 
gray to 1412. Clay, to subanglllar, Light-brown siderite prominent. Trace hematite, 
red, 1412 to 1429. light-gray clay with pink cast. 

do. Similar to above v.-ith decrease in siderite to trace. 
Clay, gray to 1432. Similar to above with clay prominent. Trace pyrite, muscovite. 

Hard, crusty layer 1432-
1436. Clay, gray, red, & 
brown with mica 1436-
1460. 

Clay, gray, red, and 
brown with mica. 

do. 
Sand, fine, white and 

gray. 
do. 

Sand, medium, brown and 
white. 

Sand, medium, brown and 
white to 1518, clay 
1518-1522. 

Similar to above with siderite prominent. 

Same as 1429-1439-foot interval. 
Sand, light-gray with pink cast, fine- to medium-grained, subangular. 

Trace light-gray to pink clay, hematite, light-brown siderite. 
Sand, light-gray with pink tinge, fine-grained, angular to subangular .. 

well-sorted. Light-gray to pink clay prominent. Trace light-brown 
siderite, hematite. 

Sand, light-gray with a pink cast, fine- to medium-grained, subangular 
to subrounded. Light-gray clay with pink cast prominent. Trace 
light-brown siderite. 

Sand and clay, light-gray with pink cast : 80 percent fine- to medium­
grained angular to subangular sand. 20 percent li ght-gra.y clay 
with pink cast. Trace hematite, light-brown siderite. Bottom of 
hole at 1522 ft. 

Test hole Tal·De 18: 2 miles south of Easton. 
Thickness Depth to base Lithology 

(feet) (feet) 

5 
10 
18 
19 
52 
9 
1 

23 
1 

17 
10 
11 
6 
4 

13 
2 
5 

31 
3 

5 
15 
33 
52 

104 
113 
114 
137 
138 
155 
165 
176 
182 
186 
199 
201 
206 
237 
240 

Clay, sandy, brown. 
Clay, tan color. 
Clay, gray. 
Clay and some fine sand, gray green. 
Clay, gray green and shell fragments. 
Clay, green r nd brown with shell fragments. 
Shell layer in tough clay, crusty. 
Sand fine, and shell fragments, gray green. 
Crusty, hard. 
Sand, fine to medium, shell fragments, gray green. 
Sand and clay, gray green. 
Sand, fine to medium, and clay gray. 
Sand, medium, and clay gray. 
Clay, soft, green gray. 
Clay, sandy, soft green gray. 
Hard, cemented layer. 
Sand with clay, and shell fragments, olive gray. 
Clay, sandy, and shell fragments, olive gray. 
Clay and sand interbedded, brown, green gray. 
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Table 15. Lithologic logs of test holes-(Continued) 

Test hole Tal-De 18- (Continued) 

18 258 
51 309 
11 320 
1 321 
7 328 
1 329 

11 340 
10 350 
15 365 
36 401 
10 411 
11 422 
20 442 
11 453 
20 473 

114 587 
45 632 

5 637 
7 644 

35 679 
31 710 
10 720 
11 731 

5 736 
2 738 
3 741 
1 742 
4 746 

Yz 746Yz 
4Yz 751 

11 762 
10 772 
11 783 
10 793 
10 803 
10 813 
20 833 
11 844 
31 875 
9 884 

21 905 
1 906 

10 916 
20 936 

102 1038 
6 1044 

19 1063 
7 1070 

10 1080 
10 1090 
10 1100 
13 1113 
7 1120 

21 1141 
20 1161 

11 1172 
10 1182 
21 1203 

Clay, sandy, olive green gray. 
Clay, silty, olive green gray. 
Clay, sandy and silty, olive green gray. 
Rock, consolidated layer, hard. 
Sand, medium to coarse, with shell fragments, gray. 
Rock, consolidated, hard. 
Sand, medium to coarse, with shell fragments, gray green. 
Sand, fine to medium, with shell fragments, gray green. 
Sand and clay with shell fragments, gray green. 
Clay and sand, fine, tough, gray green. 
Clay and sand, fine, glauconitic, gray green. 
Sand, medium to coarse, in clayey matrix, dark green to black particles. 
Sand, medium, in clayey matrix, glauccnitic, dark green to black. 
Sand, fine to medium, in greenish gray clayey matrix, black grains abundant. 
Sand, fine, in greenish gray clay matrix, abundant black grains. 
Clay, gritty, tough, gray green, black grains. 
Clay, silty, tough, greenish gray, glauconitic (poor recovery of samples). 
Sand, brown and black with shells. 
Sand, fine, olive green. 
Sand, medium to coarse, few shells, brown and black. 
Clay, sandy, olive green. 
Clay, sandy, olive green, crusty layers. 
Clay, olive green with streaks of white, with thin layers of sand which is coarse to fine, black. 
Similar to 720-731, but very fossiliferous. 
Rock, consolidated layer, very hard. 
Clay, sandy, gray and white; sand is very fine and fossiliferous. 
Rock, consolidated layer, very hard. 
Clay, gray to white, sandy. 
Rock, consolidated layer, very hard. 
Sand, gray and white, with crusty layers, very fossiliferous. 
Clay, sandy, gray to white, very hard drilling, very fossiliferous. 
Clay, sandy, gray, tough, fossiliferous, noticeable black sand. 
Clay, sandy, gray, black sand prominent. 
Sand, with clay, black to gray clay. 
Sand, with clay, dark brown. 
Sand, with clay, (sand very fine, black), (clay green, dark to light brown, gray and white). 
Clay, with sand, predominantly green, tough. 
Clay, green, with fine black and brown sand. 
Sand, fine to medium, brown and black, with green to dark brown clay; drilled fast. 
Clay, tough to soft, green to white. 
Sand, fine, with clay, dark green, very glauconitic. 
Rock, consolidated layer, hard. 
Sand, fine to medium, thin consolidated layers, brownish gray, glauconitic. 
Sand, fine to medium, greenish gray, less glauconitic, 80-90 percent quartz; easy drilling. 
Clay, olive green, with scme lignite and sand, slow drilling, some hard layers. 
Similar to 936-1038 but contains much lignite. 
Sand, quartz, medium, white and gray, with lignite. 
Clay, light brown and olive green, with lignite, and some fine to medium sand. 
Similar to sample from 1063-1070, but includes more lignite. 
Clay, hard. 
Sand and clay, hard layers. 
Clay, soft, gray, with lignite. 
Clay, tough, gray, hard layers. 
Clay (white and light gray, soft), with thin layers of brown and white sand, some lignite. 
Clay (white and gray with streaks of red), with layers of fine to medium sand composed of white 

and pink grains. 
Clay (olive green, tough), with fine black and white sand. 
Clay, red and white, tough . 
Clay and sand, light gray to pink, abundant white, medium grained spherical particles (?). 
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Table 1 S. Lithologic logs of test holes-(Continued) 

Test hole Tal-De 18-(Continued) 

10 
10 
51 
11 
65 
16 
42 
10 
32 
25 
18 

1213 
1223 
1274 
1285 
1350 
1366 
1408 
1418 
1450 
1475 
1493 

Similar to 1182-1203 interval, soft. 
Sand, fine to medium, spherical particles (?) common. 
Clay, red and white, tough. 
Clay, sandy, light brown and white, poor recovery. 
Clay, gray brown, very tough ; poor recovery. 
Sand; none recovered; drilled easy. 
Clay, red, brown, and white, very tough. 
Clay and sand; drilled easy. 
Sand; none recovered; drilled fast. 
Sand with layers of clay; none recovered; drilled fast. 
Clay and sand; none recovered. Bottom of hole at 1493 ft. 
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Tab le 16. Records of selected wel ls. 

Well State 
number permit Owner or name 
State number 

of 
De1-

aware 

Je 32-4 U.S . Air Force 

Je 32-5 do. 

Care-

Dd 2 - City of Denton 

Fe 28 42053 Fuchs Farms 

Fd 1 - Town of Federalsburg 

Fd 2 - do. 

Accuracy of l and surface da tum 

1 Instrument level , accura te to 0.5 ft . 
3 From tope map, accurs te to 5 ft. 
4 From tepo map, accura te to 10 ft. 
5 From tope map, accurate to 20 ft. 

~ ]- " ...-It !3 
~~ .... 'it 0 

Driller e 
g .. ~ 

'" 0 
~~ . . " ~ ·rl " ~ .... , 
M. 

'" '" 

C. W. Lauman 1957 23 4 

25 4 

Stat e of Maryland 

Caroline County 

Shannahan Art. Well Co . 1938 35 5 

E. R. Kauffman 1961 50 5 

Kelley Hell Co . 1928 35 5 

do. 1928 35 5 

G Grave l wall, commercial screen 
o Open end 
S Screen 
T Sand point 
X Open hole in aquifer 
Z Other 

92 

'" . ·rl 

~ 

G 

-

-

G 

S 

S 

'" M 

~ --4 
M 

-.: ~ 
:;1 .... ";; >-:;; 
" o • 

'" ..... .d 
0.1: " 0 .... 

t~ 0 "'-'Po '" ~ 0 8 z . 
" 

H 391 6- 4 

575 

H 402 8 

R 64 17 

- 45 24 

- 46 24 

Method of Drilling 

D Dug 
H Hydraulic-rotary 
J Je tted 
R Reve rse rotary 
V Driven 

Po :f ~-:; 
o J..o • .-l ;:: ~ '" .... 0 • " ,j..) c 5 ....... g~ .... " 

" 0 .. .... ~:j ...... ..... 
(1) M 0 QI OM !e '" 0 .... 0 
::Jlile- Z"' .... 0 • 0 ............ "'" ........ 
.... 0 .... " 8- • M 0 " '" p ~ 0 

- 338 30 

H 

- - H 

+50 64 Q 

+14 24 Q 

+12 23 Q 

INa ter-bearing 
formation 

C Raritan 
D Magothy 
E Ma t awan 
G Aquia 
II Piney Point 
I Cal vert 
K Choptank 
L St. Marys 
P Pliocene 
Q Pl eistocene 
R Holocene 



Wa ter levels ~ - above or below · .:! Date sea level 
( fee t) 0 · 0 

'0 

~ 
> 

" Sta tic Pumping · 0 ~ ,5 

'" 

3 57 + 5" 25 

- 63 

- - - - -

4 61 +44 +4 40 

7 48 +19- - -

7 48 +22m - -

Accuracy for dra .... down 

o Measured , accurate to 
within 1 foot 

From driller ' s log 
Estimated 
Reported 

Water levels 

m measured 

0 

i '0 • 8- t;>.g 
~ E • > 

5. " . 
~.a "0 

.-< 

~ . « " ," .£ >- g 

211 12 

1000 

- - -

1300 2 3 

- - 0 

- - -

Use of water 

C Commercial 
Domestic 
Irriga t ion 
Industrial 

P Public supply 
S Stock supply 
T Institutional 
U Unused 

~ ~ '" t- o 0 

~ l ~ 
p 0 

'" . E H 

a- " . 2 ~ il 8. 5 .~ 
~ .. .-< u.::: ~ 

.~ 0 8-. j 
C~ .~ 

latitude Long itude Remarks . E " 
» 

" e': E u 
ocr-- => 

. . 
:i: " " ~ j 1L .? . 

" 
Ul 

8.5 61.5 N 39·07 ' 39" 75°28 ' 59" 1 a , c . Lo £ged to 1422 feet. 
Observa tion well. 

9 .6- 5.6 T N - 39·07' 39" 75·28 ' 58" 1 a . Logged to 620 feet . Owner's 
;,rell D. 

State of Maryl and 

Caroline County 

- p 63 T 

32 I - -

- p 60 p 

- p 60 p 

Pumping eguiJX!len t 

C Centrifuga l 
J Jet 
N None 
P Piston 
S Submergible 
T 'furbine 

5 

-

5 

5 

38°53' 75·50 ' - 4 b. 

380 41 ' 56" 75°52 '20" 1 1 

38·41 ' 75·46 ' 1 4 ~Care-Fd 1 and Fd 2 t ogether 

38·41 ' 
yielded 500 gpo on 4/6/50 

75°46' 2 4 with 12 f t. of dra wdown i n 
Fd 1 after 10 hrB . pumping. 

Pumping power ~ 

93 

Hand a ~lectric log available 
Gasoline b Chemical analysi s available 
Electricity c Gamma l og availabl e 

Accuracy La t Long 

Accura te to within one sec ond 
Accura te to within ten seconds 
Accura te to within one minute 

I ... 'ell 
number 
State 

of 
Del-

awar e 

e 32- 4 

e 32- 5 

Care-

Dd 2 

Fe 28 

Fd 1 

Fd 2 



Table 16 . Records of selected wells 

Well 
numbe 

Dor-

Ag 5 

Ah 3 

Bb 11 

Bb 12 

Be 5 

Bd 2 

State 
permit 
number 

5859 

Bd 10 065<182 

Bf 1 

Bf 20 

Bf 24 

Bf 25 

Bf 27 

Bf 29 

Bg 18 

Bg 32 

Bg 33 

Bg 36 

Bg 37 

12567 

21806 

40214 

Bg 38 O65W75 

Bg 39 

Bg 48 

Bg 55 

Bh 6 

Bh 7 

56187 

3942<l 

37021 

Bh 9 O66W71 

Bh 10 0661170 

Bh 11 O66w72 

Owner or name 

Norman Trice 

u.s. Geological Survey 

Wal ter W. KorpDall 

Robert Carpenter 

~1elvin Hurl ey 

Carleton Slagle 

Allen Evans 

Town of Secretary 

do. 

U. S. Geological Survey 

do. 

do. 

do. 

do. 

American stores Co. 

U. S. Geological Survey 

North Dorchester High 
School 

John Wright Cannery 

Inspection Farms, Inc . 

Albert Frosch 

Mr . Hurlock 

American Stores Co. 

Donald E. Wheatley 

Lehman Baily 

U. S . Geol ogical Survey 

do . 

do. 

Accuracy of l a nd surface datum 

1 Instrument level, accurate to 0 . 5 ft. 
3 From tapo map , accurate to 5 ft. 
4 From tapa map, accurate to 10 ft . 
5 From tope map, accurate t o 20 ft. 

Driller 

36 5 T V Q 

R. K. Baldwin 1953 35 5 - J 557 4 

VIm . R. Glazier 1964 

1962 

5 S J 502 2>'>-1J>- -487 10 G 
1)4' 

Leon Jarrett 5 S J 880 4-2>'>-1» - 855 20 D 

do. 1950 

Shannahan Art. Well Co. 1904 

Leon Jarrett 

Shannahan Art. Well Co . 

A. Wheatley 

R. K. Baldwin 

do. 

do . 

do. 

do . 

Sam Shannahan Well Co . 

Shannahan Art . Well Co. 

Leon Jarrett 

E. R. Kauffman 

do . 

do. 

Sam Shannahan Well Co. 

E. R. Kauffman 

Kemp Adams 

E. R. Kauffman 

do. 

do. 

1965 

1936 

1920 

1953 

1953 

1953 

1953 

1953 

1953 

1955 

1962 

1964 

1960 

1960 

1964 

1965 

3 5 S J 

1 5 - S 

10 5 S J 

27 

4 

35 

35 

45 

40 

40 

40 

40 

47 

42 

5 - S 

5 - J 

5 - J 

5 - J 

5 - J 

5 - J 

5 - J 

5 S J 

5 S H 

5 S J 

5 G R 

43 5 G R 

49 

46 

41 

31 

42 

5 G R 

5 T V 

5 S J 

5 G R 

5 - -

45 5 - H 

50 5 - H 

20 5 - H 

560 

231 m 6 

646 

471 

168 

301 

39 

21 

210 

361 

83 

90 

248 

68 

90 

85 

40 

96 

94 

48 

100 

60 

140 

4- 2 

8-6 

1» 

4 

4- 3 

17 

17 

22 

12 

17 

Method of Drilling 

G Grave l wall, commercial scr een 
o Open end 

D Dug 
H Hyd raulic-ro ta ry 
J Jetted S Screen 

T Sand point 
X Open hole in aquifer 
Z Other 

94 

R Reverse rota ry 
V Driven 

- 549 G 

- 616 20 G 

I,K( ?) 

Q 

K 

- 26 16 

- 45 5 

Q 

Q 

K 

+ 6 

o 

32 

90 

Q 

Q 

+ 49 85 Q 

Q 

Q - 24 31 

+ 26 89 Q 

Q 

None 

None 

None 

Water - bearing 
formation 

C Raritan 
D Magothy 
E Matawan 
G Aquia 
H Piney Point 
I Calvert 
K Choptank 
L St. Marys 
P Pliocene 
Q Pleistocene 
R Ho locene 



-
Date 

\'I'ater levels 
abo ve or below 

sea level 
(feet) 

~ , 
Static Pumping ~ 

12 64 _ 3m 

65 Flowing 

10 51 do . 

51 _ 64m 

65 - 5 

12 51 flowing 

53 + 32 

56 + 35m 

60 + 31 

65 + 31 
65 + 31m 

64 + 42 
65 + 39m 

60 + 27 

60 + 26 
65 + 24m 

- 50 

+20 

+ 3 

-10 

+21 

+ 7 

-15 

Accuracy for drawdown 

o /·le3sured, accurate to 
within 1 foot 

From driller's log 
Estimated 
Reported 

25 

18 

45 35 

12 150 

20 

28 533 

41 1069 

21 1067 

20 600 

41 1110 

3 

10 

14 3 

3 

Use of water 

C Camille rc ial 
Domestic 
Irrigation 
Industrial 

P Public s upply 
S Stock supply 
T lnsti tu tiona l 
U Unused 

H 

70 

Latitude 

P 1 38°40 ' 52" 

N - 38°40 ' 28" 

38°37 ' 00" 

38°37'24" 

56 P 5 38°35 ' 37" 

N - 38°35' 30" 

LonGitude 

75°54' 02" 

76°15 ' 38" 

76°16' 42" 

76°12 ' 02" 

Remarks 

b. 

INeH 
number 

Dor-

Ag 5 

Test hole . Casing pulled and Ab 3 
hole filled in. 

c; logged to 464 ft. Bb 11 

b. Drill ed to 1000 it. Bb 12 

b. Be 5 

Vrilled to 300 ft. , cased to Bd 2 
335 . Observ, · ... ell since 7/5l. 

0 ,8 66 s 5 38°36'17" 

75°05 ' 23" 

76°08 ' 30" b . Bd 10 

12 

19 

26 

51 

27 

P T 5 38°36 ' 34" 

63 N - 38°36 ' 38" 

N - 38°36 ' 54" 

N - 38°36 ' 59" 

N - 38°36 ' 54" 

T 5 38°38' 02" 

N - 38°35'12" 

T 38°35 ' 46" 

- 5 38°37 ' 40" 

T 5 38°37 ' 52" 

c 3 38°35 ' 06" 

59 c 5 38°37 ' 57" 

38°37' 10" 

38°39 ' 36" 

38°37 ' 03" 

75°57 ' 08 " 

75°55 ' 11" 

75°55 ' 15" 

75°55 '19" 

75°55 ' 03" 

75°50 ' 34" 

75°51' 47" 

75°51 ' 47" 

75°52 ' 23" 

75°51' 27" 

75°53 ' 56" 

75°54' 55" 

75°51 ' 35" 

75°45 ' 46" 

75°45 ' 49" 

75°46 ' 32" 

75°49 ' 01" 

2 

Bf 1 

b . Flowing 0 . 6 g pm , 4- 28- 65 . Sf 20 

Casing pulled and hole filled Sf 24 
in . 

b . do. Bf 25 

b. Casing pulled and hole rille Bf 27 
in. 

Cas ing pulled and hol e filled Bf 29 
in. 

do. Bg 18 

Bg 32 

Drilled to 96 ft. Observ. well Bg 33 
from 4/56 to 5/57. 

c. 

b. 

b. 

Well drilled to 106 ft. 

b . 

Test bole i filled in . 

do . 

do . 

Bg 36 

Bg 37 

Bg 38 

Bg 39 

Bg 48 

Bg 55 

Bh 

Bh 

Bh 

Bh 10 

Bh 11 

Pumping eguipncnt Pumping: }X?wer ~ 

C Centrifugal 
J Jet 
N None 
P Pis ton 
S Submergible 
T Turbine 

95 

Hand ::lectric log available 
Gasoline Chemical analysis available 
Electricity c Gamma log available 

Accuracy La t Long 

Accurate to wi thin one second 
Accura tc to wi thin ten seconds 
Accura te to wi thin one minute 



rable 16 , Records of selected we ll s -- Continued 

Well State 
numbe permit o.mer or name 

numbe r 

Dor-

cc 37 1437 Leonard h . Simmons 

Cd 5 1587 Otis C. McGrat h 

Cd 17 - E. B. Jones 

Cd 28 6833 L. W. fitzhugh 

Cd 31 7017 Church Creek Elem. 
School 

Cd 40 10964 Rivers ide Apartment Cor 

Cd 42 - City of Cambridge 

Cd 43 32096 ~·lunicipal Utilities 
Commi ssion 

Cd 44 49129 do . 

Cd 46 065"'78 Edward Wise 

Ce 1 - Crystal Ice & Storage Co 

Ce 2 - !'lunicipal Utilities 
Commission 

Ce 3 174 do . 

Ce 4 - do . 

Ce 5 - do . 

Ce 6 - do . 

Ce 9 - do . 

Ce 10 - do . 

Ce 12 1427 do . 

Ce 13 1645 do. 

Ce 15 1220 Carroll w. Thomas & Son 
Inc. 

Ce 16 - Coastal Foods Co. 

Ce 17 - do . 

Ce 21 - Eastern Shore State 
Hospita l 

Ce 22 - do . 

Ce 61 9474 Coastal Foods Co. 

Ce 62 9902 ~Iaryland Tuna Corp. 

Ce 72 24574 do . 

Ce 73 26604 Ca t alyst Research Corp. 

Ce 74 56055 Bonnie Brook Development 

Ce 75 56056 do. 

Accuracy of l and surface datum 

1 Instrument level, accurate to 0.5 ft. 
3 From topa map, accura te t o 5 ft. 
4 From topa map, accurate to 10 ft. 
5 From topa map, accurate to 20 ft. 

]- " ~ .-It ~ 
I,.o~ c,.... "it 0_ 0 

8 Driller g .. t;-
"" 0 " . e . !::';:: 

~ g ~ ~ .. "" 

Guy R. Bradshaw 1947 2 5 

do. 1947 10 5 

Edgar C. Cusick 1935 5 5 

Leon Jarrett 195C 6 5 

do. 195C 6 5 

Shannahan Art. Well Co . 1953 5 5 

R. K. Baldwin 1954 15 5 

Sam Shannahan Well Co . 1959 16 5 

do . 1963 16 5 

Leon Jarret t 1965 10 5 

Shannahan Art. 'o\"ell Co . 1945 18 5 

Virginia Machinery & 1945 15 5 
Well Co. 

Shannahan Art. Well Co . 1946 15 5 

do. 1931 18 5 

do . 1931 18 5 

Layne- Atlantic Co . 1936 16 5 

Shannahan Art. Well Co . 1936 25 5 

do. 1910 6 5 

do . 19"7 18 5 

do. 1947 18 5 

do. 1947 6 5 

do. 1903 15 5 

do . 1903 15 5 

do. 1914 12 5 

do . 1921 12 5 

do . 1952 15 5 

do . 1952 15 5 

do . 1956 25 5 

do . 1957 20 5 

Sam Shannahan Well Co . 196" 15 5 

do . 1964 15 5 

G Grave l .... 811, commercial screen 
o Open end 
S Scr een 
T Sand paint 
X Open hole in aquifer 
Z Other 

96 

.g 
,,< 
o 

,,< 

"" 

s 

X 

s 

X 

X 

s 

X 

s 

X 

s 

s 

s 

s 

X 

X 

X 

-

X· 

s 

s 

s 

-

-
S 

S 

s 

s 

s 

s 

s 

s 

'" .... 
,~ .... 
.... ~ ~ :;: .... -;;; ):~ .. o • 
"" ~~ 

-" 
.. 0 .... 
~~ 0 

ll. -g 8 

~ • t is 

'" 

J 515 110 

J 38c 2)0 

J 934 2»..110 

J 370 2»..110 

J 375 110 

H 400 6-4 

J 420 2»..110 

1I 406 12-10-~ 

J 428 4 

J 357 2»..110 

J 966 6- "Y.>-3 

H 412 12 

H 977 10- 8 

J 372 10- 8- 6 

J 405 12 

H 463 12-10 

J 413 12- 8- 6 

J 375 12-10- 8 

H 432 10 

H 430 10 

H 974 10- 8- 6-
4-3 

J 293 6 

J 293 6 

J 370 8- 410 

J 411 8-6 

H 442 10- 8 

H 446 10_8 

H 45C 10- 8 

H 446 8- 6 

J 422 4- 2 

J 454 6- 4- 3 

Method of Drilling 

D Dug 
Hydraulic - rotary 
Jetted 
Reverse rotary 
Driven 

0 

'" 0-Po 0 

.3 ~ u: ~~ '" 0 . ~~ 
,,< 0 

... ou- .. 0 .. " ~:j ...... .... . 
Q.I ~ a Q.I 

0'ci P. 
"" 0 .... ~ ~ B to 5- :!i-" 
~'o~ "'0 " .... 

~ ~ . '" .. P H 0 

- 493 20 G 

- 310 60 H 

- 919 10 C? 

- 330 34 H 

- 339 30 H 

- 363 21 H 

- 385 20 H 

- 320 70 H 

- 310 102 H 

- 327 20 H 

- 938 10 D 

- 347 5C H 

- 926 29 D 

- 3',8 6 H 

- - H 

- 35C 37 H 

- - H 

- 329 40 H 

- 361 51 H 

- 357 51 H 

- 9,,4 20 D 

- - I 

- - I 

- - H 

- - H 

- 377 50 H 

- 377 54 H 

- 376 49 H 

- 384 42 H 

- 386 21 H 

- 388 21 H 

VIa ter-bearing 
formation 

C Raritan 
o Magothy 
E Matawan 
G Aquia 
H Piney Point 
I Calvert 
K Choptank 
L St . Marys 
P Pliocene 
Q Pleistocene 
R Holocene 



'..later levels r-- above or below 
Onte sea l eve l 

(feet) 

!l " Stat ic Pumping . 
~ a 

'" 

- - - -

- - - -

6 40 Flo .... ing -
10 51 .11 
1050 - 44 -

11 50 - 46 -

6 53 -64 - 96 

5 57 _89m -

1 59 - - 98 

- - - -

3 65 - 55 -

5 45 .29 -

6 51 - 87 - 166 

4 46 .15 - 92 

7 51 _82m -

7 51 - 82 -

5 65 - 95 m -

7 51 - 77 -

8 65 - 87 -

7 47 - 65 - 93 

l C 47 - 70 - 127 

8 47 - 74 - 122 
6 58 _13m 

5 51 - 35 -

5 51 _33m -

8 14 - 27 - 40 

6 65 _84m - 102 

5 66 -120 - 163 

6 52 - 94 - 179 

8 56 -129 - 206 

5 57 - 76 - 80 

6 64 - 67 -105 

5 65 - 68" - 90 

Accuracy for drawdown 

o l1easured , accura te to 
.... i thin 1 foot 

Fr om driller I IS log 
Estima ted 
aeported 

~ · <! -· ~ 
~ · .s 

-

-

-
-

-

32 

-

-

-

-

-

79 

107 

-

-

-

-

-

28 

57 

48 

-

-

13 

18 

44 

85 

77 

4 

38 

22 

• 8. > 
[ ~.g 
~ e • > 

il. j~ "0 
~ . . " on , 

~ ~ ,g 

- - -

15 8 -

10 - -
16 10 -

14 8 -

41 6 3 

- - -

300 24 -

- - -

30 8 -

125 - -

625 05 3 

436 24 3 

- - -

600 - -

500 - -

700 - -

585 - -

350 24 3 

350 24 3 

200 24 3 

- - -

- - -

100 - 3 

185 - 0 

540 4 0 

513 2'1 3 

510 24 3 

56 24 3 

100 72 3 

60 4 0 

Use of water 

C Commercial 
H Domestic 
I Irriga tion 
Y Industr ial 
P Public supply 
S St ock suppl y 
T lnsti t utiona l 
U Unused 

~ 
» c 

~ I on . 
a- " ~ 

, 
.~ 2 ... 0':::' ... 

a ~" 
~~ .~ ~ 

e 
e': '8- e 

~ C 

- y 62 P 

- H - J 

- - - p 

- H 58 J 

- T 63 J 

1 U - N 

- U - N 

- p - T 

- U - N 

- H - J 

- C 72 T 

8 p 64 T 

4 P 72 T 

- p - T 

- p - T 

- p - T 

- U - N 

- p - T 

12 P - T 

6 p - T 

4 U - N 

- U - N 

- U - N 

14 U - N 

10 T - T 

12 Y - T 

6 y - T 

7 y - T 

14 U - T 

3 p - T 

3 p - T 

Pumping equipment 

C Centrifugal 
J Jet 
N None 
P Piston 
S Submergible 
T Turbine 

~ 
> 
8. 
~ 
oft 
e 
C 

5 

5 

5 

5 

5 

-

-

5 

-

5 

5 

5 

5 

5 

5 

5 

-

5 

5 

5 

-

-

-

-

5 

5 

5 

5 

5 

5 

5 

97 

~ 
.. . 
oS e 

g 
~ '" ~ Latitude Long i.tude 
i7 Remarke 

§ 

j ~ 
U) 

38"30 ' 48" 76"13 ' 31" 1 1 b . 

38"34 ' 26" 76"08 ' 53" 1 1 

38"30 ' 09" 76"09'10" 1 1 b. 

38"30'41" 76"08'26" 1 1 b . 

38"30 ' 22" 76"08 ' 59" 1 1 b . 

38"34 ' 57" 76"06 ' 34" 1 1 Ohserv . we l l f r om 10/57 to 
4/70 . 

38"34 ' 09" 76"05 ' 32" 1 1 Observ. well f r om 5/57 to 1/70. 

38"34 ' 47" 76"05 ' 23" 1 1 C>.mer's Glasgow St . .... ell. 

38"34 ' 47" 76"05 ' 23" 2 1 Use: to grave l pack Cd 43. 

38"31 ' 52" 76"08 ' 33" 1 4 

38"33 ' 45" 76"04 ' 29" 1 1 b . Reported to flow 20 gpn 
when drilled. 

38"33 ' 53" 76"04 ' 06" 1 1 b . Owner' B Dorches t e r Ave . well 
l. 

38"33 ' 53" 76"04 ' 06" 2 1 b . Owner' s Dorchester Ave. well 
2 . 

38"33" 12 " 76"04 ' 13" 1 1 b . Owner I 5 Wa s hington St . well. 
l. 

38"33 ' 40" 76"04 ' 16" 1 1 Owner ' s Washington St. well 
2. 

38<>34 '01" 76"04 ' 14" 1 1 b. Oomer ' s Fletcher Ave . well . 

38"34 ' 13" 76"94 ' 48" 1 1 Observ e well in 1967 . Owner's 
Hi gh St. well. 

38"34 ' 35" 76"04 ' 30" 1 1 Owner ' s Mill St . we ll. 

38"33 ' 52" 76"03'44" 1 1 Owner' s Nathans Ave. weIll. 

38"33 ' 52" 76"03 ' 44 " 2 1 o.mer's Nathans Ave. well 2 . 

38"34 ' 08" 76"04 ' 24" 3 1 b. Oheerv. well since 8/59. 

38"33 ' 35" 76"04 ' 01" 1 1 Reported depth of original well 
375 ft . 

38"33 ' 35" 76"04 ' 07" 1 1 Reported depth of original well 
375 ft . 

38"33 ' 46" 76"03 ' 03" 1 1 Drilled to 415 ft. Observe -.fiI.. 
since 8/56 . 

38"33'46" 76"03 ' 03" 2 1 Drilled to 720 ft. 

38"33 ' 35" 76"03 ' 59" 1 1 

38"33 ' 27" 76"03 ' 56" 1 1 ()..rne r ' s well 1. 

38"33 ' 18" 76"03 ' 52" 1 1 Owner ' s well 2 . 

38"33 ' 32" 76"02 ' 24 " 1 1 Not opera t ed in 1966 . 

38"33 ' 30" 76"01 ' 12" 1 1 

38"33 ' 25" 76"01 ' 09" 1 1 b. 

Pumping power 

1 Hand 
3 Gasoline 

El ectric log avai l abl e 
Chemica l ana lysis available 

c Gamma log a va ilable 5 Electricity 

Accuracy Lat Lons 

Accurate to .... i thin one second 
Accura te to with in ten sec onds 
Accura te to .... ithin one minute 

Well 
number 

Dor -

cc 37 

Cd 5 

Cd 17 

Cd 28 

Cd 31 

Cd 40 

Cd 42 

Cd 43 

Cd 44 

Cd 46 

Ce 1 

Ce 2 

Ce 3 

Ce 4 

Ce 5 

Ce 6 

Ce 9 

Ce 10 

Ce 12 

Ce 13 

Ce 15 

Ce 16 

Ce 17 

Ce 21 

Ce 22 

Ce 61 

Ce 62 

Ce 72 

Ce 73 

Co 74 

Ce 75 



Table 16 . Reco rds of selected wells -- Con tinu ed 

We l l St ate 
number permit Owner or name 

number 

Dor-

Ce 76 - Municipal Utilities 
Commission 

Ce 77 065W117 u.s . Geological Survey 

Ce 78 066w26 Municipal Utilities 
Commission 

Ce 79 065W83 James Jolley 

Cf 8 12341 G. Alvin Riggin 

Cf 13 30911 Eastern Shore Rendering 
Co . 

cr 18 27653 do . 

Cg 8 4Cl41 Mac Farms 

Cg 9 49773 Cloverdale Farms 

Cg 16 - do . 

Cg 18 40474 do. 

Cg 19 35423 /-1ac Farms 

Cg 20 - do . 

Cg 21 066w66 U.S. Geological Survey 

Cg 22 066'-167 do. 

Cg 23 066w74 Cloverdale Farms 

Ch 17 - Donald E. Wheatley 

Ch 21 065W106 Mrs. Lot tie Br i nsfield 

Ch 25 065W50 Boy Scouts of America 

Ch 26 066w69 U. S . Geological Survey 

Ch 27 066w68 do. 

Ci 3 065W3O William C. Altvater 

Ci 4 - Orem Kelley 

Ci 5 065W31 \"illiam C. Altvater 

Db 4 5073 Dorchester County Board 
of Education 

Dd 7 - u.s . Fish and Wildlife 
Service 

Dd 8 53078 do. 

Df 11 23029 H. Lloyd Willey 

Dg 4 4299 T. B. Robbins 

Accuracy of land surface datum 

1 Instrument level, a ccura te to 0 . 5 ft. 
3 From topo map , accurate to 5 ft. 
4 From topo map, accurate to 10 ft. 
5 From topo map, accurate to 20 ft. 

]~ " 
~ .-it :3 

.... .::: ';3. .... 
o~ 0 

Driller E e .. " "0 U U 

B~ " . " ~ ." " § ., " ... . 
« « 

Sam Shannahan Well Co . 1965 10 5 

Shannahan Art. Well Co. 1965 30 5 

Sydnor Pump & Hell Co . 1965 16 5 

Leon Jarrett 1965 26 5 

Edgar C. Cusick 1953 12 5 

Shannahan Art. Well Co . 1958 21 5 

do . 1957 21 5 

E. R. Kauffman 1960 40 5 

do. 1963 37 5 

do. 1963 40 5 

do . 1960 41 5 

do . 1959 43 5 

do . 1959 43 5 

do. 1965 28 5 

do . 1965 30 5 

do . 1966 35 5 

do. 1964 25 5 

do . 1965 20 5 

Ideal 'rIell Driller s 1964 14 5 

E. R. Kauffman 1965 32 5 

do . 1965 20 5 

do . 1965 17 5 

Orero Kelley 1960 20 5 

E. R. Kauffman 1964 17 5 

Leon Jarrett 1949 5 5 

-- 1932 3 5 

Shannahan Art . Wel l Co. 1963 6 5 

Edgar C. Cusick 1956 3 5 

Guy R. Bradshaw 1949 3 5 

G Grave l wall , commercial screen 
o Open end 
S Screen 
T Sand point 
X Open hole in aquifer 
Z Other 

98 

.g 
:§ 
r.. 

X 

-

G 

S 

S 

S 

X 

G 

G 

G 

G 

G 

G 

-

-

G 

G 

G 

G 

-

-

G 

0 

G 

s 

S 

S 

X 

X 

'" ... 
.~ ';! 

~ 8 • 
'(j~ .-;; 

" "" ..... .., 
o~ " u ';; · " ..,~ t.::! t. -g E 

~ • 
~ is 
>: 

J 400 -
H 1502 6 

H 503 22- 12 

J 280 ~1)\ 

J 194 1)\ 

H 36 4 

H 250 6 

R 112 17 

R 111 22 

R 117 17 

R 104 17 

R 100 17 

R 111 17 

H 140 4 

H 120 4 

R 104 17 

R 60 17 

R 74 17 

H 78 4 

H 100 4 

H 110 4 

R 73 17 

V 40 1)\ 

H 75 4 

J 543 1)\ 

H Boo 6 

II 4"3 6-4 

J 534 1)\ 

J 290 6- 4 

Method of Drilling 

D Dug 
Hydraulic-rotary 
Jetted 
Reverse rotary 
Driven 

0 

0- '" "~ " ~~ o k·,-l '" ., 0 • " " u .... ." " 
~~~~ 

.~ 
" 0 ~:j ..... 

.g g :-~ 0'ci .0 " 
~ ~ zS: ., 0 !!.!:! ... .... ., "'" ., 0" "It . :;;! 2 ~ 0 
,. 

- - -
- - -

- 344 139 H 

- 234 20 I 

-162 20 K 

- 5 10 Q 

-122 107 I 

+40 112 Q 

+30 111 Q 

- - Q 

+ 41 104 Q 

+ 43 100 Q 

"11 52 Q 

- - -

- - -

+ 35 104 Q 

+ 25 60 Q 

+ 20 74 Q 

- 54 10 Q 

- - -

- - -

+ 17 73 Q 

- 20 0 Q 

- 43 15 Q 

-535 6 G 

- - D 

- 406 31 H 

- 479 52 H 

- 254 33 I 

Water-bearing 
formation 

C Raritan 
D Magothy 
E Matawan 
G Aquia 
H Piney Point 
I Calvert 
K Choptank 
L St. Marya 
P Pliocene 
Q Pleist ocene 
R Holocene 



' .... ater levels ~ " - above or below . " > 
~ Ii. 8. »0 

Date sea leve l "" - ~ e • > 
( feet) il. " . c , " > ] ~" 0 " "j " « " 

:!l 
, .e 

" Static Pumping . ,g 
§ ~ .s 
'" 

- - - - - - - -

- - - - - - - -

11 65 - 84 -190 106 1200 48 0 

5 65 - 1 - 9 8 20 8 3 

5 53 + 9 + 6 3 25 3 3 

4 58 +19 - 3 22 40 4 3 

9 57 +10 - 37 47 120 4 3 

8 60 +33 + 12 21 1500 6 3 
9 65 +33

m 

3 63 +32 + 18 14 1227 4 3 
1065 +32 
- - - - 16 1175 - 3 

12 60 +34 + 4 30 1120 2 3 

8 59 +41 + 21 20 1000 4 3 

- - - - 15 1110 - 3 

- - - - - - - -

- - - - - - - -

2 66 + 28 + 15 13 1045 4 3 
2 66 +2Sm 

4 64 +21 - 5 26 919 - 3 

6 65 + 8 - 1 9 766 2 3 
10 65 + 9m 
11 64 + 4 - 16 20 200 6 3 
11 64 + 4m 

- - - - - - - -

- - - - - - - -

1 65 +10 - 28 38 1140 4 3 
1 65 +12m 

- - - - - - - -

8 64 + 9 - 3 12 42 2 3 

12 49 + 3.5 - - 15 6 -

1 65 +14 - - - - -

8 63 -44 - 63 19 120 24 3 

5 56 - 6 - 8 2 35 6 3 

7 49 + 4m - - 183 8 -

Accura c:i for dra .... down Use of water 

0 Measured I accura te to C Commer cial 
.... ithin 1 foot H Domestic 

From dr iller' s log I Irriga tion 
Estimated Y Industr ial 
~eported P Public supply 

S Stock supply 
T Institutional 
U Unused 

~ 

E " " . . 
-t a- ~ " ~ 

, 
~ 

.~ ... ~"' "::;:. 0 8.' 
~~ '" . ~ " " os. -,,- " ... 
~~ 

0 
.? 

- - - -

- - - -

11 p 63 -

2. 5 H - J 

8 H 55 J 

2.5 Y 60 -

2. 5 Y 59 T 

71 I - G 

88 I 59 -

73 I - -

37 I - -

50 I - -

74 I - -

- - - -
- - - -

80 I - -

35 I - -

85 I - -

10 T - T 

- - - -

- - -

30 I 57 -
- s 55 p 

3.5 H - p 

- T 65 p 

- U - II 

6 T 65 s 

18 H 59 p 

- u 63 " 
PumE:ins eguiE!!!ent 

C Centrifugal 
J Je t 
N lIone 
P Piston 
S Submergible 
T Turbine 

" . , 
8. 
~ 
s. 
0 

.? 

-

-

-

5 

5 

5 

5 

3 

-

-

-

-

-

-

-

-

-

-

5 

-

-

-

1 

5 

5 

-

5 

5 

-

2 '" " oS 0 , 
" :s ... 
j Latitude Longi tude Remarks 

~ ~ 
~ g 
] Ul 

38'3'+'08" 76' 0'+ ' 24" 3 1 Test hole . 

38'33 ' 41" 76'02 ' 29" 1 1 a ,e. Test hole; hole plugged 
and abandoned. 

38°32 '43" 76'04 ' 28" 1 1 a ,b. Owner I 8 Stone Boundary Rd . 
well. Drilled to 517 ft . 

38'32 ' 20" 76' 00 ' 03" 1 1 

38'31 ' 12" 75'55 ' 28" 1 1 b. 

38'33' 22" 75'56 ' 11" 2 1 b . Pumped .... ith four other 
identical welle. 

38°33 '24" 75'56 ' 10" 1 1 b . 

38°34 '23" 75'52 ' 06" 1 1 

38'34 ' 35" 75' 53 ' 21" 1 1 b. 

38'34 ' 26" 75'52 ' 38" 1 1 

38'34 ' 53" 75'52 ' 5'+ " 1 1 

38'34 ' 21" 75'51 ' 32" 1 1 

38'34 ' 37" 75'51 ' 21" 1 1 

38'33 ' 30" 75'5'+ ' 49" 1 1 a . Test hole. Filled in . 

38'33 '17" 75°52 ' 52" 1 1 .. do . do • 

38' 3'+ ' 21" 75'53 ' 28" 1 1 

38'34 ' 46" 75'45 ' 12" 1 1 

38'34 ' 38" 75'46 ' 06" 1 1 

38'32 ' 47" 75'45 ' 34" 1 1 

38' 33 ' 51" 75'48 ' 09" 1 1 a . Test hole . Filled in . 

38' 30 ' 58" 75'48 ' 07" 1 1 .. do. do • 

38'33 ' 41" 75' 43 ' 47" 1 1 b . Static .... ater level meas. 
4 . 5 ft . below l .s., 1/26/65. 

38'33 ' 43" 75D 43 ' 19" 1 1 b. 

38'33' 42" 75'43 ' 47" 1 1 

38'28'04" 76'17 ' 22" 1 1 b . 

38' 26 ' 45" 76' 05 ' 49" 1 1 c . Blackva ter Wildli fe Refuge. 

38'26 ' 45" 76'05 ' 33" 1 1 b . do . 

38'25 ' 10" 75'57 ' 40" 1 1 b. 

33' 26 ' 31" 75°5'-" 22" 1 1 b . no .... ing . 3 . 4 gpm , 10/23/51. 
}O'low eat. 1 gpm on 4/22/65 . 

Pumping power Remarks 

Hand a !:lectric log available 
Gasoline b Chemical analysis available 
Electrici ty c Gamma log available 

Accuracy La t Long 

Accurate to within one sec ond 
Accurate to within ten seconds 
Accura te to within one minute 
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'\'O'ell 
number 

Dor-

Ce 76 

Ce 77 

Ce 78 

Ce 79 

Cf 8 

Cf 13 

Cf 18 

Cg 8 

Cg 9 

Cg 16 

Cg 18 

Cg 19 

Cg 20 

Cg 21 

Cg 22 

Cg 23 

Ch 17 

Ch 21 

Ch 25 

Ch 26 

Ch 27 

Ci 3 

Ci 4 

Ci 5 

Db 4 

Dd 7 

Dd 8 

Df 11 

Dg 4 



Table 16, Record s of selec ted we ll s -- Continued 

Well State 
nwnbe permit Owner or name 

number 

Dor -

Dh Town of Vie nna 

Ee 3 5899 Geor ge A. Keene , Jr . 

Ef 1 Ed .... in Bell Lumber Co. 

Fe 885 Roapers Isl a nd School 

Fd 17 

Fe 14 2721 Garla nd Jones 

QA-

Fa. 10 10585 I lat t hew C. Bean 

Ee 83 13200 Pea rl 0 ' Donnell 

Ed 36 - Town of Queemi t own 

Ee 12 - S . E . \./ . Fr ie l 

Ee 16 - Philli ps Canning Co . 

Ee 21 QA66w158 S . E. 'd . Friel 

Fa 39 11712 David ~l . Ni chols 

Accur acy of l a nd surface da tum 

Instrument level, accur a te to 0 . 5 ft . 
From topo ma p , accurate to 5 ft . 
From topa map , accura te to 10 ft. 
From topa map, accurate to 20 ft . 

~ ] - '" .-i~ !j 
... .!: ... ... 

Po 0 - 0 
Driller g .. 1;' 

"" u . .a ~ ~ 

~ ' .. " § .... ... . 
« « 

Sha nna ha n Art. Well Co . 193" 10 5 

Edgar C. Cus ick 1950 5 

A. Whea tle y 1934 5 

Guy R. Bradshaw 1946 

Leon Jarret t 1948 2 5 

Quee n Annes County 

~Jilliam O. Aaron 1952 20 5 

do . 1953 10 5 

Shannahan Art. ! ..... ell Co . 1931 15 5 

1947 -- ',0 5 
Shanna han Art. \'I'e ll Co. 1940 71 5 

do . 1966 39 5 

~oJilliam O. I.aron 1953 4 5 

G Gr a vel wa l l , commercial screen 
a Open end 
S Screen 
T Sand point 
X Open hole in aquifer 
Z Other 

100 

.g 

~ 

-

X 

-

X 

X 

X 

X 

X 

-

s 

X 

to ::1 ~ .., 
~ ... -;: :;: '(;~ >-;:; .a .... .c 

o <!! " u ... • e 
0 .c _ t.:! il. "" • 0 8 S t 
>: 

3C5 

398 1* 

516 1;( 

J 4C6 1* 

340 

504 1* 

J 120 1* 

J 205 1* 

- 320 6 

- 205 6 

- 647 10 

H 229 6- 5 

J 215 1* 

Method of Drill ing 

o Dug 
H Hydraulic- rotary 
J Jetted 
R Revers e rotary 
V Driven 

to §'; Po e 
to o "-.< f! ~ ... 0 ~ e . ~.::'. ' .. e 

+J~()""'" 
" 0 .. ... ... . ~:j ..... 

~ J..o 0 Q.I 0'" !~ "" u ... 0 
;::11(16_ ~.c ... 0 !!.:! .,-l ...... tOe 
... 0 '" e 8. • ... 0 

3 0 
:. « p 

Q 

- 336 59 

- 337 63 

- 80 20 G 

- 171 24 G 

-171 134 G 

- 160 5 H 

- 448 - -
- 141 49 H 

- 206 5 G 

Wa ter- bearing 
formation 

C Raritan 
D Hagothy 
E Matawan 
G Aquia 
H Piney Point 
I Calver t 
K Choptank 
L St . Ha rye 
P Pliocene 
Q Pleistocene 
R Holocene 



!Ha t e r l eve ls ~ 

f--- above or belo .... . 
.;: 

Date sea leve l 
(feet) 

" , 0 

~ :S " Pumping . c Sta t ic .s 0 ~ os 

50 - 13 - 22 

65 _ 6m 

6 48 - 1 
11 58 _ 3m 

7 52 + 4 - 5 9 

9 5- + 8 - 15 23 

- 31 . 6 - -

8 53 + 22 - -
7 53 +11 - 149 160 

5 6€ + 17 - 5 22 

2 53 - 3 - 7 4 

Accuracy for drawdown 

o ~\e 3 sured , accurate to 
within 1 foot 

From driller 's l og 
Es t imated 
Re port ed 

" '[ '0 , 
8. t;>.g 

~ E . , 
il. " . , " 

~ ~~ ~ . 
" , .;: 0 

'" 

28 

20 12 

20 

20 5 3 

30 6 3 

212 - -

200 - -
- - -
100 3 3 

12 6 3 

Use of watcr 

C Commercial 
H Domestic 
I Irr i ga ticn 
Y Industr ial 
P Public s uppl y 
5 Stock supply 
T Inst itutional 
U Unused 

~ " 
., 

1;> " " " 
Jj 0 

'0 S . ! ~ ~ 
,.., 

2.- " ~ 
, , 8. " 5 .~ . g .... 

u~ .... " r.. ~ ~ 0 8.' Latitude 
~~ 

., -a LonGitude 
i7 Remarkl5 . E C 

~ !!) t 's. E . 'O~ .? 
! 

E " ,? ] Vl 

T 5 38'29 ' 05" 75'49 ' 40" h . Re por ted to flow .... hen 
dril led . 

38' 23 ' 16" 76'11 ' 43" b . 

N - 38'24 ' 59" 75'57 ' 24" e . 

61, P 5 33'19 ' 27" 76'13 ' 53" h . 

38'16 ' 76' 05 ' 

58 p 1 38'18' 05" 76'04 ' 13" h . Static water leve l meas. 
5 .37 ft . bela .... land s ur fa ce I 

11/ 14/51. 

Quee n Annes County 

2. 2 F. 54 p 

1.3 H 59 p 

- P 51, T 

- y 58 T 

- U - N 

4. 6 c - -

3 H - p 

Pumping eguiIXllcnt 

Centrifugal 
Je t 
None 
Pi ston 

S Submergible 
T Turbine 

5 

1 

5 

5 

-
-

5 

38'58 ' 76'21 ' - - h . 

38' 58 ' 76'13 ' - - h . 

38'59 ' 76'09 ' - - h • 

38'57 ' 18" 76'03' 46" - - h . 

38'56 ' 00" 76'01 ' 04 " - - e. 

38'57 ' 18" 76' 03 ' 47" - - a. 

38'52 ' 35" 76'20 ' 08" - - h . 

Pumping po .... er 

Hand Slec tric log available 
Gasoline Chemical analys is available 
Elec trici ty c Gamma l og available 

Accura.cy La t Long 

Accura te t o wi thin one second 
Accura te to wi thin ten seconds 
Accurate t o within one minu t e 
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\o,'ell 
numbe r 

Dor-

Dh 

Ee 3 

~f 

Fe 

Fd 17 

Fe 14 

QA-

Fa 10 

Ee e3 

Ed 36 

Ee 12 

Ee 16 

Ee 21 

Fa 39 



Tobie 16 . Records of se lected we lls - - Continued 

Well State 
numbel permi t Owner or name 

number 

Tal-

Ad 5 T65W37 Schluder berg- I\urdlc Co . 

Af 5 - t·! . Chores 

Af 10 41413 Fox Canning Co . 

Bb 4 T65W133 Bayview Water Co ," Inc . 

Be 4 844 Gordon Fisher I Jr . 

Bd 21 8513 Horgan B. Schiller 

Be 3 - c . W. Kellog 

Be 6 - do. 

Be 44 - U. S . Geological Survey 

Be 74 - Herbert T. Chance 

Be 79 29643 Talbot County Board 
of Education 

Bf 14 - John H. Wade 

Bf 38 11747 J . McKinny IHill is 

Bf 66 462 Schluderberg- Ku rdle Co . 

Bf 72 16235 do . 

Bf 73 21641 do . 

Bf 74 21805 do . 

Bf 78 T651'1101 do. 

Cb 89 12546 Pan American He fining 
Cor p. 

Cb 92 32955 Bozman Woman I S Club 

cc 29 - Commissioners of 
St . Michaels 

Ce 32 T65W50 do . 

Ce 33 T66\"56 Ray Kilmon & Harvey 
Gannon 

Cd 2 - Frank Collins 

Cd 48 T65"38 Harry S . Bayer 

Cd 49 T65\"94 Cl arence Chance 

Cd 52 T65W12 Alfr ed Fairbanks 

Accuracy of l and s ur f ace da tum 

Instrument l evel, accurate to 0 . 5 f t. 
From topo map , accura t e t o 5 ft . 
h om topo ma p , a ccurate to 10 ft. 
hom tope map, a ccurate to 20 ft . 

"§- '" ~ .-it ~ 
~ ~ .... ... 

Co 0 
Driller g .. » 

.., 0 0 

.3 ~ . . " ~ • .< " g ~ g 
« « 

Shannahan Art. Well Co . 1964 54 5 

- 25 ---
Shannahan Ar t . We l l Co . 1961 10 5 

do . 1965 15 5 

H. C. Burgess 1946 12 5 

Shannahan Ar t. Well Co . 1951 14 5 

-- 1933 40 5 

Shannahan Ar t . Well Co . 1937 11 3 

1953 18 5 --

-- - 70 5 

Shannahan Art . Itlel l Co . 1958 70 5 

-- 1903 65 5 

H. C. Bur gess 1953 55 5 

Layne- A tlan tic Co . 1947 45 5 

Shannahan Art . '~ell Co. 1954 42 5 

do . 1955 42 5 

do. 1955 42 5 

do . 1965 40 5 

Layne- Atlantic Co . 1953 13 5 

Shannahan Art . Hell Co. 1958 10 5 

do . 1928 10 5 

do . 1965 15 5 

do. 1965 5 5 

do. 19"3 13 5 

do . 1964 10 5 

Heikes Well Co. 1965 15 5 

Shannahan Art . Well Co. 1964 16 5 

G Grave l wall, commercial screen 
a Open end 
S Screen 
T Sand point 
X Open hol e in aquifer 
Z Ot her 

102 

~ 
0 

~ 

s 

-

s 

X 

S 

s 

-

s 

-

-
s 

-

X 

s 

S 

S 

S 

s 

S 

s 

S 

s 

s 

s 

S 

s 

X 

bO .... 
~ .... 0: 

oJ 
, 

:;: .... , -:; 
" o • .., .... . .c 

o~ " 0 ';; • 0 .c _ ~ ... 
'it ~ -.., 

0 ~ t is 

'" 

H 444 4- 2 

- 185 -

Il 845 10- 6-4 

Il 366 " 

J 43C 3- 2 

J 207 3- 2 

V 50 1)\ 

J 466 4 

V 35 1)( 

J 165 3)\ 

Il 320 6-5 

D 23 42 

J 147 3 

H 990 14- 8 

H 52 10 

H 288 4- 2 

H 48 4 

H 50 10 

H 1415 10- 4 

H 170 2-1)\ 

J 404 8 

1I 458 10 

1I 512 4- 2 

J 260 4 

H 476 4- 2 

H 564 4- 2 

1I 352 2- 1)\ 

Method of Drilling 

D Dug 
H Hyd raulic- ro t ary 
J Jet t ed 
R Reverse rotar y 
V Driven 

0 

bO 0 -
Co 0 ~ t bO o s.. . ..-I 
~ 0 • " . 0 . 0'" ..< 0 
~co- .- " 0 .. ~ ... . :l ~ ...... 
IV J.. 0 IV 0 .... .D • 

.., 0 ... 0 ~ E .3 10~- z.c • 0 ...... ~ bOO ~ .... 
~ 0 ~ o Ii. • .... 0 ~ 0 '" « .D 

- 375 15 G 

- - I 

-600 35 G 

- 760 70 E 

- 297 54 G 

- 410 8 G 

-178 15 H 

- - Q 

- 4"5 10 G 

- - Q 

- - I 

- 239 11 H 

- - '1 

- 60 32 I 

- 821 20 E 

- 93C 15 D 

+11 21 " - 241 5 I 

- 1 5 P 

+ 15 25 Q 

- 93C 3C D 
-1340 40 C 

-155 5 H 

- 370 24 G 

- 393 50 G 

- "97 10 G 

- - H 

- 446 20 G 

- 537 12 G 

-243 93 H 

Wa ter- bear ing 
f or mation 

C Raritan 
D Magothy 
E Ma t awan 
G Aquia 
H Piney Point 
I Cal vert 
K Choptank 
L St . Mar ys 
P Pliocene 
Q Ple i s toc ene 
R Holocene 



-',.jater levels ~ 

t---- above or below . . 
Date sea level ~ 

~ 

(feet) 
" , 0 

~ ::; h Static Pumping ~ § ~ '" 

11 64 - 2 - 9 7 
9 65 _ 3m 

- - - - -

7 61 • 4 -197 201 

5 65 
• 1 - 13 14 

11 46 0 - 8 8 

10 51 • 6 - 16 22 

10 53 +23 - -

10 37 • 2 
- -

5 54 +12ID - -

- - - - -

4 58 '32 - '.1 73 

7 53 ·50 - -

3 53 . 47 - -

3 47 -45 - 230 185 

9 54 >33 , 17 16 

3 56 +15
m - -

3 56 +31
m - -

3 65 .29 • 24 5 

- - F1.o .... ing - -
do . 

11 58 
• 3 

- -

- 28 
• 2 - -

2 65 0 - 37 37 

10 65 - 16 - 60 44 

- - - - -

10 64 - 11 - 35 24 

1 65 - 10 - -

6 64 - 4 - 29 25 

Accuracy for drawd o..rn 

o He3sured , accura te to 
within 1 I 00 t 

Fr om driller ' 5 log 
Estimated 
Reported 

" i '0 , 
1J. » 0 

.'0 

C:3 E . , 
il. h • 

, h 

~ ]~ . ; 
~ g 

16 4 3 

- - -

325 24 3 

40 8 3 

20 12 3 

12 6 3 

- - -

- - -

- - -

- - -

38 4 3 

- - -

- - -

210 24 3 

175 4 3 

- - -

- - -

50 6 3 

9 - -
12 
15 4 -

- - -

265 10 3 

20 4 3 

- - -

35 5 3 

52 8 3 

25 6 3 

Use of wa ter 

C Commercial 
H Domestic 
I lrriga tion 
Y Industrial 
P Public s upply 
S Stock supply 
T Institut i onal 
U Unused 

~ 

~ " ~ 
t. 

. 
h 

8.- ~ 
, 

.~ 

~" .~ ~ 
0 1J.. 

~ ~ :f 0 E 

!l '" 's. '"~ 

J 
E 

C 

2 . 3 s 63 s 

- II 53 -
1.6 Y - T 

2. 8 p 60 s 

2. 5 II 60 p 

.5 II 57 p 

- II - P 

- II 62 J 

- U - N 

- II - p 

. 5 T 63 s 

- II 53 p 

- II 53 p 

1.1 U - tI 

11 Y - T 

- U - N 

- U - N 

10 Y 56 T 

- u 69 N 

- II 58 C 

- p 63 T 

7 p - 'r 

. 5 II 64 S 

- s 58 s 

1.5 S 61 S 

- II - J 

1.0 II 60 p 

Pumpi ng eguipnent 

C Centrifugal 
J Je t 
N None 
P Piston 
S Submergible 
T Turbine 

~ , 
8. 

"" " R 
E 

.: 

5 

-

5 

5 

5 

5 

1 

5 

-

5 

5 

5 

5 

-

5 

-

-

5 

-

5 

5 

5 

5 

5 

5 

5 

5 

h "" " Jl 0 

"' E , 
" :s ..; 

~ Lati tude Long itude 

I 
Rema rk.5 

; 
g 

Vl 

38·56 ' 34" 76·05 ' 31" 2 1 b. 

38·55' 75· 57 ' 1 4 b. 

38·55' 00" 75· 56 ' 59 " 1 1 

38°50 ' 20 ft 76· 16 ' 40" 1 1 b . 

38·50 ' 30" 76·11 ' 18" 1 1 b. 

38·50 ' 23" 76· 09 ' 34" 1 1 b. 

38·53' 55" 76·04 ' 09" 1 1 b. 

38·53 ' 32" 76·04' 41" 1 1 b. 

38·51 ' 12" 76· 03 ' 39" 1 1 

38·50 ' 06" 76· 00 ' 47" 1 1 

38·51 ' 06" 76·01 ' 03" 1 2 b . 

38·52'46" 75· 57 ' 23" 1 1 b. 

38·52 ' 22" 75·58 ' 52" 1 1 b. 

38·52 ' 46" 75· 59' 28" 1 1 A bandoned a nd fil l ed in. 

38·52 ' 41" 75·59 ' 36" 1 1 

38·52 ' 39" 75·59 ' 36" 1 1 Observation well. 

38·52 ' 39" 75·59 ' 36" 2 1 do. 

38·52 ' 36" 75·59 ' 27" 1 1 b. 

38·49'14" 76·17' 32" 1 1 b . Drilled to 1 , 520 ft . gamma 
logged to 440 ft. 

38·46'10" 76·16 ' 15" 1 1 b. 

38·46' 57" 76°13 ' 42" 1 1 b. Drilled to 454 ft. 

38 0 46 ' 52" 76·13 ' 15" 1 1 c . 

38·45 ' 02" 76·10 ' 38" 1 1 b. 

38·47 ' 58" 76·05 ' 20" 1 1 b . 

38·48 ' 06" 76·09 ' 48" 1 1 b . Drill cuttings available. 

38·46 ' 39" 76·07 ' 36" 1 2 c . 

38·46 ' 56" 78·06 ' 19" 1 1 b. 

Pum ping power 

Hand a Slectr i c log available 
Gasoline b Chemical ana lysis available 
Electr icity c Gamma log availabl e 

Accuracy la t Long 

Accura te to within one sec ond 
Accura te to within ten seconds 
Accurate to within one minute 

103 

Well 
numbe r 

Tal-

Ad 5 

Af 5 

Af 10 

Bb 4 

Be 4 

Bd 21 

Be 3 

Be 6 

Be 44 

Be 74 

Be 79 

Bf 14 

Bf 38 

Bf 66 

Sf 72 

Bf 73 

Bf 74 

Bf 78 

Cb 89 

Cb 92 

cc 29 

Cc 32 

Cc 33 

Cd 2 

Cd 48 

Cd 49 

Cd 52 



To'ble 16. Records of se lect ed we ll s - - Co ntinu ed 

Wel l St a t e 
number permi t Own er or name 

number 

Tal -

Ce 1 - Easton Utiliti es 
Commission 

Ce 2 - do . 

Ce 3 - do . 

Ce 4 - do . 

Ce 5 2261 do . 

Ce 7 - do . 

Ce 9 957 A. J . Gr i mes , Jr . 
(Tidewa ter I nn) 

Ce 10 957 do . 

Ce 35 5556 Abhotts I~lir ies 

Ce 39 598 ~! rs . D. N. G. Bartle tt 

Ce 50 8836 Easton Ut i l ities 
Commi ssion 

Ce 60 37628 do . 

Ce 61 46762 do . 

Ce 62 T65W111 do . 

Ce 64 48272 Harris on & Jarboe 

Ce 66 T65W158 Seymour Bu i lder s t Inc. 

Ce 67 T66w12 Easton Utilities 
Commi ss i on 

Da 36 5097 George Jensen 

Db 38 5555 Tilghman Packing Co . 

Db 60 26262 do . 

Db 61 - Sil ver tip Inc. 

Dc 2 3172 Town of Oxford 

Dc 50 T65W56 __ Kelly 

Dc 52 T66w41 Harry Layman 

Dc 53 32892 Royal Oak Community 
Church 

Ild 53 53609 Ta l bot Country Club , Inc 

De 12 5694 Harris on & Jarboe 

De 13 46763 Easton Util ities Co . 
Commis sion 

De 15 T65W89 Wi ghtman Inc . 

Accur acy o f l and surface da t um 

1 Instrume nt l eve l , ac cura te t o 0.5 ft . 
3 From tope map , accura t e to 5 ft. 
4 From tapa map , ac curate to 10 ft . 
5 From topa map, accurate t o 20 ft. 

'C 

~ :ii~ " .-It ~ i;:: 'it .... 
0 

Driller g .. t;> 
'C " 

~~ • . " ~ ] ~ ~ .. 

Shannahan Art. Wel l Co . 1901 15 5 

- - 1910 20 5 

-- 1929 15 5 

-- 1929 20 5 

American Dril ling Co. 1947 30 5 

--- 13 5 

Shannahan Art. \'Iell Co. 1946 38 5 

do . 1946 38 5 

do . 1950 39 5 

L . Rude & Son 1946 50 5 

Shannahan Art. Well Co. 1952 20 5 

do . 1960 21 5 

do . 1962 35 5 

do . 1965 56 5 

do. 1962 51 3 

do. 1965 54 5 

do . 1965 56 5 

Albe rt L. INi l son 1949 10 5 

Shannahan Ar t. Well Co . 1950 5 3 

Sam Shannahan Well Co . 1957 5 3 

Shannahan Art. Well Co. - 5 3 

do . 1949 6 5 

He ikes Wel l Co . 1964 5 5 

do . 1965 8 5 

Shannahan Art . INell Co . 1959 6 5 

do . 1963 10 5 

do . 1950 40 5 

do . 1962 30 5 

Heikes Well Co. 1965 55 5 

G Grave l wal l, commercia l scr een 
o Open end 
S Screen 
T Sand point 
X Open hol e in aquifer 
Z Other 

104 

.g 
'" ,~ .. 

s 

s 

s 

-

s 

s 

X 

X 

X 

-

s 

S 

s 

z 

S 

s 

G 

X 

s 

s 

s 

s 

s 

s 

s 

s 

X 

s 

s 

.. ... 
.!1 -< 

... 
... ol ~ 
:;:: >~ .... . 
" ~ o • 

'C .... . " 0 ';: " " ';; t~ ,, -
~ 'C e 

0 ~ . 
:5 ;S 
:l! 

J 1015 10- 8- 6 
4y"..3 

- 110 6- 5 

- 1025 12- 10-
8- 6 

- 112 10 

- 1148 12 

- 104 4 

J 157 8 

J 160 8 

J 157 8 

J 67 3 

H 623 10- 6 

H 10lt5 12 - 8 

H 1057 16 - 8 

H 1099 -
H 64 2 - 1)1, 

H 146 2 - 1)\ 

II 1092 16 - 8 

J 210 1)1, 

H 4112 6 - 3 

II 207 4 

H 400 6 

H 559 10- 8- 6 

H 513 4- 2 

H 497 2 

II 311 2- 1Y, 

H 640 8-4 

II 394 4- 3 

H 405 4- 2 

II 182 2 

Method of Dril l i ng 

D Dug 
H Hydra ul i c- rotar y 
J Je t t ed 
R Reve rse ro tary 
V Driven 

~ .. 
~ ~ go k'~ .. 

~ 0 • " • ~~ '" " ... I:: 0"-" 
" 0 .. ~ ..... ~j 

Q) :! '(; ~ 0 '" ! E 'C" .... 0 B Ul B- :5" • 0 

j'ot .. " ~ .... 

~1t • ... 0 '" .. .D .., 0 

- 85 10 I 
- 767 6 ? 

- 985 15 E 
- - I 

- 625 - G 
- 980 30 E 

- - I 

- 1096 21 D 

- 82 7 I 

- 78 44 I 

- 78 44 I 

- 93 25 K+ I 

- - K 

- 550 53 G 

- 989 35 E 

- e83 9 E 
- 1006 16 

- - -

+ 19 32 K 

- 82 10 I 

- 794 27 E 
- 1004 32 

- 95 105 H 

- 407 30 G 

-192 9 H 

- - G 

- 533 20 G 

- 496 12 G 

- 477 12 G 

- 295 10 H 

- 580 50 G 

- 336 18 H 

- 325 5 H 
- 348 15 
- 94 12 I 

Wa t er-bear ing 
formation 

C Rar itan 
D Magothy 
E Matawan 
G Aqui a 
H Pi ney Point 
I Calvert 
K Chopt ank 
L St. Marys 
P Pliocene 
Q Plei s tocene 
R Holocene 



\~ater levels ~ - above or belo .... . 
~ sea leve l Date -(feet) i .g 

~ 
, 

" Static Pumping . 
~ a 0 

'" 
,. 

- 01 +15 - 10 25 

1 56 _13 ID - -

8 50 - 7" - 80 73 

- - - - -

1 49 +22m - 37 59 

4 66 _42m - -

12 46 - 45 - 93 48 

12 46 -40 - 88 48 

7 50 - 34 - 54 20 

7 46 +44 + 38 6 

1 52 - 9 - 176 167 

4 6c - 22 - 104 82 

7 62 - 59 - 217 158 

- - - - -

7 62 +43 + 26 17 

7 65 +20 - 21 41 

3 66 -13 - 215 202 

12 49 0 - 12 - 12 

5 50 - 4 - 50 46 

4 57 + 3 - 58 61 

- - - - -

1 49 - 2 - 23 21 

1 64 _ 9" - -

9 65 - 6 - 14 8 

1 59 - 6 - -

9 63 - 22 -173 151 

6 50 - 25 - 50 25 

62 - 12 -120 108 

1 65 + 17 + 7 10 

Accuracy for drawdown 

o Measur ed I accura te to 
within I foo t 

From driller's log 
Es tima t ed 
Reported 

" 'i ]. 
, 

t;.g 
.:3 E . , 

it " . ' " "C 

~~ '" . 
o ; .,< ~ >< ,g 

60 - 5 

193 19 -

616 24 0 

- - -

415 2 0 

- - -

200 6 .5 3 

200 6 .5 3 

40 8 3 

20 12 3 

362 24 3 

463 24 3 

494 24 3 

- - -

33 3 3 

12 4 3 

500 48 3 

11 3 3 

100 10 3 

100 6 3 

- - -

46 10 3 

32 6 -

25 8 3 

9 4 -

200 8 3 

25 6 3 

12 8 3 

11 11 3 

Use of water 

C Commerc ial 
H Domestic 
I Irriga tion 
Y Industrial 
P Public supply 
S Stock supply 
T Institutional 
U Unused 

~ 

'" " E 1 .,< 0 

a~ " ~ 
, 

. ~ .... . u.:::. """ 0 1i, . 
~ ~ '" 0 ~ .~ . 
.,<- p .. '" ~ 

E 

C 
U) 

2 .4 u 64 N 

- p 59 T 

8 u - N 

- - - N 

7 u 78 N 

- U - N 

11. 2 C - T 

4 .2 C - T 

2.0 U - N 

3 .3 H - p 

2 p 69 T 

5. 6 p 75 T 

3 F - T 

- - - -

1. 9 Y 59 C 

.3 H 61 II 

2 . 4 p 76 s 

.9 C 57 P 

2 .2 Y 62 T 

1. 6 Y - T 

- S 62 T 

2 .2 P 68 p 

- H - J 

3 . 1 H 61 J 

- T 61 J 

1.3 T 69 T 

1 .0 Y 65 J 

.1 T 63 s 

1.1 Y 61 J 

Pumping equi pment 

C Centrifugal 
J Jet 
N None 
p Piston 
S Submergible 
T Tur bine 

~ , 
8. 
~ .s. 
E 

2 

-

5 

-

-

-

-

5 

5 

-

5 

5 

5 

5 

-

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

; '" § 
.0 "' E , 
" S '" . 

Lati tude Long i.tude 
.,< 

Remarks ~ t;-

i ~ 

] U) 

380 if6 ' 38" 76· 04 ' 38" 1 1 Owne r's well 1. Observa tion 
well in 1966 . 

38· ,,6 ' 38" 76·04 ' 38" 2 1 b. O""n er's we ll 2 . 

38·46 ' 38" 76·0'" 38" 3 1 b. O.-m ers well 3 . 

38· 46 ' 45" 76·04 ' 36" 1 1 

38·46 ' 29" 76· 04' 39" 1 1 b. O .. ,one rl; \'lest St. well . 

38· 46 ' 45" 76·04 ' 36" 3 1 Owne r's well G. Observa tion we ll 
in 1966 . 

38·46 ' 27" 76· 04' 24" 1 1 

38·46 ' 27" 76· 04 ' 24" 2 1 

38· 46 ' 07" 76· 04 ' 07" 2 1 c . Obse rvation well in 1965 . 
Logged t o 132 ft. 

38· 46 ' 08" 76· 03' 22" 1 1 

38·46' 38" 76"04 ' 38" 4 1 b. Owner I 8 well l B. 

38· 46 ' 44 " 76·04 ' 46" 1 1 b . Owner' 5 well 6 . 

38· 46' 01" 76·03 ' 35" 1 1 Owner ' s well 7 . 

38·47' 40" 76· 0', ' 00" 1 1 Test hole 1 drill cuttings 
availa ble. 

38·',6 ' 13" 76·03 ' 08 " 1 1 b . 

38· "5 ' 23 " 76· 03 ' 30" 1 1 b . 

38· 47 ' 40" 76· 04' 00" 2 1 b . Owner's well B. 

38· 42 ' 56" 76·20 ' 10" 1 1 b. 

38·42 ' 27" 76·19' 59" 1 1 b. 

38·42 ' 32" 76·19 ' 50" 1 1 

38·"3 ' 55" 76·16 ' 45" 1 1 b . 

38·40 ' 57" 76 °10 ' 20" 1 1 b . Drill ed to 577 feet. 

38 ·44 ' 12" 76·11 ' 18" 1 1 

38·42 ' 44 " 76·12 ' 38" 1 1 b. 

38· 44 ' 28 " 76·10 ' 44 " 1 1 b . 

38·43 '16" 76·05 ' 45" 1 1 b . 

38· 42 '11" 76·02 ' 30" 1 1 b . 

38·44 ' 52" 76· 01 ' 15" 1 1 b . 

38·43 ' 38" 76· 04 ' 05" 1 1 b. 

Pumping power 

Hand Slectric log avai lable 
Gasoline Chemica l analysis a vailable 
Electricity c Gamma log available 

AccuracY La t Long 

Accura te to within one second 
Accura te to .... ithin ten seconds 
Accura te t o wi thi n one minute 

105 

~,.,rell 

number 

Tal-

Ce 1 

Ce 2 

Ce 3 

Ce 4 

Ce 5 

Ce 7 

Ce 9 

Ce 10 

Co 35 

Ce 39 

Ce 50 

Ce 6c 

Ce 61 

Ce 62 

Ce 64 

Ce 66 

Ce 67 

Da 36 

Db 35 

Db 6c 

Db 61 

Dc 2 

Dc 50 

Dc 52 

Dc 53 

Dd 53 

De 12 

De 13 

De 15 



Table 16. Re cord s of selected we ll s -- Con tinued 

Well 
numbe 

Ta1-

De 16 

De 17 

De 18 

De 19 

Of 4 

Ed 8 

Ee 1 

Ee 8 

Ee 30 

Ee 31 

Ee 34 

Wic-

& 52 

State 
per mit 
number 

T65"'155 

T65W175 

T66w7 

T66w36 

895 

T65\1135 

T65W144 

-

Owner or na lDe 

U. S . Geo l ogica l Survey 

Dougl as Sullivan 

U. S . Geol ogi cal Survey 

Shore Homes Inc . 

William T. Skipper 

Willia m K. DuPont 

Town o f Trappe 

Tr appe Froz.en Food 
Cor p _ 

Boun t iful Farms 

Richar d Lowery 

J . A. Draper 

James Ev erman 

Accuracy of l a nd surfa c e da tum 

1 Instrument l evel , accura t e to 0 . 5 ft. 
3 From topo map, accura t e to 5 ft. 
'+ From tope map, a ccur a te to 10 ft. 
5 From tapa ma p, a ecura te to 20 ft. 

Driller 

Shannahan Art. ',o,1el1 Co. 

do . 

do . 

Heikes 'Nell Co . 

Shannahan Art. We l l Co . 

Carve l H. Rude 

Shannahan Ar t. Well Co. 

do . 

do . 

Leon Jarre tt 

Carve l H. Rude 

1965 

1965 

1965 

1964 

1965 

1929 

1946 

1965 

Wicomico COWl t y 

E. R. Kauffman 1964 

53 

53 

40 

40 

19 

10 

56 

55 

50 

20 

22 

10 

G Gr a vel \<JaI l , commercia l s creen 
o Open end 
S Scre en 
T Sand point 
X Open hol e in aquifer 
Z Ot her 

106 

5 -

5 s 

5 -

5 s 

5 S 

5 X 

5 s 

5 s 

5 s 

5 s 

5 -

5 G 

J 

R 

1523 

384 

1493 

372 

184 

378 

400 

948 

413 

399 

180 

136 

7 

4- 2 

2)\-2 

2 

10-6 

4- 2 

2)\-1)2 

13 

Method of Drill ing 

o !lug 
H Hyd r aulic- r otary 
J Je tted 
R Re verse rota r y 
V Driven 

- 316 

-300 

- 150 

- 284 

- 352 
-858 
- 333 

- 359 

- 2 

15 

24 

15 

34 

20 
12 
30 

20 

124 

H 
? 
H 

Q 

Wa ter-bearing 
formation 

C Raritan 
D Magothy 
E Matawan 
G Aquia 
H Piney Point 
I Cal.vert 
K Choptank 
L St . Marya 
P Pliocene 
Q Ple istocene 
Q Holocene 



I~a t e r levels ~ r- above or below . 
<: 

Da te sea leve l -(fee t ) " ~ 
~ " ~ c Sta tic Pumping 

" ~ .5 0 

" 

- - - - -

6 65 - 17 - 112 95 

- - - - -

9 65 - 2 - 26 24 

11 64 + 3 - 31 34 

1 65 - 50 - 158 108 

- - - - -

6 46 - 13 - 191 178 

6 65 - 47 - 55 8 

5 65 - 65 - -

- - - - -

7 64 + 1 - 59 60 

Accuracy for drawdown 

o Measured, a ccuril te to 
within 1 foo t 

From drille r ' s log 
Estimated 
rteported 

" a 8. > » 0 0"" 
~ E • > 

il. c • 

~: "" .... 
~ . 

_M 
~ >< ,g 

- - -

9 4 3 

- - -

10 10 3 

18 3 3 

35 8 3 

- - -

240 1. 5 3 

20 5 3 

35 8 -

- - -

931 - 3 

Use of water 

C Comme rcial 
II Domestic 
I Irriga tion 
Y Industrial 
P Public supply 
S Stock supply 
T Institutional 
U Unused 

~ ~ '" » " " ~ 

~ t ~ 
p .'l -M . E 

a- c > ~ ~ 
, 8- 5 m~ 0 .... 

o~ '"' c " :f 0 
0 ~. la titude Longitude 

-M 

~! :f -a t.' Remarks . g " . os. 0 . . -M- => ... C 
, c 

~ 
0 a 

~ or. 0 

" 
U) 

- - - - - 38'41 ' 44" 76'03 ' 46" 1 1 a . c. Test hole I drill 
cuttings available . 

0 . 1 H 64 S 5 38'41 ' 44" 76'03 ' 46" 2 1 b . 

- - - - - 38'44 ' 31" 76'03 ' 59" 1 1 a , c . Dril l cuttings avail-
able . 

. 4 H - J 5 38' 43 ' 11" 76' 04 ' 21" 1 1 c . 

. 5 H 62 J 5 38'40 ' 58" 75'58 ' 38" 1 1 b . 

. 3 H - J 5 38'37 ' 45" 76'06 ' 44" 1 1 c . 

- p 65 c 5 38'39 ' 34" 76'03 ' 30" 1 1 b . 

1. 9 Y - T 5 38'39 ' 27" 76'03 ' 15" 4 1 Drilled to 1245 f t. 

2. 5 H 64 S 5 38'39 ' 33" 76'01 ' 56" 3 4 b . 

- H 64 J 5 38'37 ' 12" 76'03 ' 02 " 1 1 b . 

- I 61 J 5 38'36 ' 25" 76'00 ' 01" 1 1 b . 

Wicomico County 

16 I - -

Pum ping egui pnent 

Centrifuga l 
Je t 

N None 
P Piston 
5 Suhmergible 
T Tur bine 

- 38' 28 ' 02 " 75'47 ' 45" - 1 

Pum ping power 

Hand Electric log a va ilable 
Gasoline Chemi ca l ana lys is available 
El ectricity c Gamma log a vailable 

Accuracy La t Long 

Accura te to within one sec ond 
Accurate to .... ithin ten seconds 
Accurate to within one minute 
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Well 
number 

Tal-

De 16 

De 17 

De 18 

De 19 

Df 4 

Ed 8 

Ee 1 

Ee 8 

Ee30 

Ee 31 

Ee 34 

Wic-

Be 52 
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MARYLAND GEOLOGICAL SURVEY 
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Baltimore, Maryland 21218 

1. Chemical quality of water and trace elements in the Patuxent River Basin, by S. G. Heidel 
and W. W. Frenier, 1965, 52 p. ________ _________________________________________ $1.00 

2. Pleistocene stratigraphy of the Salisbury area, Maryland and its relationship to the lower 
Eastern Shore: a subsurface approach, by H. J. Hansen, 1966, 56 p. _____ ___________ 2.25 

3. Water resources of the Salisbury area, Maryland, by D. H. Boggess, and S. G. Heidel, 
1968, 69 p. __________________________________________________________________ 3.00 

4. Expandable clay in the St. Marys Formation of Southern Maryland by M. M. Knechtel, H. 
P. Hamlin, and J. W. Hosterman, 1966, 19 p. _____ ___ ___________________________ 1.00 

5. Chemical quality re<!onnaissance of water of Maryland streams, by J. D. Thomas, 1966, 
61 p. _______ __________ ______________________________________________________ 2.00 

6. Revision of stratigraphic nomenclature-Glen arm Series of the Appalachian Piedmont, 
by D. L. Southwick and G. W. Fisher, 1967, 19 p. __ ____________________________ 1.50 

7. Geophysical log cross-section network of the Cretaceous sediments of Southern Maryland, 
by H. J. Hansen, 1968, 56 p. ______________ ___ __________________________________ 4.00 

8. Piedmont and Coastal Plain geology along the Susquehanna Aqueduct: Baltimore to Aber-
deen, Maryland by E. T. Cleaves, 1968, 45 p. ________________ _______________ ____ 2.00 

9. Chemical and physical character of municipal water supplies in Maryland, by J. D. 
Thomas and S. G. Heidel, 1969, 52 p. ___ ___ ______ __________________ ______ ______ _ 1.00 

10. Ground-water occurrence in the Maryland Piedmont, by L. J. Nutter and E. G. Otton, 
1969, 56 p. ________ ___ ___ ____________________________________________________ 2.50 

11. Petrology and origin of Potomac and Magothy (Cretaceous) sediments, Middle Atlantic 
Coastal Plain, by J. D. Glaser, 1969, 101 p. __ _________ ____________________________ 3.50 

12. Paleoecology of the Choptank Formation (Miocene) of Maryland and Virginia, by R. E. 
Gernant, 1970, 90 p. ______________ __________________ __________ ___________ ____ _ 4.50 

13. Extent of brackish water in the tidal rivers of Maryland, by W. E. Webb and S. G. 
Heidel, 1970, 46 p. ____________________________ _______________________________ 1.50 

14. Geologic and hydrologic factors bearing on subsurface storage of liquid wastes in Mary-
land, by E. G. Otton, 1970, 39 p. ________________ _________ _________ __ ___________ 2.75 

15. Geology and mineral resources of Southern Maryland, by J. D. Glaser, 1971, 84 p. __ _______ 4.75 
16. Flow characteristics of Maryland streams, by P. N. Walker, 1971, 160 p. ________ ______ _ 2.50 
17. Water resources of Dorchester and Talbot Counties, Maryland with special emphasis on the 

ground-water potential of the Cambridge and Easton areas, by F. K. Mack, W. E. Webb, 
and R. A. Gardner, 1971, 107 p. _________ _____ ___ _____________________ __________ 5.25 
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