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THE WATER RESOURCES OF SOMERSET,
WICOMICO AND WORCESTER
COUNTIES

TrE GrROUND-WATER RESOURCES

BY

WILLIAM C. RASMUSSEN AND TURBIT H. SLAUGHTER

ABSTRACT

Somerset, Wicomico, and Worcester Counties, the lower three counties of the
Eastern Shore, have abundant ground water available for development. A
conservative estimate indicates 360 million gallons per day of water suitable
for most purposes available for an indefinite period from water-bearing beds
within the uppermost 500 feet of the sedimentary sequence. This is about 30
times as much as the current use, estimated at 12.4 million gallons a day. Many
million more gallons of somewhat mineralized water are available for restricted
uses or for general purposes after treatment.

The water occurs in 14 aquifers, which range in depth from the surface to
more than 7,700 feet below the surface. Four of these aquifers are used ex-
tensively down to depths of 300 feet. Eight of the aquifers are used to a slight
extent in most of the area but to an important extent locally, and wells in them
produce from depths as great as 1,706 feet. Two of the aquifers lie at depths
of several thousand feet and have not been tapped for water.

Somerset, Wicomico, and Worcester Counties are part of the Atlantic Coastal
Plain. The land forms of the Coastal Plain have an important effect upon
the retention and infiltration of rainfall, the retardation of runoff, and the
discharge of ground water by evapotranspiration. Remnants of six coastal
marine terraces account for the flatness of the landscape and the low stream
gradients. Poorly drained oval-shaped depressions, ranging in size from 7 acres
to over 17,000 acres, bounded by sandy rims of low relief are the most im-
portant minor land form. Meandering tidal streams, rejuvenated headwaters,
older remnant barrier beaches, dunes, and periglacial soils are other land
forms that control the entrance and discharge of ground water.

Above the basement, at depths ranging from 4,000 to 7,850 feet, brown
shales, intercalated gray sands and shales, red and bottle-green sandstones,
and an indurated basal conglomerate comprise 135 to 383 feet of rock which
forms a doubtful aquifer, probably containing warm, highly mineralized water.
Tt is correlated with the Triassic system. Overlying the Triassic rocks is a series

1
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of thick sands and thin shales, 600 to 2300 feet in thickness, correlated with the
Patuxent formation of Early Cretaceous age. These are overlain by more than
3000 feet of thick sands and shales of the Patapsco, Arundel, and Raritan
formations of Late Cretaceous age, which generally contain salty and brackish
water. One well yields a large flow of usable water from the Raritan formation
at Smith Island, Somerset County.

The Raritan formation is overlain by the Magothy formation, also of Late
Cretaceous age, consisting of lignitic sand and shale, 30 to 120 feet thick, repre-
senting a transition from underlying non-marine sediments to overlying marine
sediments. The Magothy formation is a persistent aquifer, encountered at
depths ranging from 760 feet below sea level on the west to 2,400 feet below sea
level on the east. Large to moderate yields of usable water are obtained from
flowing wells at Crisfield and Smith Island in southwestern Somerset County.

Overyling the Raritan formation are the Matawan and Monmouth forma-
tions, the uppermost units of the Upper Cretaceous series. They are dark-green
glauconitic sands and lead-gray clays, containing marine shells and Foraminifera.
They function as an aquiclude.

The Cretaceous system is succeeded by the Tertiary system, predominantly
marine sands and clays, divided from oldest to youngest into the Paleocene,
Eocene, Miocene, and Pliocene series.

The Paleocene series consists of alternate beds of gray, green, and brown
clay and gray glauconitic sand. The sand yields water to a few wells of moderate
to large capacity at depths of about 1,000 feet at Crisfield in Somerset County.

The Eocene series represented chiefly by a white quartz sand and glauconitic
greensand, equivalent of the Jackson group, yields moderate quantities of
slightly saline water to wells on Deal Island and Rumbley, Somerset County,
at depths of 588 and 726 feet, respectively, and to a well on the Isle of Wight,
Worcester County, which has been flowing for 40 years, yielding a highly
mineralized warm water from 1,706 feet depth. A deep city well at Crisfield
derives a large quantity of potable water in part from this group.

The Miocene series contains the important artesian aquifers which are, in
general, reached within 1,000 feet of the land surface in Somerset, Wicomico,
and Worcester Counties.

The lowermost formation of the Miocene series is the Calvert, composed of
gray diatomaceous silts and clays, containing lenses of gray sand, shell beds
and Foraminifera. It is generally an aquiclude, about 400 feet thick, but it does
contain the Nanticoke aquifer, named for production of water in the tributary
area of the Nanticoke River, at Sharptown and Mardela Springs in Wicomico
County, and Vienna in Dorchester County. The aquifer is a gray sand, about
40 feet thick, at the top of the formation, between 200 and 500 feet below
land surface. According to a short aquifer test at Fruitland, central Wicomico
County, it has a coeflicient of transmissibility of 5,500 gpd/ft. and a coefficient
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of storage of .00011. The water is soft, high in sodium bicarbonate, and low in
iron.

Overlying the Calvert formation is the Choptank formation, a gray and
brown sand and clay containing shell marl and Foraminifera. The Choptank
averages about 120 feet thick, and functions as an extensive aquifer, but it
yields water high in dissolved solids.

The St. Marys formation, overlying the Choptank formation, is an extensive
clayey-silt aquiclude. It is not known to yield water from wells, but it per-
forms a useful function by preventing the brackish waters of the underlying
Choptank formation from contaminating the waters of the overlying Yorktown
and Cohansey formations(?).

The Yorktown and Cohansey formations(?) contain two important aquifers
and two aquicludes. The basal unit, the Manokin aquifer, is extensively de-
veloped in the environs of the Manokin River, Somerset County. It is overlain
by a clayey silt, called the lower aquiclude. The Pocomoke aquifer, extensively
developed in the tributary area of the Pocomoke River, is a persistent sand
above the lower aquiclude. The Pocomoke aquifer is overlain by a bed of sandy
clay called the upper aquiclude.

The Manokin aquifer is the principal water-bearing source for Princess Anne,
Snow Hill, and Ocean City and provides large to small quantities of water to
many wells over much of the tri-county area. Its intake belt is 6 to 8 miles
wide, lying beneath a relatively thin mantle of the formations of Pleistocene
and Pliocene(?) age in western Wicomico County. It dips southeast about 10
feet to the mile to depths of more than 300 feet below sea level in the southeast
corner of the area. It is a gray, coarse to fine sand, about 80 feet thick. The
water is suitable for most purposes in the northern three-quarters of the area,
but it has a high chloride content, over 250 ppm, and high dissolved solids
in the southern fourth of the area.

The Pocomoke aquifer is the principal aquifer at Pocomoke City, and an
important source for Ocean City. It is a gray, predominantly medium-grained
sand, with an average thickness of 45 feet, which yields fairly large quantities
of water to a few wells and moderate to small quantities to many wells, chiefly
in Worcester County. The quality of water is suitable for most purposes. The
intake zone, covered by a permeable mantle of Pleistocene and Pliocene(?)
deposits, crosses Somerset, Wicomico, and Worcester Counties as a diagonal
belt, 6 to 7 miles wide, from the mouth of the Big Annemessex River through
Pittsville into the State of Delaware. The aquifer slopes southeasterly to a
depth of more than 200 feet below sea level beneath Assateague Island.

The Miocene series is overlain by a red gravelly sand, deposited as a valley
fill, and found in wells beneath most of the area. It does not contain fossils
but is correlated by lithology with the Brandywine and Bryn Mawr formations
of Pliocene(?) age, which occupy high-level terraces on the edge of the Pied-
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mont. The red gravelly sand is the aquifer of highest permeability and locally
of highest yicld in the tri-county area. Tt is the principal aquifer for the city
of Salisbury where tests show it to have an average coefficient of transmissi-
bility of 100,000 gpd, ft. and a cocfiicient of storage of 0.15. The red gravelly
sand functions with overlying sands of Pleistocene age as a single aquifer
under water-table conditions. The waters are slightly irony and low in pll (6.3),
but in other respects are the purest waters in the area.

The Quaternary system overlies the Tertiary system, with deposits of the
Pleistocene and Recent epochs. The Pleistocene deposits form the most im-
portant aquifer in Somerset, Wicomico, and Worcester Counties. They are cap-
able of large yields of ground water and supply about 72 percent of the wells
inventoried. Berlin, Worcester County, has large municipal wells in the Pleisto-
cenc series. The Pleistocene deposits are predominantly sand, have an average
thickness of 30 feet, and cover the entire area. The water is slightly irony to
irony, but otherwise good.

In general the quality of the waters is good, but iron is a problem. There is
the possibility of salt-water contamination in the coastal areas, particularly
bordering Chesapeake Bay. The deeper aquifers are brackish to highly miner-
alized.

The problems of well construction, particularly the high screen loss which
increases the pumping lift and thereby reduces the yield of wells, are described
and illustrated, because it appears to place a special limitation on high ca-
pacity wells which have only 40 or 50 feet of available drawdown, such as those
of the city of Salisbury. A hydrograph analysis of 14 years of record on Beaver-
dam Creek enabled determination of an average ground-water runoff of 602,000
gallons a day per square mile.

INTRODUCTION

LOCATION OF AREA AND PURPOSE OF INVESTIGATION

Somerset, Wicomico, and Worcester Counties are in the southern part of
the Eastern Shore, in the southeastern corner of the State (fig. 1). These three
counties are in the approximate center of the Delmarva Peninsula, with Salis-
bury, the county seat of Wicomico County, 100 miles south of Wilmington,
Delaware, and 100 miles north of Cape Charles, Virginia.

Somerset County has an area of 397.10 square miles, of which 334.89 square
miles is land and 262.21 square miles is water. Wicomico County has an area
of 397.98 square miles, of which 378.37 square miles is land and 19.61 square
miles is water. Worcester County has an area of 386.92 square miles, of which
182.54 square miles is land and 104.38 square miles is water. Total area for the
three counties is 1,582.00 square miles: land area 1,195.80 square miles, and
water area 386.20 square miles (Gazetteer of Md., 1941, p. 239). The use of sur-
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face water in the area is confined to a few pumping installations on the creeks
or on excavated ponds fed by ground water, which use the water for supple-
mental irrigation.

A cooperative study of ground-water resources on the Eastern Shore was
begun in July, 1947, by Robert R. Bennett and Rex R. Meyer with an in-
vestigation of the Salisbury area, Wicomico County, for the City of Salisbury.
In July, 1949, a systematic cooperative investigation of the ground-water
resources of the nine Eastern Shore Counties was initiated under a five-year
program. The work in the Salisbury area was extended to include the three
counties covered in this report. A preliminary report by Bennett and Meyer,
giving the principal conclusions of the Salisbury study, was released in mimeo-
graphed form in 1948. A later unpublished detailed report by Bennett and
Meyer was drawn on freely in this report, and portions of its text and numerous
illustrations are used. The remainder of it, in modified form, is included in this
report as a section on the Salisbury area under the names of Bennett and
Meyer.

The investigation of the ground-water resources of the three counties was
made under the general supervision of Dr. A. Nelson Sayre, Chief of the
Ground Water Branch of the U. S. Geological Survey, and under the immediate
supervision of William C. Rasmussen, Area Geologist of the U. S. Geological
Survey in charge of cooperative ground-water investigations on the Eastern
Shore, assisted by Turbit H. Slaughter, Assistant Geologist of the Maryland
Department of Geology, Mines and Water Resources. Other members of the
Eastern Shore cooperative ground-water staff who participated in some parts
of the investigation are Gordon E. Andreasen, Reginald P. Bailey, Durward H.
Boggess, Joseph W. Brookhart, Glenn G. Collins, O. Jack Coskery, Leonard H.
Larsen, Brice M. Sumner, and Louis P. Vlangas.

SCOPE OF INVESTIGATION

The investigation included a systematic canvass of 1,668 water wells—in-
dustrial, public supply, and domestic—constituting an estimated 10 percent
of the wells in the area but a much larger percentage of the high-capacity wells.
A total of 323 well logs were compiled from completion reports submitted to the
Department of Geology, Mines and Water Resources between 1945 and 1953
by well drillers. Additional well logs, totaling 154, were collected from well
drillers, water superintendents, consulting engineers, and others (Tables 41,
42, and 43).

To obtain additional hydrologic and lithologic data, 48 test holes totaling
3,361 feet were drilled or power augered, 17 holes averaging 115 feet deep were
drilled by jetting, and 31 holes averaging 45 feet deep were bored with a
power auger. In Wicomico County 111 holes averaging 10 feet deep were
augered by hand. In addition to the samples obtained from the test holes,
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samples were obtained from wells being drilled, collected either by the ground-
water staff or by the drillers. From the three counties a total of 4,475 samples,
representing 16,830 feet of hole, were collected. Descriptive logs were prepared
on 29 wells in Wicomico County, with an aggregate depth of 3,381 feet, but
such work was discontinued because the results did not appear to justify the
effort involved. Instead, 288 graphic strip logs, 105 sand logs, and 77 peg logs
were made.

To determine fluctuations of water levels in the three counties, ten drilled
wells were established as observation wells and observation wells were driven
at 6 other locations. Measurements on one drilled well at Ocean City were sub-
sequently discontinued. Two of the drilled wells were equipped with automatic
water-stage recorders. One drilled well was measured daily by tape. One driven
well and two drilled wells were measured weekly. Four drilled wells and five
driven wells were measured monthly. Observations are being continued on
most of these wells. More than 500 water levels were measured in the course
of the well canvass, and about 5,200 water levels were measured in the infiltra-
tion studies.

Thirteen well-field tests were conducted at 11 sites: 7 in the Salisbury area, 4
at Ocean City, 1 at Pocomoke City, and 1 at Princess Anne. The coefficients of
transmissibility and storage were determined for 5 aquifers: the Pleistocene and
Pliocene aquifers (7 tests), the Manokin aquifer (2 tests), the Pocomoke
aquifer (3 tests), and a stringer sand of Miocene age (1 test).

Microfossils, chiefly Foraminifera, with a few Mollusca, were identified for
stratigraphic correlation in 11 wells, comprising samples from 3,568 feet of hole.
Stratigraphic correlations based on microfossils by oil geologists and others
were available for 7 other wells. The total microfossil study made in this
tri-county area, including the work by oil geologists and others, was thus
brought to 18 wells, comprising samples from 29,792 feet of hole.

Detailed hydrologic and infiltration studies were made of the Beaverdam
Creek and the Rewastico Creek basins in Wicomico County. For these studies
66 observation wells were driven to depths ranging from 10 to 30 feet and
the water levels in them were measured weekly for periods of 1 to 2 years; 18
rain gages, 8 staff gages, and 6 soil-moisture stations were established; and
records from stream gaging stations on the two basins were utilized. A standard
class A evaporation station was built at the Salisbury office at which daily
observations were made.

The gravels of western Wicomico and northwestern Somerset Counties were
investigated for possible evidence of a former river channel. Numerous other
sand pits, gravel pits, brick yards, road cuts, soil profiles, sand dunes, and
clay-based dunes were examined in studying the surficial Pleistocene features.
Good natural vertical exposures are rare in the three counties, only 27 having
been found. Three short Pleistocene sections were measured.
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Water samples collected from 52 wells were analyzed by the U. S. Geological
Survey. Complete analyses were made on 34 and partial analyses on 18.
Analyses of the water from 33 wells were compiled from other sources.

Sizable areas occur within these three counties where productive wells have
not been drilled, where driven wells predominate, and records of wells are
lacking, meager or inaccurate. Furthermore many wells penetrate only the
uppermost 100 or 200 feet. The description of ground-water conditions involves,
therefore, considerable interpolation and extrapolation. However, the quanti-
tative estimates, though based on few and widely scattered aquifer tests and
incompletely defined ground-water reservoirs, are believed to be of the right
order of magnitude. The water analyses, averaging only about 10 for each
aquifer, or one analysis for each 11 square miles of land area, are only generally
indicative of the regional and local quality of the ground water.
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WELL-NUMBERING SYSTEM

The locations of the wells Iisted in this report are plotted on county maps
which are divided into 3-minute quadrangles of latitude and longitude (Pls. 6,
7,and 8). Beginning at the top of the map and extending downward, uppercase
letters designate 5-minute segments of latitude; and beginning at the left and
extending to the right side of the map, lowercase letters designate S-minute
segments of longitude. Each county has its own series of quadrangle letters
which do not correspond with the overlapping or adjacent quadrangle letters of
adjoining counties.

The wells are listed by coordinate letters and consecutive numbers. For
example, in Wicomico County, a well in I'ruitland is located in the De quad-
rangle. The first well canvassed in that quadrangle is De 1; other wells in the
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quadrangle are assigned consecutive numbers in the order canvassed. The
county abbreviation is used with a hyphen before the coordinate letters and
number. The Dulany well is Wi-De 1, to distinguish it from Som-De 1, and Wor-
De 1, which are other wells in separate quadrangles of those counties.

GEOGRAPHY
Physical Features

Somerset, Wicomico, and Worcester Counties are part of the Coastal Plain
province of Maryland and of the Atlantic Coast. Essentially the area is a low-
lying, very gently rolling plain. It is divided into three major drainage areas:
on the west the Nanticoke-Tangier Sound system, including the Wicomico,
Manokin, and Annemessex tributaries; centrally, the Pocomoke River and
Sound, with its tributaries, Dividing Creek and Nassawango Creek; and a
relatively narrow strip on the east, the Atlantic Ocean watershed, composed of
St. Martin River, and numerous small creeks which run into Chincoteague,
Sinepuxent, and Assawoman Bays, behind the barrier islands, which in turn
discharge by tidal flow through the Chincoteague and Ocean City inlets to the
open sea.

The topographic maps reveal a divide ridge in Wicomico County between
the Nanticoke and the Pocomoke drainage basins, although the countryside
appears so flat that the ridge would be recognized only by experienced ob-
servers. This broad, low ridge trends approximately north and south and stands
at an elevation ranging from 60 to 85 feet above sea level, with the town of Par-
sonsburg on the crest, at the highest elevation in the area. From the Parsons-
burg divide the land slopes almost imperceptibly towards the north, east, south,
and west. About two-thirds of the tri-county area is less than 40 feet above sea
level, and almost half is less than 20 feet above sea level.

Within the last three centuries small dams have been installed at places
where the valleys narrow, creating numerous small fresh-water ponds. Spillway
heights are 10 to 20 feet. These were originally mill ponds to provide water
power to grind grain. Examples in Wicomico County are Schumaker and Parker
Ponds on Beaverdam Branch of the Wicomico River; Johnson and Leonard
Ponds near the head of the Wicomico River; Tonytank Pond at Fruitland;
Adkins Pond at Powellville; Barren and Mockingbird Ponds near Mardela
Springs; and Rewastico Pond on Rewastico Creek. In Somerset County ponds
are rare, although there are two ponds at the head of Wicomico Creek near
Allen. In Worcester County ponds are rare, although there are two mill ponds
on Swanscut Creek near Welbourne and Trappe Mill Pond near Berlin.

Salt marshes are common along the tidal rivers. In western Wicomico County
along the Nanticoke River is a salt marsh approximately 20 square miles in
area. In Somerset County, South Marsh Island and Smith Island are almost
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entirely salt marshes; and Deal Island, Fairmount Neck, and Crisfield Neck
are bordered by large salt marshes. Worcester County has only a few small
salt marshes adjacent to Chincoteague, Sinepuxent, and Assawoman Bays.

Fresh-water swamps are also common. Poplar Hill swamp in southwestern
Wicomico County covers about a dozen square miles. The Pocomoke River has
its headwaters in the great Cedar swamp, which is principally in Delaware, but
extends into Worcester and Wicomico Counties. Cypress Swamp is a large
swamp in southwestern Worcester County, and numerous smaller swamps are
tributary to the Pocomoke River. Dublin Swamp in Somerset County covers a
large area.

The rivers and many of the creeks are meandering tidal streams for several
miles from their mouth: the Nanticoke River is tidal for over 35 miles to Sea-
ford, Delaware; the Pocomoke River is tidal for more than 23 miles, from Poco-
moke Sound to a short distance above Snow Hill; the Wicomico River is tidal
for about 24 miles, from Tangier Sound to Salisbury. Because these tidal rivers
were the chief routes of transportation when the area was settled, the head
of the tides became the site of many of the cities and towns: Salisbury on the
Wicomico; Princess Anne on the Manokin; Snow Hill on the Pocomoke; and
Quantico on Quantico Creek.

Above the head of the tides the rivers branch into creeks with a typical
dendritic drainage pattern. The drainage is consequent upon the strike of
Tertiary rocks, which is southwest, in combination with the initial Pleistocene
sedimentary slope, which is south, so that the drainage, except for a narrow
strip along the coast in Worcester County, is predominantly south and south-
west. Despite abundant rainfall the land is not extensively dissected, due to the
low elevations of the land, the fairly high permeability of the soil, and the

rapid healing of gully scars by sandy wash. The valleys have a mature appear-
ance which is probably due to the low resistance to erosion of the unconsolidated

sediments and not to a long period of development.

More than one-third of the land area is wooded, in pine, oak, gum, cypress,
and cedar. Several large forests cover central areas on the interstream divides.
The soils are loams, loamy sands, sandy loams, silt loams, and clay loams.
They are in general highly permeable.

Because of the abundant rainfall and of the presence of many local layers
of fine-grained sediments at shallow depths, a high water table exists in many
places, particularly in the wet seasons. Extensive drainage systems have been
developed under public sponsorship, chiefly on the tributaries of the Pocomoke
River.

The Maryland Eastern Shore has been terraced by the sea within fairly recent
geological time, but terracing is not apparent except to the trained eye. Numer-
ous dune and bar-like features at elevations from 0 to 85 feet above sea level
give evidence of former shoreline conditions.
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Eastern Worcester County has a beautiful ocean beach along the barrier
islands, extending the length of the shore from Delaware to Virginia. The desert
beach, with dunes and stunted trees, makes a picturesque landscape. The large
bays behind the sand bar are shallow, seldom more than 4 feet deep, with a
dredged inland waterway.

Climate

Precipitation

Table 1 presents precipitation records for Crisfield in Somerset County, Salis-
bury in Wicomico County, and Snow Hill in Worcester County, and the
average of the three from 1932 to 1952. Records of the U. S. Weather Bureau
for these stations are 33, 46, and 37 years, respectively, but with frequent gaps
in the early years. Mean annual precipitation of the tri-county area over the
selected period is 46.25 inches.

Rainfall is fairly evenly distributed through the year although the heaviest
precipitation occurs when it is most needed during the growing season in July,
August, and September. The autumn is the driest part of the year with October
the driest month. Both surface runoff and ground-water levels usually reach a
low at this time. The rain and the light snow that fall during the winter and
spring recharge the water table, because evapotranspiration is at a minimum
during these seasons and a larger percentage of the precipitation percolates
down to the water table. Morever, the winter rainfall is steady and persistent,
and of low average intensity, giving a “ground-soaker” for several hours,
whereas much of the summer rainfall is of the intensive, thundershower type, that
saturates the upper few inches of soil quickly, and then runs off.

Snow falls occasionally during the winter months, but it is light and generally
does not remain long on the ground. When it thaws, it usually seeps in, and not
much evaporates because there are none of the dry winds which are charac-
teristic of the continental interior.

Temperature

Table 2 lists the average monthly, annual and mean temperatures at Salis-
bury, Crisfield, and Snow Hill for the consecutive years of record. The mean
annual temperature of the tri-county area is 57.7° F. This is about the tem-
perature measured in the coldest well waters in the area, which are those of the
shallow water-table wells which receive recharge directly from infiltrating
rainfall.

Evaporation and wind

Evaporation at Salisbury (Table 3), was determined at the Cooperative
Ground-Water Office from a standard 4-foot pan as part of a Weather Bureau
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14 SoMERrsET, WicoMIco, AND WORCESTER COUNTIES

Class A Station. Although the record of 4 years is short, and is obtained at only
one site, it is considered fairly representative of the entire area and of the
monthly variation. Total evaporation in general follows the temperature in

TABLE 2

Average Monthly, Annual, and Mean Temperalures al Salisbury, Crisfield, and Snow Hill

Year Jan. | Feb. | Mar. Apr.‘ May | June | July | Aug. | Sept. | Oct. | Nov. | Dec. | Annual

|
1932....48.0 |43.5 42.2 53.1 [63.3 |73.2 |77.0 |76.6 69.8 [60.0 |48.0 [42.0 | 58.0
1933....44.2 |40.7 44.1 54.0 (67.2 73.8 [75.1 |76.6 74.2 |58.2 (45.5 |40.5 | 57.8
1934 .. 40.4 26.7 42.2 53.4 |’65.3 76.3 (79.8 |74.7 [71.5 |57.9 |50.9 |38.9 | 56.5
1935....136.3 38.1 |50.4 |52.0 |61.7 72.9 |77.5 |75.0 [67.9 |58.3 |52.3 |33.4 | 56.4
1936. .. 132.7 31.1 I50.6 52.2 66.0 172.6 |77.1 177.6 |71.4 |61.4 (46.7 142.1 | 56.8
1937. ... 47.1238.4 |42.4 |53.84/63.0°|74.5»76.8 |77.6 |66.4 |55.9 |46.8 i37.4 56.7
1938 ...136.9 142.3 |50.3 57.8 |63.7 |71.8 |77.7 |77.8 |68.7 |58.6 {52.2 (40.8 | 58.2
1939..../39.4 44.6 |47.1 |55.0 |66.6 (75.4 76.1 77.8 |71.5 |60.6 (45.1 I40.2 58.3
1940....(25.3 36.3 |41.3 |50.2 63.5 |74.3 76.2 |73.8 |66.5 55.0 |48.5 [43.8 | 54.6
| | |

1941... | 35.9 33.8 (39.2 |57.0 65.9 [71.7 |76.4 |75.5%|72.1%/64.9b50.7b|42.6P| 57.1
1942, .. .!34.4" 34.71/46.1b/56.2P 68.65|75.3P(79.2P 75.5":72.1"60.9b 50.2 |36.7 57.5
1943..../39.0 139.8 |45.5 |52.2 67.3 (79.1 |78.8 |77.7 |69.1 57.7 [48.1 |37.8 | 57.6
1944. .. .[38.7 39.4 44.4 [54.9 70.3 |74.6 |78.0 76.4 [71.5 |59.0 (49.0 {36.9 | 57.7
1945..../33.6 |40.1 |55.6 |60.5 63.8 |75.6 (77.4 |75.5 |74.6 |59.8 [52.7 (35.5 | 58.7
1946....139.4 (42.0 52.9 |55.7 166.1 |71.8 (76.1 |73.7 |71.1 (62.5 |54.1 |44.6 | 59.2
1947....144.6 |35.1 40.7 [56.9 [66.3 [72.0 |76.3 |78.7 71.9 [65.0 (47.3 [37.7 | 57.7
1048 . ...132.2 |39.2 48.9 155.3 64.9 73.8 |78.1 I78.8'~‘70.5“57.7‘55.5"42.7 58.1
1949 ... 44.0 45.5 |48.7%56.5%66.9*(75.6%81.9%78.0 |69.6 163.9 49.7 144.4° 60.4
1950. ...149.2"40.8 (44.2 52.7 [63.5 |73.2 “76.3 74.4 I68.4 62.0 |49.4 |37.3 57.6
1951..../140.9 |40.3 |45.3 |55.5 [64.3 |72.6 {78.0 75.7 :70.4 61.9 47.0 |43.5 | 38.0

1952....142.3 141.1 |46.14/38.1 |64.5 |77.1=

80.9276.9 [70.6 |57.5 :50.5 41.4 | 58.9

) J ey ) -
Mean..|39.3 ‘38.7 46.1 [54.9 65.4 |74.2 177.7 |76.4 70.5 {59.9 49.5 140.0 | §7.7

s Records only from Crisfield and Salisbury.
b Records only from Crisfield and Snow Hill.
¢ Records only from Crisfield.

d Records only from Salisbury and Snow Hill.
¢ Records only from Show Hill.

monthly trend. The lowest evaporation is recorded in December, 1.12 inches,
and the highest in July, 8.20 inches. The high evaporation, coupled with a high
transpiration rate of plants, prevents or reduces recharge and leads to a decline
in the water table during the summer months, in spite of better-than-average
precipitation during those months (fig. 27).

Although evaporation is governed principally by temperature, it is affected
also by wind movement and relative humidity. Table 3 summarizes total wind
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16 SoMERSET, WI1cOMICO, AND WORCESTER COUNTIES

movement just above the pan and near the land surface by months over four
years. March is the windiest month with an average of 81 miles per day and
August is low with an average of 39 miles per day.

Humidity

The average percent relative humidity at Salisbury at 9:00 a.m. is given in
Table 4 for 4 years of record. The morning reading is about the mean in the
daily cycle, although because the time of reading is closer to dawn in the
winter than in the summer, the true winter averages are probably a trifle higher
and the true summer averages a tritle lower. There is a fairly well defined sea-
sonal humidity cycle with December and January most humid, April least

TABLLE 4
Average Percent Relative Humidity at Salisbury
(reading at 9:00 a.m.)

Year Jan, | Feb.| Mar. | Apr. | May [June | July | Aug Sepl.‘Ort. [Nov. | Dec. Average
1950 § — | — | 67* | 58 | 77 1 74 | 80 | 78 | 86 | 77 | 7] 76
1951. 183 78170 [62|63 | 72|704 727376 71] 79 72
1952. 81717 68 | 62 | 65 65 |75 69| 66 | 72 | 82 70
1953. . | 80 ‘ 0| 7 6370 | 68 62|71 71|73 80 74 71
— |——|— - B Il o | pa—
Average 1801 73|70 | 63| 68 | 70 69 ‘ 74175 713 714 |78 72

*only the last 16 days

humid, March, May, June, and July moderately low humid, and August,
September, October, November, and IFebruary moderately high humid.

Population

Since 1900 the total population of Somerset, Wicomico, and Worcester Coun-
ties has increased by approximately 13,700, the greatest increase having been
in or near Salisbury, Wicomico County. Table 3 summarizes the population of
Somerset, Wicomico, and Worcester Counties for the period 1900-1950 (U. S.
Dept. Commerce, 1900-1930).

Somerset County, which is principally rural, has shown a small gradual de-
crease in population. Worcester County has shown a small increase, largely due
to the development of Ocean City as a resort. Wicomico County has grown at
an average rate of 12 percent a decade, reflecting growth at Salisbury.

Agriculture, Indusiry, and Transportalion

Agriculture is the chief occupation and the chief impetus for industry and
transport on the Maryland Fastern Shore. Of a total land area in Somerset,
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Wicomico, and Worcester Counties of 764,800 acres, 423975 acres are in
farms (Hamilton, 1931, p. 40, 46, 48). The principal crops are corn, wheat,
soybeans, and Trish potatoes. Vegetables harvested for sale are snap beans,
tomatoes, sweel corn, peas, and lima beans. Summer seasonal work is af-
forded many by tomato and vegetable canneries. Poultry production is the chief
source of agricultural income (Table 6).

Worcester County ranked first among Maryland counties in broiler poultry
production and first in the value of farm products sold (Hamilton, 1951, p. 48).

TABLL 5

Population of Somerset, Wicomico and Worcester Counties
1900-1950
T

Somerset ‘ Wicomico Worcester

25,923 22,852 20,865
26,455 26,815 21,841
24,602 28,165 22,309
23,382 31,229 21,624
20,965 34,530 21,245
20,745 39,641 23,148

TABLE 6
Average Annual Value of Produce and Powllry for Farms in Somerset, Wicomico, and Worcester
Counties in 1950

‘ |
Somerscet Wicomico ! Worcester

Total produce sold per farm .. ..... . . .| $6,663 $7,230 | $10,296
Poultry sold S eooeaana TP $4,297 $4,861 | $7,093
Poultry income to total income of farm.. . - 64% 67% 4%

Wicomico County ranked first in 1950 among Maryland counties in the produc-
tion of vegetables and sweet potatoes, and it has become a primary center for
dressing broiler poultry (Hamilton, 1931, p. 46).

The U. S. Forest Service estimated that in 1943 there were 279,000 acres of
marketable forests in Somerset, Wicomico, and Worcester Counties. Loblolly
pine is the principal wood marketed; however, some of the harder woods such
as red gum, bald cypress, and southern white cedar are also cut.

The sea-food industry is a primary occupation for many people in all three
counties. Crabbing is engaged in during the summer months and oystering dur-
ing the winter months, with the catching of fish a year-round part of the sea-
food industry.

Other industries employing several thousand persons in the tri-county area
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are shirt manufacturing, broiler dressing and freezing plants, fruit and vegetable
canneries, fertilizer and feed distribution, and specialized industries making
items such as gasoline and other dispensing pumps, knives, and small-craft
shipbuilding and repair.

The Del-Mar-Va Division of the Pennsylvania Railroad serves the peninsula
for passenger and freight service from Wilmington, Delaware, to Cape Charles,
Virginia. I'rom Cape Charles, freight is ferried across the Chesapeake Bay to
Norfolk, Virginia. The main line of the railroad runs north and south through
Wicomico County, passing through Delmar, Salisbury, Princess Anne, and
Pocomoke. Other major towns are served by freight spurs.

The tri-county area has an excellent network of hard-surface roads. U. S.
Route 13, a segment of the Ocean Highway between New York and Florida,
crosses Wicomico, Somerset, and a small portion of southwest Worcester
County in a general north-south direction. U. S. Route 50 connects Annapolis
and Baltimore to the Eastern Shore and endsat Ocean City. It is the main artery
for east-west travel and passes through Wicomico and Worcester Counties.

Water transportation, once a principal mode of travel and freight movement,
now occupies a minor role. Nevertheless, the major tidal rivers, the Nanticoke,
the Wicomico, and the Pocomoke, are still avenues for a variety of shipping.

Daily scheduled air passenger service is operated from Salisbury Municipal
Airport to neighboring Atlantic and Midwestern states. Several private airports
and companies provide charter service.

PREVIOUS INVESTIGATIONS

The geologic study of the Atlantic Coastal Plain in Maryland began during
the summer of 1608 with the historical work of Captain John Smith, who first

visited the shores of the Chesapeake Bay and noted the nature of the soil and
the existence of fuller’s earth, marl, clay, and gravel (Shattuck, 1906, p. 25).

Bibliographies on the general geology of Coastal Plain sediments are pre-
sented in the volumes of the Maryland Geological Survey on the Lower Cre-
taceous (Clark, Bibbins, and Berry, 1911), the Upper Cretaceous (Clark, 1916),
the Eocene (Clark and Martin, 1901), the Miocene (Clark, Shattuck, and
Dall, 1904), and the Pliocene and Pleistocene (Shattuck, 1906).

The first micropaleontologic work in the area was done by Woolman in 1894,
who described diatoms and other small fossils from wells at Crisfield, Somerset
County.

Darton, in 1896, wrote the first account on the ground-water conditions on
the Eastern Shore of Maryland (p. 124 133, 148-150, 154-155). Fuller (1905, p.
114-123) summarized Darton’s data. A well at Pocomoke City, Worcester
County, is listed by Tuller and Sanford (1906, p. 90-91).

Shattuck (1906) made a detailed study of the Pleistocene and Pliocene for-
mations of the Maryland Coastal Plain. The physiographic origin and relation-
ship of the terrace formations were emphasized.
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Singewald (1911) described two localities of bog iron ore in Wicomico County
and one in Worcester County. These bog ores are formed by the leaching of
iron by ground waters and the deposition of iron hydrate in stagnant ponds
through oxidation and hydration in the presence of humic acids. The ores are
an indication of the prevalence of iron in the shallow waters of the area.

A report by Clark, Mathews, and Berry (1918) includes brief descriptions
of the geology, surface waters, artesian, and nonartesian waters of Somerset,
Wicomico, and Worcester Counties, and presents tables of well logs, water
analyses, and general water supply of the area.

In 1925 D. G. Thompson made a brief investigation of the ground-water
conditions at Salisbury. Subsequent test drilling resulted in the location of the
first large-diameter, large-capacity wells for the city waterworks in the shallow
sands along the artificial ponds on Beaverdam Creek. J. M. Given, Jr., repre-
senting the contractor, wrote a letter-memorandum to the city giving the re-
sults of the drilling. He concluded that the artesian sand (the Manokin aquifer
in the present report) had too low a permeability to supply the large-capacity
wells needed by the city.

Stephenson, Cooke, and Mansfield (1932) reviewed the geology of the
Chesapeake Bay region, making important contributions to the areal strati-
graphy. Cooke (1930-1952) extended the study of Pleistocene terraces, begun
by Shattuck, along the entire Atlantic Coastal Plain, making observations per-
tinent to the Pamlico, Talbot, Penholoway, and Wicomico terraces which cover
Somerset, Wicomico, and Worcester Counties.

Richards (1936) studied the marine {ossils of the Pleistocene Pamlico forma-
tion (that forming the Pamlico or 25-foot terrace), which extends over much
of western Wicomico and western Somerset Counties and eastern Worcester
County. His study (1947) of “Invertebrate fossils from deep wells along the
Atlantic Coastal Plain” includes specimens from Salisbury, Pocomoke City,
Ocean City, and Crisfield. He has also published logs, cross sections (1945, 1948,
1950, 1933; Straley and Richards, 1948), and structure maps defining a syn-
clinal trough in the sedimentary beds and a channel in the bedrock extending
through Worcester, Wicomico, and Somerset Counties, which he has named
the “Salisbury embayment”.

Three oil companies drilled deep test holes during the period 194346 in Wi-
comico and Worcester Counties. A comprehensive report on the logs of the
wells was made by Anderson and others (1948).

A magnetic survey of Worcester County and the eastern portion of Wicomico
County was released in 1946 (Balsley and others; see also Kuehn and Dent,
1947). Two prominent magnetic highs in the vicinity of Show Hill and Girdle-
tree were considered due to basic intrusives of high magnetic susceptibility
in the basement complex about a mile below the land surface.

In 1948 Jensen made a reconnaissance of the gravels in western Wicomico
County and northwestern Somerset County, in which he postulated the channel
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of a Pleistocene river from Vienna to Princess Anne with deposits of sand
and gravel ranging from sea level to 18 feet above sea level. More detailed in-
vestigation indicates the alternate interpretation of a beach shingle in the
Pamlico formation and stratified drift, composing the Parsonsburg sand.

Shifflett (1948) described the microfossils of the Bradshaw well, Som-Ea 2,
at Ewell, Smith Island, Somerset County, and established correlations, with
particular reference to the formations of Eocene age.

Spangler and Peterson (1950) reviewed the stratigraphic correlation of forma-
tions of the Atlantic Coastal Plain and presented a number of structure and
isopach maps. Some of their conclusions have been challenged by Dorf (1952)
and by Johnson and Richards (1952).

McLean (1950) described the microfossils in a deep well at Crisfield, Somerset
County.

In 1951 the Transcontinental Gas Pipe Line Company, in search for gas
reservoir storage structures, had three test holes (Wi-Cf 61, 62, and 63) drilled
and electrically logged in Wicomico County, 2 to 4 miles east of Salisbury. No
structure suitable for storing gas was indicated.

Data on fluctuations of water level in observation wells in Wicomico County
date back to 1947 (R. R. Meyer, 1951, p. 189-193) and 1948 (Gerald Meyer,
1951, p. 174-176), in Worcester and Somerset Counties to 1949 (Brookhart,
1952, p. 181-186).

In 1952 Breitenbach and Carter published a preliminary study of the 25-foot
(Pamlico) terrace in Maryland, in which they record 11 localities of that ter-
race in Worcester County.

Coastar Praiy GEoLOGY

Somerset, Wicomico, and Worcester Counties are on the coastal margin of
the land portion of the Atlantic Coastal Plain. The Atlantic Coastal Plain is
underlain by a large volume of sediment, in part carried by streams from the
Appalachian Mountains and the Piedmont province. East of the Fall Line, the
eastern boundary at the Piedmont province, the active erosion of the rivers
decreased and deposition and aggradation occurred in extensive alluvial fans,
in deltas, in estuaries and bays, and in deposits of the open sea.

STRATIGRAPHY

The huge wedge-shaped mass of sediments that underlies the Coastal Plain is
illustrated in the cross-section in Plate 1. The sediments lie upon a sloping sur-
face of hard crystalline rock of pre-Cambrian and Paleozoic age, called “the
basement.” They range in thickness from a few feet at the Fall Line to more
than 8,500 feet heneath the Atlantic shore. Beneath Somerset, Wicomico, and
Worcester Counties the sedimentary rocks range from a mile to more than a
mile and a half in thickness. The Coastal Plain sedimentsare composed of sands,
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greensands, gravels, silts, clays, shales and shell beds. They are correlated into
geologic formations of the Triassic, Cretaceous, Tertiary, and Quaternary sys-
tems (Table 9).

STRUCTURE

The structure of the Coastal Plain sediments is a huge homocline dipping
in a southeasterly direction (P’l. 1). The strike of the sediments is in general
northeasterly, approximately parallel to the I'all Line.

A cross section through the Coastal Plain sediments, approximately parallel
to the Fall Line but 30 to 100 miles east of it (fig. 2), shows thal the sediments
occupy several troughs in the basement complex, separated by broad ridges.
One of these {roughs has been named the “Salisbury embayment” (Richards,
1948, p. 54) because the axis passes through Worcester and Wicomico Counties
in the vicinity of Salisbury.

There has not been sufficient deep drilling to indicate the true centerline of
the embayment. The structure maps by Anderson (1948, fig. 24) and by Spang-
ler and Peterson (1950, fig. 12) on the configuration of the basement show the
axis of the trough close to the Maryland-Virginia boundary, extending from
Chincoteague, Virginia, to the mouth of the PPotomac River. The successively
higher structure maps by Spangler and Peterson (1930, figs. 13, 14, 15, and 16)
show a shift in the axis of the trough northward during Cretaceous time, so
that the axial line of the trough on the top of the Cretaceous system runs from
Rehoboth, Delaware, toward Baltimore. By the close of the Eocene epoch the
trough appears filled (op. cit., fig. 17), and sedimentation occurred thereafter
along a uniform slope.

The “Salisbury embayment’” may be a synclinal trough, or area of progressive
gradual downwarp during the Cretaceous period, with a general trend and
pitch from Washington, D. C., to Salisbury.

An alternate interpretation, suggested by Cederstrom (1943, p. 34), is that
the “Salisbury embayment” is due to faulting during Cretaceous time. In
conformity with this idea the embayment would be a fault block, or graben.

A third explanation would be that the embayment is simply a large valley-
way on the old basement erosion surface. The coarse sediments, lenticular, non-
fossiliferous, and probably non-marine, encountered in the lower parts of the
three deep oil tests in Wicomico and Worcester Counties, have the appearance
of an intermontane valley fill in keeping with this explanation.

Table 7 gives the rates of dip, in feet per mile, along the line AA” in Plate 1.
They indicate the prevailing southeastern dip of the beds and higher rates of
dip at greater depths. Available subsurface information is not sufficiently ac-
curate and closely enough spaced to disclose any minor structural features,

such as small domes or faulting, in this area.
The structural control which has the greatest effect upon the recharge and
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storage of ground water, and upon the possibilities of salt-water contamination
of the reservoirs, is the prevailing southeasterly homocline. The following
examples illustrate this effect.

Cretaceous formations which cross the estuary of the Potomac River near
Alexandria, Virginia, dip southeasterly towards Crisfield, Somerset County,
where they occur at 1,060 feet below sea level, and provide water for the city
of Crisfield. Present rates of pumpage at Crisfield are such that these wells are
probably still deriving most of their water from storage in the aquifer. How-
ever, there is recharge opportunity along the intake belt which extends from
near Richmond, Virginia, through Washington, D. C. and Baltimore, to Wil-
mington, Delaware. Where this intake belt crosses the head of the Chesapeake

TABLE 7
Rates of Regional Dip, Coastal Plain Series of Maryland
Southeast gradient on top of the series along the line A-A’ of Plate 1 (in fect per mile)

Wades Point | Cambridge to | 6 miles east of

Patapsco River 6 miles east | Salisbury to the

Series to \ggtig?lg)mt to %)ami}i:’lsdge Ofsgagfll?;ry A“’;g‘gi&”“
Pleistocene. . . . R = 0 0 3
Pliocene (?)... .. o — 0 0.3 8
Miocene. .................. . — 0 1.5 10
Eocene.. . .. B . = 11 22 42
Paleocene. . . ... B . — 10 20 39
Upper Cretaceous. . . — 15 17 59
Lower Cretaceous. . . . 43 55 55 73
Basement........... 58 58 04 146

Bay, the waters are predominantly fresh. Higher fresh-water heads in adjacent
highlands of the intake areas should, in general, protect these aquifers from salt-
water encroachment. However, leaky wells and great pumpage in the Balti-
more area have already caused serious salt-water contamination there (Bennett
and Meyer, 1952, p. 1-4). At the slow rates of movement of ground water,
1t may take many years for the contamination to extend down dip, and fresh-
water recharge from the highland areas may even prevent such extension.
There 1s the possibility, however, of the advance of brackish waters up dip, from
the direction of the ocean.

Another example of the influence of the regional homoclinal structure upon
the intake of ground water and its discharge to wells are the Eocene formations,
one of which provides water for Crisfield, and for Cambridge and many other
wells in Dorchester County (L 1). The Eocene formations have an intake area
which crosses the Potomac River from Virginia to Maryland in the great bend,
passing across Charles County, through Annapolis in Anne Arundel County,
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Chestertown in Kent County, and the Middletown area in New Castle County,
Delaware. Water is capable of moving down dip, through a series of overlapping
sands and greensands, from elevations of 35 feet or more above sea level
(Overbeck, 1948, fig. 18) in Charles County to the Crisfield well, Som-Ec 4,
which discharges water a few feet above sea level from an Eocene sand at the
depth of 809 to 819 feet below sea level. The intake belt of I2ocene rocks crosses
the Chesapeake Bay in the vicinity of the Bay bridge. There has been concern
over whether the brackish waters of the Bay would infiltrate the Eocene aqui-
fers and move down dip on the homoclinal structure, but no evidence of exten-
sive contamination has yet been found.

Additional examples of the influence of regional structure upon the recharge
and movement of ground water are given in the discussions of the Manokin
and Pocomoke aquifers of Miocene age.

The Pliocene(?) and Quaternary deposits have a channel structure which
controls to a large degree the movement of ground water and, perhaps, affects
the recharge of the artesian aquifers. This structure has developed by the filling
of river valleys with coarse sandy detritus. Apparently the erosion of the conti-
nental land mass, which occurred as the Miocene seas withdrew, resulted in the
excavation of valleys which had a relief of 100 to 200 feet. These valleys were
filled with red gravelly sand, presumably during the Pliocene(?) epoch.

The history of the early Pleistocene is not well deciphered, although it was
probably one of continued build up of an alluvial and littoral plain, cul-
minating in swamps about middle Pleistocene time (Yarmouth interglacial
stage). Extensive valley excavation began, probably in the Illinoian glacial
stage. After the next interglacial inundation (Sangamon), with some terrace
formation, the valleys were excavated once more during the last glaciation (Wis-

consin stage). Since then, these valleys have been refilled with sandy wash.
Consequently, several filled valley systems criss-cross the Llastern Shore and

provide avenues for the movement of ground water.

Because the channel deposits are filled with ground water, their discharge
or overflow is at present controlled chiefly by existing topography along
present stream channels and drainage ditches. Should there be an intensive
development of wells to provide irrigation or for industrial use, the channel
structure would become the predominant control of the low and movement of
ground water and wells would tend to become concentrated in the areas over
the buried channels.

GEOMORPHOLOGY

The Coastal Plain of the lower Maryland Eastern Shore appears monoton-
ously level to the untrained eye. Actually, there are many surface features of
diverse origin. There are terraces, stream channels, drowned valleys, peculiar
basinlike depressions, swamps and marshes, remnant dunes, bar-like features,
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and disturbed soils, which have been formed during late geological time (Pleis-
tocene and Recent epochs).

Terraces

The coastal margin of the Atlantic shore and the margins of tributary bays
and estuaries are faced by plains of low gradient. These plains do not rise to
the divides or to the Piedmont hills in a single sloping surface, but are inclined
gently upward in a series of low steps, or terraces. The break between two
terraces is indicated by features of micro-relief which are hard to observe, and
which, because of recent erosion and vegetative cover, are in many places absent
or obscure, so that even trained observers have engaged in controversy over

whether there are 2 terraces or 7 (Flint, 1940; Cooke, 1941).

The terraces are evidence of recent higher stands of sea level, and their
number and sequence must eventually be keyed (Cooke, 1930a, b; 1932, 1935)
to the great advances and retreats of the continental ice mass, which has
waxed and waned at least four times (Coleman, 1941), creating inverse low and
high levels of the sea. These events may have had considerable influence upon
the quality of much of the underground water stored not only in the terrace
formation but also in the deeper aquifers whose intake areas were exposed to
saline waters within this recent epoch.

Shattuck (1901, 1906) recognized and defined four terraces (in addition to the
Recent) along the shores of Maryland and adjacent states. Cooke has affirmed
Shattuck’s basic ideas and increased the numbers of terraces to seven (1936a,
1937, 1939, 1943, 1943). Many other geologists have described the terraces of
the Atlantic Coastal Plain, in places adding evidence of local intermediate
terraces which have not been found to be regional in extent.

The terrace boundaries are parallel with the present-day sea level, demon-
strating a remarkable stability of the Atlantic Coastal Plain since early Pleisto-
cene time. There have been those who have doubted the horizontality of the
terraces (Johnson, 1930; Dryden, 1935), but they have not adduced supporting
evidence for their doubts (Cooke, 1930b). Much evidence has been accumu-
lated, chiefly by semicontinuous tracing of contour groups, that the terraces
maintain the same ‘strand line’ for almost the entire length of the Atlantic
Coastal Plain. These strand lines represent eustatic changes of sea level at-
tributed to the melting of the ice cap during interglacial stages.

Table 8 shows the terraces supposedly present in Somerset, Wicomico, and
Worcester Counties. Some evidence exists for all these terraces in the three
counties. There is especially good evidence, however, for the Talbot terrace in
Wicomico County, the Pamlico terrace in Wicomico and Worcester Counties,
and the Princess Anne terrace in Worcester and Somerset Counties.

Plate 2 illustrates west-to-east profiles of the three counties along each 3
minutes of latitude constructed from the U. S. Geological Survey 7!g-minute




26 SOMERSET, WicoMico, AND WORCESTER COUNTIES

quadrangles. Interpolated points along the drainageways and from the old
quadrangles, with 10-foot contour interval, were used to improve the control
along the low level necks of Somerset County. Elevations below sea level were
taken from soundings on the charts of the U. S. Coast and Geodetic Survey.
The profiles emphasize the terrace surfaces and scarps, and yet show many
intermediate slopes. The terrace surfaces seem to have a more gentle profile
than the near-shore portion of the present floor of the Atlantic Ocean.
Evidence of terraces is found also in a lineation of gravel pits, dunes, and bar-
like features, with adjacent swales containing black, organic soils. IField work
in Wicomico County substantiates the 40-foot Talbot terrace on this basis.
Breitenbach and Carter (1932) have confirmed the presence of the Pamlico
25-foot terrace in Worcester County. Plate 2 indicates several surfaces about
10 to 15 feet above sea level with a scarp from 12 to 20 {feet above sea level

TABLE 8

Terraces below the 100-foot Contour on the Atlantic Coastal Plain

Name Rang?iinnleeel\:"ation Elevatio(n;nogctéyt);xr limit
Wicomico. . . . ......... ... ... ‘ 70 to 100 90 to 100
Penholoway. . .. ....... ... ... ... 40 to 70 70
Talbot. .. .. A = 25to 40 40
Pamlico. .. ... ... e : - 15to 25 25
Princess Anne. .. ... .. .. .. 6to 15 15
Sitver Bluff. .. ... ... ... .. ... .. Oto 6 ' ()

which confirms and extends the Princess Anne terrace traced by Wentworth
(1930) on the seaward side of the Virginia Eastern Shore.

The terrace surfaces have been assumed by some geologists to be associated
with terrace deposits, which have been given formation names equivalent to
the ferrace under which they le. Tietd work in Somerset, Wicomico, and
Worcester Counties confirms the opinion of others that terrace deposits are
primarily a veneer, and that the main mass of Pleistocenc material is older
than the terraces which truncate the surface.

Maryland Basins

The dominant secondary land forms of Somerset, Wicomico, and Worcester
Counties are shallow oval basins bounded by low rims. Although these basins
dot the entire countryside, their relief and figure are so subdued that many of
the local residents are unaware of their existence, and others, though familar
with the “whale wallows,” as they are locally known, do not realize their geo-
graphic importance.

Most of the first trails were blazed on the rims of these basins, because the
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low central areas were frequently too marshy to cross (Pl. 13). Primitive roads
followed the trails, so that almost all the early county roads proceed in broad
curves, passing from basin margin to basin margin. Rural cabins were built on
the dry ground of the basin rims, and colonial mansions were usually con-
structed on the higher sandy hills where rims coalesced. The early pattern of
cultivated ficlds followed the basin rims, and only encroached upon the centers
of those basins which had natural drainage, or which could be drained by simple
ditching. Extensive drainage works are required before the central areas of
many of the basins can be farmed. The forestation and the value of timber have
been dependent upon the basin form: the Virginia and short-leaf pines and the
highland hardwoods grow more readily on the rims; the cedar, cypress, black
gum, yellow poplar, and loblolly pines grow more readily in the hasins. The
soil in the basin is usually darker, thicker, and more organic than the sandy
loams on the rim.

Although modern roadbuilding, land grading, drainage, and cultivation prac-
tices are tending to obliterate the basins, they will continue to exert an impor-
tant influence upon the infiltration, storage, and movement of ground water.
This will, in turn, affect the growth of industries and municipalities and will
control, in part, the more favorable areas where supplemental irrigation from
farm ponds and wells can be economically developed.

The location, distribution, orientation, and variation in size of these peculiar
features are shown in Plate 3, derived Dy the coincident study of more than
1,000 aerial photographs of the three counties and the photo-index mosaics
(U. S. Dept. of Agriculture, 1952), with the cultural pattern and topography
on the county maps of the Department of Geology, Mines and Water Resources.
The map shows 1,482 basins, about 13 of which were checked in the field to test
the validity of the photo interpretation. These are probably not all the basins
because some may be obscured in the heavily forested areas, and others are
obscured by recent changes in cultivation, drainage, and roadbuilding.

The basins are predominantly oval in shape. They appear to have been
formed by the deposition of rims of sand on the pre-existing plain. The rims
rise 4 to 20 feet above the central area. The rim of a basin is not usually at the
same altitude all the way around, but the crest line of the rim generally slopes
in the same direction as the surrounding plain. The long axes of the basins range
in length from about 0.15 mile to 7 miles, and the short axes range from 0.10
mile to 5 miles. The basins range in area from about 7 acres to over 17,000
acres. The larger basins may be likened to the “Carolina bays.”

The rims are narrow, in general, ranging from a few tens of feet to a few
hundred feet wide. They are wider and higher where two or more basins co-
alesce. Low stabilized dunes cap the sandier rims. They are imperfectly pre-
served and apparently were not developed uniformly around the perimeters of
the basins. There appears to be no predominant direction for greater develop-
ment.
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There are also basins within basins. The rims of some of the basins overlap
or cross over those of other basins, but most of them are self-contained. The
orientation of the axes of the basins is diverse.

It is not within the scope of this report to delve into the relationship of these
basins to **Carolina bays,”’ New Jersey basins,” or “‘oriented lakes of Alaska”;
nor 1o develop any of the many hypotheses of origin: meteorite scars (Melton
and Schriever, 1933; Prouty, 1932); solution sinkholes (Smith, 1931, LeGrand,
1953); rotating currents (Cooke, 1940); shoals of fish (Grant, 1945); complex
artesian-solution-lacustrine-eolian processes (Johnson, 1942); periglacial ice-
caving, and frost wedging (Black and Barksdale, 1949; Wolfe, 1953); or stranded
icebergs (Kelly, 1951; Kelly and Dachille, 1953). The oval-shaped basins were
studied because they have an important effect upon the capture of rainfall
and its retention in the soil to provide optimal opportunity for infiltration, the
retardation of runoff, and the discharge of soil moisture and ground water in
large quantities by evaporation and transpiration.

Because the rims of the basins are composed of stratified sand and gravel,
with occasional erratic cobbles and boulders, they are considered to be a
stratified drift which is called the Parsonsburg sand in this report. The view
adopted here is that the rims were formed by sedimentation around icebergs
which were stranded against the Eastern Shore land mass during some short-
term higher stand of the sea in late Pleistocene time. Whether the sediments
were deposited as a littoral marine drift, or whether the waters receded and the
sediments were deposited chiefly under subaerial conditions, is not known.
The erratic cobbles and boulders would thus have been rafted to their present
site by the icebergs. Floe ice may be considered an alternative to bergs of deeper
draft, but, in either method of rafting, water levels more than 85 feet above
present sea level would have been necessary to beach the icebergs on the highest
divide. The freshness of the rims on the higher as well as the lower slopes sug-
gests that the basins were almost contemporaneous. The basins are thus kettle-
holes, in the broader sense, developed on a marine plain.

Regardless of mode of origin, the basins have an important function in re-
taining rainfall on the land to provide a large percentage of recharge to the
ground-water reservoirs, and in providing sheltered and well-watered areas for
Juxuriant plant growth which serve as avenues of discharge from the soil and
from the water table by evapotranspiration.

Stream Channels and Drowned Valleys

The lower portion of the streams in Somerset, Wicomico, and Worcester
Counties (Pls. 6, 7 and 8) is meandering, whereas the upper stem and branches
are relatively straight. The meandering portions are chiefly below the 25-foot
contour. The Pocomoke River is typical, with broad meanders in a swampy
flood plain, although the old stream channel is now partially obscured because
of the drainage canals.
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The meandering streams are entrenched at tide level and form meandering
estuaries. Campbell stated (1927) that the meanders in the sea-level course of
a river must have been formed when the river bed was above sea level; that a
stream flowing at tide level does not corrade its banks nor impinge on the outer
curve, but tends to follow a median channel; and that a tidal stream has no
power to cut off its meanders. The meanders of the Nanticoke, Wicomico,
Manokin, Annemessex, and Pocomoke Rivers, as well as those of Barren, Re-
wastico, Quantico, Wetipquin, Swanscut, and Trappe Creeks, were probably
formed shortly after the Pamlico terrace plain emerged from the sea. Runoff
from the headwater creeks discharged upon the relatively flat emergent marine
plain and developed the typical meander bends, cut-off meanders, and oxbow
lakes of streams in old age. Sea level was probably about 25 feet below the sea
level today. Soundings, recorded on charts of the U. S. Coast and Geodetic
Survey, outline a terrace scarp in many of the rivers tributary to the Chesapeake
Bay at depths of 20 to 30 feet below mean low water.

It is probable that a higher grade in the lowest course of these streams formed
a rapids zone which migrated headward in the unconsolidated sediments and
entrenched the meanders. Later, when sea level rose to its present datum, the
entrenched meanders in the lower portion of the streams were submerged.
Under the reduced gradient created by raising the base-level of erosion, the
streams backfilled their meanders in the range from sea level to the 25-foot
elevation, developing the choked, swampy flood plains prevalent in the lower
reaches.

The profile of Beaverdam Creek (fig. 3), the east branch of the Wicomico
River, from the tidal dam in the city park at Salisbury to the headwaters along
the Parsonsburg divide, shows three knick points, or changes in gradient, one
about 13 feet, a second about 28 feet, and a third about 42 feet above sea level.
These three altitudes coincide approximately with the upper limits of the Prin-
cess Anne, Pamlico, and Talbot terraces. The well developed flat above 42 feet,
in contrast to the slope above 28 feet, may indicate that the strecam had a
longer period to come to grade during Talbot time than it did during Pamlico
time. One may conclude, therefore, that the stream established a more mature
grade during the Princess Anne sea stand than during Pamlico time. There is a
faint knick-point on the profile at about 61 feet which may be the headward
remnant of the Penholoway submarine terrace, which has been almost obliter-
ated by erosion since Penholoway time.

It would be desirable to have many profiles of streams of the Eastern Shore
in order to determine the physiographic history of terraces and rejuvenation of
grade. Unfortunately, profiles, such as in figure 3, require detailed surveying.
The topographic maps on a 20-foot contour interval are too coarse to use be-
yond the most pronounced stream and terrace features.

The valleys of the lower Eastern Shore are geomorphically mature, in con-
trast to the intervening terrace plains, which are youthful. The maturity is
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probably due more to the ease of erosion of the unconsolidated sands, silts, and
clays than to any extensive period of time or intensive mode of weathering. The
one profile available indicates that the streams have been affected by at least
four incomplete erosion cycles, and have been rejuvenated three times.

The most recent episode, the creation of the “basins,” undoubtedly had an
additional effect upon the stream channels and drowned valleys. Not only the
headwaters, but also the main courses of the streams, show some control by
basin rims. In many of the lower portions of the streams the outline of a basin
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can be traced athwart the main axis of the stream, and some of the complex
meandering could be attributed to the presence of the basins.

Barriers and Swales

The plains of Somerset, Wicomico, and Worcester Counties have numerous
dunes and Dbar-like features with elongated swales alongside them, which have
heen given the name ‘‘barriers,” and which are like the barrier beach and
harrier islands along the Atlantic Coast today (see Shepard, 1952, for restricted
definitions of “barriers” as opposed to the loose usage of “‘bars” and “offshore
bars”). The broad lowlands behind the barriers form broad swales which are
part of the major valley systems.
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Fenwick and Assateague Islands are the barrier of the modern shoreline;
and Chincoteague, Sinepuxent, Isle of Wight, and Assawoman bays form the
back-bay swale. The exposed barrier ranges from 0.14 mile to 1.5 miles wide,
and the submerged bays range from 0.4 mile to 6 miles wide. Altitudes on the
islands range from sea level Lo 25 feet above sea level on the crest of the dunes.

Across Sinepuxent Bay is a remnant barrier of Lower and Upper Sinepuxent
Necks, 11 miles long, and 0.3 to 1 mile wide. Altitude ranges from sea level to
11 feet above sea level. Behind these necks is a broad swale, 0.5 mile to 2 miles
wide, formed by the valleys and brackish marshes of I'rappe, Ayer, and Herring
Creeks. This barrier and swale may have been active in the Silver Bluff (6-foot)
or Princes Anne (15-foot) seas, possibly bearing a dune cap 20 feet above the
present sand base.

Another probable former barrier island in Worcester County is a broad ridge
that passes north from Stockton through Girdletree, Scarboro, Spence, Cedar-
town, Newark, Ironshire, Berlin, St. Martin, and Pine Ridge. This ridge stands
30 to 45 feet above sea level, and probably served as a barrier island in the
Pamlico (25-foot) sea. The ridge ranges from 3 miles to 6 miles wide above the
25-foot contour line. The swale behind this barrier ridge is now the valley and
marshland of the Pocomoke River, in general, 1 to 3 miles wide (below the 25-
foot altitude). This barrier ridge is the watershed divide between the Pocomoke
drainage basin and the short tributaries to the Atlantic Ocean.

There is no true barrier island for the Talbot sea-level (42 feet). The Wor-
cester County barrier, described above, may have existed in Talbot time as a
shallow offshore bar or reef, with waves breaking over its crest. There was a
landmass above 42 feet altitude comprising central and eastern Wicomico
County, the Pocomoke forest area of western Worcester County, and a narrow
margin of northeastern Somerset County. This landmass rose to about 85 feet
above present sea level or 43 feet above the Talbot sea as the southern end of a
narrow Delmarva Peninsula. No prominent swales are identiftable, although
upper Nassawango Creek and upper Wicomico Creek probably trenched the
surface.

The Parsonsburg divide area, 60 to 85 feet above sea level, may have existed
as a narrow barrier key island at the southern tip of the Delmarva peninsular
keys in the Penholoway sea (70 feet above modern sea level). This low sandy
island, rising only about 15 feet above sea level at that time, was about 1 mile
wide and 3.5 miles long, trending south to north.

Dunes

The dunes of Somerset, Wicomico, and Worcester Counties are scattered
over the landscape, from sea level to the top of the Parsonsburg divide. Their
form, orientation, and size may be significant details in the late Pleistocene and
Recent history.
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The most active and prominent dunes range from high tide to 25 feet above
sea level along the Atlantic seashore, on Fenwick and Assateague Islands. Most
of these dunes are bare sand, slowly growing or decreasing in response to changes
in the direction and volume of windblown sand. They appear to be wasting as
fast as they grow, and are not migrating except on the northern end of Assa-
teague Island, where the waves have caused the barrier island to retreat land-
ward about one-quarter mile along a 5-mile stretch of bare beach. In general
the long axes of these dunes trend along the barrier. The dunes which front on
the ocean shore are bare of vegetation, but those behind the first protective
line, and particularly those on the back-bay side, have been stabilized by coarse
grass and scrub pine. No “Maryland basins” have been positively identified
along the modern barrier islands, although several ovoid features appear in the
back-bay marsh—for example, the semi-oval formed by the Pirate Islands and
Whittington Point, near Green Run Lodge, on Assateague Island. These
features are imperfect in outline and may be formed by modern tides and cur-
rents, which are capable of forming semi-oval lunate bars and cusps.

The former barrier island represented by Sinepuxent Neck is peculiarly de-
void of dunes comparable to those along the modern barrier. It would appear as
though they had been washed away by storm or tidal waves. Instead, only low
{5-foot) stabilized dunes on the rims of the Maryland “basins” are recognizable.
The presence of the basins shows that this fairly recent barrier was formed
before basin formation.

Along the Nanticoke River banks, in Wicomico County, many dunes are
found at about the 10- to 20-foot altitudes, from Sharptown, Athels Neck, We-
tipquin, and Tyaskin to Nanticoke. Numerous blow-outs are marked by
hachured contour lines on the topographic maps.

Low-level dunes are much less common in Somerset County along the Tangier
Sound. A few appear about the 10-foot contour in Fairmount and Revels Necks.

There are many stabilized dunes in the 10- to 40-foot range on the mainland
of Worcester County. They do not seem to have a prevailing orientation, their
long axes trending in random directions. They cap the crest of basin rims, and
are particularly high where rims cross or coalesce.

Dunes and bar-like features in the range of altitude from 33 to 35 feet in Wi-
comico, Somerset, and Worcester Counties are not entirely random, but, in
general, parallel present water courses, and have a cross-county lineation which
may mark the zone of the shore and beach of the Talbot 42-foot sea level. They
lie on the rims of “basins” and do not appear to have migrated.

Dunes in the 60- to 75-foot altitude range appear to be random in orientation.
The Parsonsburg divide ridge, from 70 to 84 feet above sea level, stands like an
ancient barrier key with sand dunes on its crest which have the north-south
alinement of the ridge.

An unusual feature of some of the dunes in the range from 43 to 70 feet above
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sea level is that they have a silt-clay base, 6 to 12 feet high, with a sand cap
1 to 5 feet thick. One of these clay-based dunes, 5 miles northwest of Salisbury
and 1.5 miles northeast of Hebron, is called Spring Hill, because springs issued
from the clay contact of the perched water table on its cap and flowed inter-
mittently following soaking rains. They have not been flowing in recent years,
possibly because the people living on the hill have cultivated much of the sur-
face in lawn and garden. Another clay-based dune, 70 feet in top elevation, is
1 mile east of the Salisbury municipal airport. Still another group of clay-based
dunes are sectioned in roadcuts along State Highway 350, 1 to 2 miles west of
Powellville. The silt-clay at the base of one of these hills has scatiered quartz
sand grains interspersed through the matrix.

A combination of two explanations is offered for these clay-based dunes. The
first explanation is that part of them were actually formed as dunes composed
of clay pellets, the way clay dunes are forming near Corpus Christi, Texas
(Huffman and Price, 1949). This idea is supported by the scattered sand grain-
clay matrix texture. However, test augering through the dunes and into an
underlying medium- to fine-grained sand and the structure in the roadcuts
indicate that the clay layers are erosional remnants of the once extensive
Pleistocene Walston silt. These erosional remnants served as wind-breaks, on
which a cap of dune sand was deposited.

The age of the dune deposits which are found at almost all elevations above
sea level may prove to be an additional key to the Pleistocene and Recent
geological history. However, probably the vast majority of the dunes, particu-
larly those of random orientation, merely mark the rim of a Maryland “basin,”
where loose sand has received some sorting by the wind, but was anchored by
vegetation without migrating.

Periglacial Soils

The aerial photographs of northeastern Wicomico County and northwestern
Worcester County (U. S. Dept. Agriculture, 1952, ANM-2K-22 to 34, and
ANN-2K-12 to 19), in the vicinity of Willards and Whaleysville, show a peculiar
mottled appearance in the soils, with irregular black patches encircled by white
irregular rings (PL. 14). The black patches are areas of peaty soil, 30 to 600 feet
in diameter, whereas the white rings are sandy loam rims 50 to 350 feet wide.
The rims merge with the larger and more pronounced rims of the “Maryland
basins.”

This type of soil is similar to soils described on the spotted tundra of Siberia
(Sochava, 1944). The particular large spotted pattern shown in Plate 14 may
have formed by the development of “pingos,” or hydrolaccoliths, interspersed
with “sand-medallions.”* *“‘Pingos’” are described by Poiré as large, swelling

* Official letter 1950 from I. V. Poiré to W. C. Rasmussen describing Russian tundra
forms.
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hummocks, often 250 feet or more in diameter and 26 to 130 feet high; the
slope of the sides is 40° or less. The cross section of a “pingo” is: peat, 1.5 to 3
feet thick, permanently frozen below 11 to 16 inches; underlain by clay or sand
3.1 to 4.6 feet thick; underlain by a huge, convex, lens-shaped mass of ground
ice. This ice cupola contained ground water, and the “pingo’ is stated to have
formed by the hydrostatic pressure of ground-water from below the permafrost
layer or from artesian water in general. The melling of the ice would leave the
black peaty depressions seen in the photograph.

The intervening loamy sand rims may have formed by fluvial deposition
between “pingos,” or, in the late phases of periglacial activity, after the general
decline or disappearance of swollen hummocks; or the rims may have been
groups of “sand medallions,” which are round spots of exposed ground in tundra
bogs. They may also be related to the earth mounds or “palsen” described for
arctic and alpine environments of Europe (Smith, 1949). Similar, though
smaller-scale, phenomena are described as tussock groups and peak rings on
the Seward Peninsula in Alaska (Hopkins and Sigafoos, 1930).

This area in the Pocomoke River drainage basin has remained boggy ground
to this day. Only recent drainage practices have opened the area to more ex-
tensive cultivation. During the most recent ice stage, when the huge continental
glacier lay only 150 miles north of here, this area may have experienced tundra

climate, with bogs and perenially frozen subsoil. Since this soil forms part of
the large “Maryland basins”, it must have formed subsequent to or during

basin development. If the basins do record stranded icebergs, the periglacial
soils must have formed as, or after, the icebergs melted away.

The consideration of this soil pattern as a relict of frozen ground is somewhat
speculative. However, other, more direct, evidence of frozen ground are the
involutions and filled wedges seen in shallow sandpits and roadcuts, similar to
those recognized by Wolfe on the coastal plain of New Jersey (1953, Pls. 2 and
3), and by Horberg (1951, p. 10) in the Lake Agassiz beach deposits of North
Dakota. A roadcut two miles west of Powellville, Wicomico County, shows
(PlL. 15, fig. 1) involutions of a silt-and-clay layer in sand buried under about
3 feet of undisturbed fine sand, which is apparently a postglacial dune cap.
Such involutions are accepted as definitive evidence of frozen ground.

The significance of periglacial soils in regard to ground-water infiltration is
similar on a smaller scale to that of the “Maryland basins.” The cup-shaped
hollows retain rainfall and retard runoff, affording opportunity for local infiltra-
tion. The silt-clay layers that have been contorted by frost wedges are pre-
sumably more premeable because of this disturbance. The opportunity for
perched watertable conditions above the silt layers is correspondingly dimin-
ished.
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PrINCIPLES OF GROUND-WATER OCCURRENCE
ORIGIN AND RECHARGE OF GROUND WATER

The major part of the ground water is derived from precipitation that filters
through the soil zone, or seeps in from the bottom of streams, lakes, or ponds,
providing recharge to the ground-water reservoirs. Part of the ground water
may be residual in the underground reservoirs, water left by the ancient seas,
lakes, or rivers in which the sediments accumulated. Such water is called
“connate” water. Ground water may come also from hot springs and mag-
matic liquids of the interior of the earth, but such water is negligible in the
Coastal Plain sedimentary deposits.

Along the coast, water may enter the ground-water reservoirs from the sea.
It can be detected because of its high salt content. In general, fresh water be-
neath the land holds back the salty water because the water level beneath the
land is above sea level. In areas of heavy pumping near the coast, or with the
dredging of sea-connected canals, sea water may encroach landward and en-
danger the fresh-water reservoirs.

Encroachment of salt water is a menace which should bear continued observa-
tion, in order that a basis will exist for remedial action when necessary.

The portion of ground water derived by replenishment from the atmosphere
is governed by the natural laws of the hydrologic cycle. These natural laws are
partly summarized in the equation of hydrologic balance

P=R4+ET+S

in which:

P is precipitation—rain, snow, hail, sleet, dew, or frost;

R is surface and ground-water runoff from the land;

T is evapotranspiration, combining evaporation of water and transpiration

by plants; and

S comprises the changes in storage (usually small increments of the equation)

of the surface reservoirs, the soil reservoirs, or the ground-water reservoirs.
These changes may be positive or negative at any particular time, but over
a long period under natural conditions they tend to cancel out.

In summary, then, ground water may De placed in storage at the time of
formation of the underground reservoirs, or it may come from the sky, the
sea, or the interior of the earth. The principal part used by man, however, is
derived from precipitation.

STORAGE OF GROUND WATER

After satisfying deficiencies of moisture in the soil zone, the portion of the
rainfall or snow melt that filters into the ground percolates by gravity through
the small opening between sediment grains, or through fissures in the rocks, to
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the water table, the top of the zone of saturation. The water table may be de-
fined as that surface in the ground helow which openings are saturated with
water that is free to move into wells. The water table thus is represented by the
walter level in free, open wells penetrating an unconfined body of ground water.

A fringe of moist sand or rock a few inches to a few feet above the water
table is often encountered in drill holes. This moist zone is called the capillary
fringe, since it is caused by the capillary attraction or capillary retention of
some water above the saturated zone. The capillary water does not flow into
wells.

"The water table rises fairly rapidly in response to infiltration, and falls gradu-
ally as the water seeps away to lower points (wells) or areas (valley bottoms or
channels) of discharge. The amount the water level will rise in response to infil-
tration depends upon the available pore space within the ground. If the pore
spaces are few or small, the water level will rise higher than if they are numerous
or large.

The ability of the ground to store water is approximately equal to the amount
it will yield. A measure of this storage is called the “specific yield.” It is the
ratio of the volume of water a saturated sample will yield by gravity to the
volume of the sample. For example, the statement that the specific yield of a
sample is 25 percent means that the saturated sample will yield a volume of
water equal to 25 percent of its total volume. One inch of water filtering into
such a material would cause a 4-inch rise in ground-water level.

Another measure of the storage of ground water is called the “coeflicient of
storage.” This coefficient may be defined as the volume of water, measured as a
fraction of a cubic foot, released from storage in each column of the water-
bearing bed having a base 1 foot square and a height equal to the thickness of
the water-bearing bed when the water level is lowered 1 foot.

The coeflicient of storage, usually determined by a controlled well-field test,
is approximately equal to the specific yield in unconfined ground-water reser-
voirs, in which the water surface is represented by the water table. In confined
or artesian water-bearing beds the coefficient of storage is usually a few hun-
dredths to a few thousandths of 1 percent, owing to the fact that the water is
derived not from emptying the crevices in the underground reservoir, but from
the shrinkage or contraction of the water-bearing bed and its confining layers,
and slight expansion of the water itself, under the decrease in pressure around
the well. The reason the coefficient of storage is not exactly equal to the specific
yield under water-table conditions is that, in the field, the specific yield would
apply only to the topmost foot below the water table, whereas the coefficient
of storage includes also the small (artesian) coefficient of storage for the rest of
the aquifer below the topmost foot.

Available ground water is stored in water-yielding bodies of rock called aqui-
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fers. In Somerset, Wicomico, and Worcester Counties the aquifers are usually of
fine to medium-grained sand, with occasional layers of gravelly sand, silty sand,
or shell beds. The aquifers are underlain or overlain by confining beds which
contain water but yield it slowly. Those beds are called aquicludes because
they include water, but retain it; they are usually composed of silt or clay.

Aquifers serve as ground-water reservoirs, retaining water in storage; as
conduits, acting as a multitude of pipes, many of filament size, for the slow
movement of ground water; and as filters, clarifying muddy waters from the
intake areas, and in the sand aquifers often purifying bacterially polluted waters
within a few tens of feet. In general, aquifers do not act as chemical filters and
are not capable of materially altering high acid, high alkaline, or saline waters,
although over great distances of ground-water percolation some chemical change
may take place. Such a change is seldom an improvement, although natural
softening (p. 157) is a decided exception.

Water-bearing beds are separated into two groups, the unconfined aquifers
and the confined aquifers. These groups are distinct in theory, but in fact they
grade into one another. Unconfined ground water occurs under water-table con-
ditions; confined ground water occurs under artesian conditions. The produc-
tion of water from wells, the quantity derived from storage, and the area of
influence of falling water levels is different for water-table conditions than for
artesian conditions.

Water-Table Aquifers

Unconfined aquifers are those in which infiltration water has free access to
the water surface below. The water surface is a water table, marking the zone of
saturation beneath a zone of aeration. Wells pumping from the zone of satura-
tion depress the water table toward them, as shown in figure 33, and derive
water directly from storage by dewatering part of the zone of saturation. The
sources of recharge are infiltering rainfall, or the influent seepage of a nearby
stream.

In this tri-county area the water table is usually 2 to 20 feet below the land
surface, with an average, areally and year around, of about 4 feet; and the bot-
tom of the unconfined reservoir is seldom more than 100 feet below land sur-
face. The saturated thickness for large producing wells is usually only 50 to 100
feet, so there is not a great deal of available “drawdown’ or available “reser-
voir” which can be dewatered. However, because the coefficient of storage for
water-table aquifers is usually large, in the range of 1 to 30 percent, water-table
wells are often capable of large yields, without great drawdown, or without
having a radius of influence greater than a few thousand feet. Wells close to
ponds or streams usually have the highest yield, deriving recharge from the
surface-water source, as do the wells of the city of Salisbury.
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Artesian Aquifers

Confined aquifers are those water-bearing beds enclosed above and below by
impermeable or semipermeable beds. Confined reservoirs are artesian in that
the water level in wells rises above the top of the producing sand. Often the
water overflows the surface in the early period of development of the aquifers,
particularly in wells drilled in valleys at the lower elevations. As the artesian
head falls, many such wells cease to flow. All wells penetrating confined aquifers
are artesian.

The height to which water rises in wells drilled to an artesian aquifer indicates
the pressure of the water in the confined water-bearing zone. The imaginary
surface to which the water would rise in wells drilled to the aquifer is called the
piezometric surface.

Artesian aquifers usually show low coefficients of storage, in the range from
0.001 to 0.00001. The area of influence of falling water levels in artesian aquifers
often is found to extend several miles from the producing well or well fields,
usually to much greater distances than from comparable water-table well fields
in aquifers of about the same productivity.

Most of the artesian aquifers in the tri-county area are sheet sands, over-
lain by sheet silts and clays. They underlie areas ranging from a few square
miles to several tens of square miles, and are usually 10 to 50 feet thick. They
have a regional dip to the southeast of 10 o 20 feet to the mile.

Since the artesian aquifers in the tri-county area lie deeper than the water-
table aquifers, and some have an initial piezometric surface as high as or higher
than the overlying water table, there is usually greater available drawdown. The
artesian aquifers receive recharge from the water-table aquifers in broad belts
where the sheet sands directly underlie the mantle of Pleistocene and Pliocene(?)
deposits. Tt is probable also that some recharge is received through the confining
beds, which may be leaky, permitting the passage of water at a slow rate, but
possibly contributing substantial quantities over a large area.

Aquicludes

The confining materials above and below the artesian aquifers in Somerset,
Wicomico, and Worcester Counties, are chiefly silt, with minor amounts of
clay and very fine sand. Although these materials are porous, the pores are so
small that the capillary forces hold the water to the grains, or allow it to move
only very slowly in response to high hydraulic gradients—that is, under great
differences of pressure. These porous malerials have a low permeability, but
where they are extensive they have an appreciable, though small, vertical trans-
missibility. Moreover, they contain a large quantity of water in storage.

A confining bed of low permeability can yield appreciable water to an aquifer
over a broad area when the hydraulic gradient into the aquifer is steepened by
the large drawdowns and extensive cone of depression resulting from high rates
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of pumping. It is likely that some of the water considered to be taken from
storage in the aquifer is actually coming from storage in the aquiclude.

MOVEMENT AND DISCHHARGE OF GROUND WATER

Most ground water moves by laminar flow. Exceptions are the flow of water
in some cavernous limestones, in some fissured volcanic rocks, or in the immedi-
ate vicinity of a high-capacity well. The natural rate of movement of ground
water is usually only a few feet a day, although in granular materials the rate
may vary from infinitesimal to several hundred feet a day (Meinzer and Wenzel,
1942, p. 4+49).

The rate of movement of ground water is governed by Darcy’s law, which
may be conveniently rewritten in the form (Wenzel, 1942, p. 3-11):

Q = PIdA

in which ¢ is the quantity of water discharged in a unit of time, 2 is the coeffi-
cient of permeability, which depends on the character of the material, I is the
hydraulic gradient, and A is the cross-sectional area through which the water
percolates.

Wenzel (1942, p. 4) states:

This formula serves as a basis for determining the quantities of ground water that per-
colate from areas of recharge to areas of discharge, and consequently it is used for deter-
mining the safe yield of underground reservoirs.

The coefficient of permeability has been expressed (Wenzel, 1942, p. 7) as:

... the number of gallons of water that would be conducted were the temperature of the
water 60° F., through each mile of water-hearing bed under investigation (measured at right
angles to the direction of the flow) for each foot of thickness of the bed and for each foot per
mile of hydraulic gradient.

The coefficient of permeability is supplemented by the coefhcient of trans-
missibility, 7, which is the product of the average field coeflicient of per-
meability and the saturated thickness, m (Theis, 1935, p. 520)

I = P/'Hl.

The coefficient of permeability denotes a characteristic of the material; the
coefficient of transmissibility represents the analogous characteristic of the
aquifer as a whole,

Ground water is transmitted through the earth from points of recharge to
points of discharge. Ground water is discharged from a given area or aquifer as
ground-water runoff into surface-water bodies, ground-water evapotranspira-
tion, subterranean leakage or underflow, and yield to wells.

Ground-water runoff is the lateral movement of ground water, flowing from
ground-water mounds to areas of surface seepage—that is, to springs, to chan-
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nels, or to open bodies of water. Much of it eventually flows down creeks and
rivers to the sea. Some of it eventually returns to the atmosphere through
evaporation, or through transpiration. Ground-water runoff is high in the tri-
county area.

Ground-water evapotranspiration is the discharge of ground water as water
vapor, either directly from the soil or indirectly via plant tissues. Where the
water table stands very close to the surface—that is, within 3 to 5 feet—the
capillary fringe may extend from the water table to the land surface. As rays
of the sun evaporate water from the soil, the water is replenished by capillary
movement of water from the water table to the soil zone. Also, plant roots
commonly extend to the water table or to the capillary fringe and take in water
through the rootlets to the stems which discharge it as water vapor from the
stomata of the leaves. This is transpiration. The discharge of ground-water by
evapotranspiration in the tri-county area is high.

The discharge of ground water to wells is an artificial discharge imposed upon
ground-water reservoirs. In the eastern shore of Maryland it is the principal
means by which ground water is withdrawn for human use.

HYDRAULICS OF WELLS AND CONCEPT OF ‘‘SAFE’ YIELD

Wells discharge water by artesian flow or by pumping, extracting water from
the saturated materials surrounding the well bore and causing water from dis-
tant areas to move toward the well. The water table or the pressure surface
surrounding the well is lowered, creating a cone of depression, so that there is
a hydraulic gradient from the limit of the area of influence to the mouth of the
well. This lowered water level is usually maintained as long as the well is
operating. When the well is shut down the water level rises, but it may not
return to its initial level for a considerable period of time.

A typical cross section of a cone of depression is shown in figure 33. This
figure also shows the Theis (1935) formula used to determine the rate of fall of
water levels in response to pumping, for given distances, and coefficients of
transmissibility and storage.

Pumping of water from wells decreases the ground-water runoff and, with a
near-surface water table, may decrease evapotranspiration. Insofar as this
runoff and evapotranspiration served no useful purpose, but was simply dis-
charged as wasted water to the sea or to the atmosphere, the pumpage repre-
sents excess water diverted to use. The amount of ground water discharged to
waste represents the maximum amount salvable for use without interference
with existing uses, and thus constitutes one of several values to which the
term ‘“perennial” or ‘“safe’” yield can be applied.

Wells developed and pumped in the same formation mutually affect water
levels in each other in amounts depending upon their rate and duration of
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pumping and distance apart. If the water levels in the formation become
stabilized, at practical depths, after the wells or well fields have been com-
pletely developed, the discharge is considered within the “safe” yield of the
formation. If, however, the water levels continue to decline persistently even
after the pumping rate has become stable, so that the limit of practical pumping
lift is approached, or if the pumping induces encroachment of inferior water,
the “safe” yield is considered to have been exceeded.

GEOLOGIC FORMATIONS AND THEIR WATER-BEARING PROPERTIES

The geologic formations of Somerset, Wicomico, and Worcester Counties,
their range in thickness and in depth, their character and water-hearing prop-
erties, are summarized in Table 9.

The contour map of the basement, figure 4, serves as an isopach, or thick-
ness, map of the Coastal Plain sediments.

TRIASSIC SYSTEM

The deepest and oldest sedimentary rocks known in the tri-county area are
indurated basal conglomerates, red-brown and bottle-green sandstones, and
chocolate-brown and apple-green shales, with intercalated gray sands and
shales. These rocks were found between 5,363 and 5,498 feet in the Salisbury
oil test (Wi-Cg 37) and between 6,566 and 7,251 feet in the Berlin oil test
(Wor-Ce 12).

The electrical logs (Pl. 4) of the Salisbury and Berlin tests show some thin
zones 10 to 20 feet thick of moderately high self potential and low third-curve
resistivity, indicating they contain highly mineralized water. It is not likely
that water produced from these zones would be usable, except for limited pur-
poses. Coming from such great depths the water would be hot, above 140°F.
(Collins, 1923).

CRETACEOUS SYSTEM

The top of the Cretaceous system ranges in depth from 740 feet at Smith
Island on the west to 2,100 feet at Fenwick Island on the east (fig. 5). The
thickness ranges from about 3,000 feet on the west to 3,700 feet on the east
(fig. 6). The lowest strata of the Cretaceous rocks lie about 7,800 feet below sea
level beneath Ienwick Island.

The sediments are chiefly sands and tough clays, shales, and shell marls con-
taining glauconite, lignite, feldspar and heavy minerals in recognizable zones.
The water-bearing capacity of the Cretaceous sediments is large, since sands
predominate. According to the electric logs, however, many of the sands con-
tain water high in dissolved solids. '
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Lower Cretaceous Series

Patuxent formation. The Patuxent formation occurs so deep that it has been
penetrated only in the three deep oil tests in Wicomico and Worcester Counties.
It contains much highly mineralized water.

In the oil test east of Salisbury (Wi-Cg 37), Anderson (Bull. 2, p. 14) de-
scribes the formation as “fine to very coarse and at times gravelly, soft, white,
occasionally limy, arkosic sands,” he adds, “poorly sorted,” with “shales and
sandy shales. . .usually lead-gray in color, hard, compact and frequently
mottled red, brown, yellow, purple and green.” The mottled coloring of the
shales is a common feature of the Patuxent, Patapsco, and Raritan formations,
and serves to distinguish them from other formations. Lignite and carbonaceous

matter were also reported but fossils were not. In this well the Patuxent forma-
tion is believed to extend from 4,424 to 5,363 feet below land surface, a thick-
ness of 939 feet.

In the oil test southwest of Berlin (Wor-Ce 12), the lithologic description is
the same, but shales are subordinate to the sands. The formation was logged
from 4,876 feet to 6,566 feet, a thickness of 1,690 feet.

In the oil test north of Ocean City (Wor-Bh 11), the “section revealed by the
electric log is composed of thick bodies of sand with subordinate intercalated
shales...."” (Bull. 2, p. 93). Kaolinized feldspars are reported from the side-
wall cores. The formation extends from 3,400 feet to the bottom of the hole at
7,710 feet, therefore it is at least 2,310 feet thick at this site.

The top of the Patuxent formation slopes from 3,400 feet below sea level
along the western boundary of Somerset and Wicomico Counties to 5,400 feet
below sea level along the barrier islands which separate Worcester County from
the Atlantic Ocean, a dip of about 95 feet per mile southeast. The sheaf of thick
sands and thin shales thickens from about 600 feet on the west to about 2,300
feet on the east.

The character of the sediments, both in the outcrop area (Bennett and
Meyer, 1952, p. 41), and in the Salisbury and Berlin oil tests on the Eastern
Shore, indicates a continental origin. Anderson (Bull. 2, p. 101) suggests that a
progressive overlapping of Patuxent sediments in the Ocean City oil test may
indicate “marine or near marine shore conditions” in that vicinity.

Upper Creluceons Series

Patapsco and Arundel formations. The Patapsco and Arundel formations in
Somerset, Wicomico, and Worcester Counties are known only in the three deep
oil tests near Salisbury, Berlin, and Ocean City.

In the Salisbury oil test (Wi-Cg 37) the Patapsco and Arundel section is
considered 2,111 feet thick, extending from 2,313 to 4,424 fect. It comprises
thick sands containing thin shales alternating with thick shales containing thin
sands. The sands are white, predominantly quartz, and contain few kaolinized
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feldspars. The shales are brown, gray, black, and highly variegated. Sporadic
carbonaceous matter and one 5-foot bed of glauconite complete the description.

In the Berlin oil test (Wor-Ce 12) the top of the Patapsco and Arundel sec-
tion is difficult to place, but Anderson (Bull. 2, p. 84) has picked it at 2,770 feet
on lithologic grounds. The section is thus 2,105 feet thick, extending to 4,875,
the top of the Patuxent formation. The lithology is similar to that in the
Salisbury test, but individual sands or shales cannot be traced from one well
to the other, a distance of only 12 miles.

In the Ocean City oil test (Wor-Bh 11) the top of the Patapsco and Arundel
section is placed at 3,330 feet, and the base at 5,400, a thickness of 2,070 feet.
The lithology is similar to that of the other two oil tests; zones can be traced
but individual beds cannot.

One hundred miles west, the thickness along the outcrop is about 300 feet,
over an intake belt about 6 miles wide. Although opportunities for fresh-water
recharge are good along most of the intake belt in the Baltimore area, a large
part of the recharge is undesirable because of brackish water contamination
caused by heavy pumping (Bennett and Meyer, 1952, p. 124-173).

The quality of ground water in the Patapsco and Arundel formations in
Somerset, Wicomico, and Worcester Counties is not known, but the electrical
logs (PL. 4) of the three oil tests indicate the sands have low resistivities (high
conductivities), indicating brackish or salty water.

Rarilan formation. In the three deep oil tests of Somerset, Wicomico, and
Worcester Counties, the Raritan formation consists of alternating thin sands
and shales, which range in thickness from an estimated 600 feet on the west to
about 900 feet on the east. The top of the formation slopes from about 800 feet
below land surface at Smith Island to 2,800 feet below land surface on Fenwick

and Assateague Islands. An upper sand in the formation yields a large flow of
water to one well (Som-Ea 9) at Tylerton, Smith Island, from a total depth of
915 feet. The formation has been penetrated also, but not developed for water,
at Crisfield (Som-Ec 4).

At Smith Island most of the wells produce from the overlying Magothy for-
mation, but in Som-Ea 9 the Magothy interval is logged as a clay, and produc-
tion is about 100 feet deeper from a sand probably in the Raritan formation.
The lithologic log shows production from 45 feet of white sand beneath pink and
blue clays. The water flows with a head 20 feet above land surface (altitude 2
feet), which is somewhat higher than the flowing heads in the other wells on
Smith Island, which are drilled to the Magothy; since these are flowing heads,
not static, they cannot be directly compared. The overflow pipe was discharging
about 2.5 gallons a minute. The chemical analysis of the water is similar to the
analyses of the other wells at Smith Island, showing soft non-saline, slightly
alkaline bicarbonate water with about 300 ppm of dissolved solids.

About 124 feet of variegated clay and brown sand was logged in the lowest
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part of the Crisfield city well, Som-Ec 4, which was assigned to the Raritan on
the basis of the mottled colors and the red coloration. This section did not yield
sufficient water to warrant development, and the well was developed in three
sands in younger formations.

The potentialities of the Raritan formation for producing ground water are
only sketchily outlined by the five wells penetrating into the formation. A pro-
ducing horizon in the upper part of the Raritan is in use at Smith Island, be-
neath mottled red and blue clays (Som-Ea 9). Tt is thus probable that the Rari-
tan formation in western Wicomico and the western edge of Somerset Counties
contains productive sands with the water not too highly mineralized, particu-
larly in the upper part of the formation. Farther east is a belt of the Raritan
formation represented by the Salisbury and Berlin oil tests, in which the sands
are poor and thin, shales are prominent, and the formation probably contains
predominantly brackish and salty water as shown by low resistivity on the
electric logs (PL. 4). Along the eastern margin of Worcester County, the electric
log of the Ocean City well indicates there are probably thick sands in the basal
Raritan section but they also contain water that is probably highly mineral-
ized.

Field coefficients of permeability in the Raritan formation are little known.
On the basis of gross similarity to the sands of the Potomac group (Bennett
and Meyer, 1952, p. 51, 52, and 67) a range from 140 to 1,400 gpd/ft is prob-
able. The coefficient of storage might likewise be approximated to range from
10~ to 103

The outcrop belt may be interpreted as a zone of intake. Not all this intake
may be desirable, since the belt crosses the Delaware River estuary, the tidal
C. & D. Canal, and over 33 miles of the Chesapeake Bay estuary.

Magothy formation. The Magothy formation is the most persistent water-
bearing bed of the Cretaceous system in Maryland. It consists of white, yellow,
and gray, “sugary” sands with irregular lenses of dark clay containing lignite.

The Magothy formation yields large quantities of water to 11 wells in south-
western Somerset County, and has been penetrated but found nonproductive
in one well, Som-Ea 9. Tt has been penetrated also in the three deep oil tests in
Wicomico and Worcester Counties. On the basis of these 15 wells, it is believed
to underlie all three counties.

Tt has been encountered about 760 feet below land surface at Rhodes Point,
Smith Island, on the west, and apparently slopes progressively downward to
about 2,400 feet below land surface beneath the Atlantic shore on the east. The
average thickness of the formation recorded in the wells is 92 feet.

One of the producing wells is on South Marsh Tsland (Som-Ca 1). The forma-
tion is described as a soft gray sand, 41 feet thick, from 830 to 871 feet below
land surface (altitude of well, 3 feet above sea level). The sand is assumed to be
Magothy chiefly on the basis of lithology and structural relation to the nearby
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wells on Smith Island. The well was reported by the driller as flowing about
10 gpm when completed in October 1931.

Eight of the producing wells are on Smith Island: Som-Fa 1 to -Ea 6 at
Ewell; Som-Ea 7 and 8 at Rhodes Point. These wells are flowing, with heads
observed 1 to 15 feet above land surface in November 1953; flow rates were
several gallons a minute, with the wells supplying groups of houses. The forma-
tion is probably not completely penetrated in these wells. The description of
the section in the logs of wells Som-Ea 1, -Ea 2, and -Ea 7 is a light-yellow
medium- to fine-grained micaceous sand, and a white sand and clay.

The other two producing wells are those of the city of Crisfield, Som-Ec 3
and -Ec 4. Som-Ec 4 has multiple screens, producing also from the Piney Point
and the Calvert formations. The initial head on this well was reported at 4 feet
above land surface in 1948, and the reported production rate when the well was
pumped was about 300 gpm. The description of the formation is:

Thickness Bottom
(feet) Depth

(feet)
Clay aggregates, coarse rounded granular. .. ................ . ... . .. 58 1,125
Sand, fine to medium, 10 percent glauconite. .. .... . ... .. ... ... 17 1,142
Clay aggregates, coarse, rounded, granular, gray. ... . ... ... ... .... 37 1,179

McLean (1950, p. 136) assigned this interval, and the underlying 124 feet (down
to the bottom of the hole) to the Monmouth formation. Since no fossils were
recognized, the correlation was based on lithology, and was probably influenced
by the 10 percent of glauconite present in the sand. Although this correlation
may be correct, the underlying clays, described by Mcl.ean as “vari-colored
sandy clay with pink and red shades in the lower part”, are typical of the
Raritan formation. The small percentage of glauconite in the sand could be a
drill-cutting contaminant from the overlying greensand-rich basal sand of the
Paleocene series.

In the oil test near Salisbury (Wi-Cg 37) the Magothy formation is described
as 90 feet of “‘lead-gray, brownish black, and dark cinnamon-brown clay shales
with interlaminated very fine-grained sands” (Anderson, Bull. 2, p. 16). Lig-
nitized vegetable fragments, including wood, were identified. The formation
was topped at 1,498 feet (or 1,428 feet, sea level datum).

In the Berlin (Wor-Ce 12) and Ocean City (Wor-Bh 11) oil tests the Magothy
formation is difficult to identify because the well samples are not good. How-
ever, the top is placed at 1,800 feet below land surface (1,770 feet sea level
datum) and 2,360 feet below land surface (2,352 feet sea level datum), with
thicknesses 94 and 120 feet, respectively.

The Magothy formation appears extensive, and has an intake belt 1 to 4
miles wide extending from Raritan Bay, New Jersey, to the Potomac River.

The transmissibility and storage coefficients of the aquifer are unknown
The coefhcients within the range obtained from other Cretaceous units in Mary._




GROUND-WATER RESOURCES S5

land may be used for a first approximation (see the range suggested for the
Raritan formation, p. 53). The quality of the water is questionable.

Matawan formation. The Matawan formation is an aquiclude in Maryland,
being predominantly a clay with sandy-clay facies.

In Somerset, Wicomico, and Worcester Counties the formation was pene-
trated in only 4 wells, and was missing in 12 wells drilled to the Magothy for-
mation in southwestern Somerset County, on Smith Island, South Marsh
Island, and at Crisfield. The old deep water test at Pocomoke City (Wor-Fb 19)
is believed to penetrate 26 feet of the Matawan identified on the basis of lith-
ology. The three deep oil tests pass through the Matawan section.

In the oil test near Salisbury (Wi-Cg 37), the Matawan section was cored
and is divided by Anderson (Bull. 2, p. 17) into two units:

The upper unit is 30 feet thick and is composed of hard, white, silty chalk containing a
small amount of glauconite and fish remains. The lower unit is a lead-gray glauconitic clay
shale containing badly mashed sporadic fossils. In the lowermost 20 fect fine sand appears
and becomes conglomeratic as the basal part of the unit is reached. The top of the formation
is placed at 1,393 fect (1,323 feet sea level datum), and the thickness is 105 fect.

In the oil tests near Berlin (Wor-Ce 12) and Ocean City (Wor-Bh 11), the
Matawan formation was not readily separated from the rest of the Upper
Cretaceous. The tops are placed respectively at 1,710 feet and 2,122 feet below
sea level (Pl. 4). The thickness of the Matawan formation in the test near
Berlin is only 60 feet, but the thickness increases to 230 feet in the test near
Ocean City.

In the outcrop belt the Matawan formation thins from a broad and thick
unit, almost 8 miles wide and over 300 feet thick in New Jersey and Delaware,
to a featheredge in Prince Georges County, Maryland.

The Matawan formation, together with the Monmouth, provides a protective
aquiclude for the Magothy and Raritan aquifers, at least over the eastern half
of the area, and possibly over all of the area except the southwestern corner of
Somerset County. Structurally it appears to dip easterly from about 750 feet
below sea level beneath the Nanticoke River estuary, on the west, to about
2,200 feet below sea level along the Atlantic shore on the east.

Monmouth formation. The Monmouth formation is not known to yield pota-
ble water in Somerset, Wicomico, and Worcester Counties. It has been logged
with certainty only in the three deep oil tests, and on simple lithology in the
old water test at Pocomoke City (Wor-Fb 19). It is composed of dark-green to
gray glauconitic sand, lead-gray clay, and shell marl.

The section ascribed to the Monmouth formation in the Pocomoke City well
is 94 feet thick, from 1,420 to 1,514 feet below land surface. It has four beds of
clay, two beds of sand, and one ledge of rock. The driller reports flowing salty
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water from the upper bed of gray sand, 15 feet thick. The lower bed of sand,
13 feet thick, is not described.

Only 33 feet, from 1,360 to 1,393 feet below land surface (altitude 70 feet), has
been correlated with the Monmouth formation in the oil test near Salisbury
(Wi-Cg 37), where it is described as a dark-green clayey, glauconitic sand
(P 4).

In the oil test near Berlin (Wor-Ce 12), the Monmouth is logged as 70 feet
thick, from 1,640 to 1,710 feet below sea level. The core contained a lead-gray
shale with abundant dark-green rounded glauconite grains and ditch samples
are described as dark earthy-gray clay with Foraminifera, shell fragments and
glauconite (Bull. 2, p. 413, 418).

In theoil test near Ocean City (Wor-Bh 11),; the Monmouth is not distinctly
separated from the Matawan formation, but is restricted to a thickness of 30
feet, from the depths of 2,072 to 2,122 below sca level. Overbeck (Bull. 2, p.
432) described the ditch samples as composed of weak-brown clay, yellowish-
gray calcite, glauconite, and abundant Foraminifera.

The Monmouth formation is considered to function in this area chiefly as an
aquiclude, in conjunction with the Matawan formation. Although structural
control is poor, with only four wells in the three counties, the structure map on
top of the Cretacecous system (fig. 3) illustrates the top of the Monmouth over
most of the area, with the exception of the southwestern corner, where neither
it nor the Matawan is present, and where the Magothy formation represents
the top of the Cretaceous system. The average thickness of the Monmouth
formation in the four wells is 62 feet.

TERTIARY SYSTEM

The most important group of aquifers, and the thickest aquicludes, of
Somerset, Wicomico, and Worcester Counties are embraced in the sequence of
unconsolidated, stratified sediments of the Tertiary system. The Tertiary sys-
tem in these three counties consists of glauconitic green sands and clays, buff
and tan sandstones, gray diatomaceous silts, yellow shell marls, gray sands,
and red gravelly sands.

The largest yields of ground water are obtained from the red gravelly sands
(Pliocene ?) under water-table conditions. Moderate to large yields of ground
water are obtlained from two near-surface artesian gray sands, the Manokin
aquifer and the Pocomoke aquifer in the Yorktown and Cohansey formations
(?). Small tolarge yields are also obtainable from the Choptank formation and
the Nanticoke aquifer in the Calvert formation, the Piney Point formation
(Eocene), and the Brightseat formation (Paleocene). Almost every locality in
the three counties has from 4 to 7 water-bearing beds of Tertiary age, with
the probability that one or more of them will yield substantial quantities of
ground water.
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The quality of water in many of these aquifers is not entirely satisfactory at
some localities. The presence of brackish water in outcrops beneath Chesapeake
Bay has affected them in southwestern Somerset County, rendering some of
unusable for any purpose except cooling and restricting the use of all of them
for some purposes. Although little is known about the quality of water in the
deeper Tertiary aquifers in Wicomico and Worcester Counties, it is probable
that they contain waters which are highly mineralized.

The deeper Tertiary aquifers are largely untested. The Tertiary formations
form a wedge which ranges from 9C0 feet in thickness on the west, beneath
the bay islands (Smith TIsland and South Marsh Tsland), to 2,000 feet in thick-
ness beneath the ocean barrier islands (Fenwick Island and Assateague Island).
Few wells drilled to the Tertiary aquifers are more than 300 {eet deep.

The aquicludes of the Tertiary system are thick and jprotect the aquifers
from further contamination. There are at least two aquicludes in the Yorktown
and Cohansey formations(?), one between the Manokin and Pocomoke aquifers,
and one above the Pocomoke aquifer. Locally these aquicludes enclose stringer
sands which yield small to moderate quantities of water to wells. The St.
Marys formation (Miocene) appears to function entirely as an aquiclude. The
Calvert formation (Miocene) is in general a thick aquiclude (average thickness
500 feet), although it does contain the Nanticoke aquifer, used in the northwest
corner of the area, and a deep sand used by Crisfield. The lower part of the Piney
Point formation and the Nanjemoy formation, both of Eocene age, probably
serve together as an aquiclude. Much of the Brightseat formation (Paleocene)
is a glauconitic silt or clay, and probably functions as an aquiclude. The Paleo-
cene and Eocene series lie so deep that they have not been tested in most of the
area.

The aquicludes are not entirely impermeable. They are predominantly of
sandy silt with only small quantities of clay. Over broad areas they will trans-
mit large quantities of ground water to the sands if an appreciable difference
in head is established between the aquifers and the aquicludes. The leakage
would come initially from storage in the aquiclude. The quality of this storage
water may not be entirely desirable, since these formations are regarded as
lagoonal, estuarine, and marine in origin, and much of the contained water
may still be connate.

Tables 10, 11, 12, 13 summarize the systematic paleontology. Tables 10, 11,
and 12 are summaries by counties, and Table 13 gives the distribution of Foram-
inifera in four wells in the southern half of the area.

Paleocene Series

Six wells in Crisficld, Somerset County, produce or have produced water
from sand of Paleocene age. Seventeen other wells and test holes have pene-
trated the formation in the three counties. In no wells deep enough to en-
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i Depth
(feet)

Well Som-Bb 1 0-40

TABLE 10

Series or System

Recent and Pleistocene

SoMERSET, Wicomico, AND WORCESTER COUNTIES

Remarks

No Foraminifera.

Forams

cookci

series
Location—Deal | 40-330 | Miocenc series Pyrite. Miocene formations diffi-
Island Undifferentiated cult to identify because of
mixing of fauna.
Paleontologist— weathered and ironstained.
Collins 330-540 Calvert formation Foraminifera scarce to common.
540-580 | Eocene (?) series Between 560-580 feet Foramin-
[ iferaidentified:
Bolivinopsis curta (Cushman)
[ Plecto  frondicularia
Cushman
580-690 Piney Point formation Foraminifera common, typical
Jackson age.
690-814 | Paleocene series Foraminifera common.
Well Som-Ca 1 0-40 | Recent and Pleistocene No foraminifera.

Location—South | 40-270
Marsh Island
270-540
Paleontologist— |540-620
Collins

620-830
830-870

Well Som-Cf 6

0-120
Location—West-
over 120-240
I’alcontologist—
Collins
Well Som-Ea 8 0-60
Location— 60-530

Rhodes Point,
Smith Island

Paleontologist— 530-630
Collins

‘()30-- 800

series
Miocene series
Undifferentiated
Calvert formation
Eocene series
Piney Point formation

Palecocene series

(Upper) Cretaceous series

Pyrite. Foraminifera common.

Foraminifera abundant.
Foraminifera abundant, typical
Jackson age. Identified:
Cibicides cocoaensis (Cushman)
Angulogerina cooperensis Cush-

man

Foraminifera abundant to very
abundant.

Unfossiliferous but may be ma-
rine.

Recent and Pleistocene
series

Miocene series
Undifferentiated

No foraminifera. (On basis of
lithology, Miocene contact
placed at 30 feet.)

Pyrite. Foraminifera scarce to
common, iron-stained and
weathered.

Recent and Pleistocene
series:
Miocene series
Undifferentiated

Focenc series
Piney Point formation

Paleocenc series

I800A870 | (Upper) Cretaceous serics

Few shell fragments.

Foraminifera scarce to abundant.

Foraminifera identified:
Marginulina cocoaensis Cush-
man
Gyroidina soldanii d’Orbigny,
var. oclocameraia Cushman
and G. D. Hanna
Cibicides cf. C. ouachitacnsis
Howe and Wallace
Foraminifera abundant.
Unfossiliferous.

P
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TABLIE 10—Continued

l()figt})] | Series or System Remarks
Well Som-Ea 2 0-840 | Miocene to Cretaceous See Shifflett, 1948, p. 26-28.
series.
Location—
Ewell, Smith

Island |

Well Som-Lc 4 0-1303| Pleistocene series to Creta- | See McLean, 1950.
ceous system:
Location—Cris-
field

counter it has it been absent. The unit is encountered at depths close to 600
feet below sea level on the west (Smith Island) and more than 1,800 feet helow
sca level on the east (Fenwick Island) (fig. 7). The formation is a green or
black glauconitic, quartz sand and a gray or green glauconitic foraminiferal
clay.

In these wells the Paleocene series ranges from 40 to 260 feet in thickness.
In 10 scattered wells it has an average thickness of 175 feet. However, the
isopach map, figure 8, derived by point difference between the structure on the
top of the Paleocene (fig. 7) and the structure on the top of the Cretaceous
(fig. 5), indicates a trough filled with more than 500 feet of Paleocene sedi-
ments beneath Assateague Island, Worcester County, and a basin filled with
more than 300 feet of Paleocene sediments beneath Fairmount and Mongrel
Necks, Somerset County. Also, the Paleocene series seems to wedge out in the
vicinity of Delmar. The trough, basin, and wedge-out are interpretive and may
not actually exist because of the scanty control on the two structure maps.

At Crisfield four wells (Som-Ec 1, 2, 5, and 7) are yielding water from a sand
of Paleocene age at a depth of about 1,000 feet. The aquifer is a gray quartz
sand and glauconitic greensand. The wells are pumped at moderate to large
rates, and have rated capacities between 100 and 300 gpm. The static head of
water in the formation was still above land surface (altitude 2 to 5 feet) in 1950,
although operating heads were reported as low as 150 feet below land surface
after a 24-hour pumping test at 300 gpm in 1938 (Som-Ec 2). T'wo of the wells
are standby wells for the city of Crisfield. The regular city wells (Som-Lc 3
and 4) were drilled through the Paleocene and derive water from the Cretaceous
rocks below (Som-Ec 4 has multiple screens and derives water also from the
Piney Point formation of Eocene age and the Calvert formation of Miocene
age). An oyster-packing house and the local ice company are the other users.
The ice company also has two abandoned wells (Som-Ec 8 and 9) in this forma-
tion. The water level was 10.37 feet below land surface in January 1954 in
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TABLE 11

Paleontology of Samples from Wells in Wicomico County

Depth (feet)

Series or System

Remarks

and Fo-
by

Well Wi-Bd 11 | 180-190 | The samples in the upper | Medium gray clay. No Foraminif-
section of this well era.
Location— 190-250 arescrambled and do | Very light gray silty clay. No Fo-
Mardela not agree with the raminifera.
High School | 250-260 driller’s log nor with | Light-gray sand with sponge spic-
samples from test ules and shell fragments.
Paleontologist hole  Wi-Bd 45, Textularia gramen d’Orbigny
—Collins drilled as a check T. candeiana d’Orbigny
about 100 feet away. Cibicides lobatulus (Walker and
The section below Jacob)
250 feet is consid- Discorbis sp.

260-270 cred Calvert. Light-gray sand with hardshell and
shell fragments. Sponge spic-
ules continue to 300 feet.
Forams similar to sample 250-
260.

270-300 Lithology and fossils similar to
sample 250-260.

Test hole Miocene series Mollusca, Arthropoda,
Wi-Bg 12 315-455 St. Marys formation raminifera are described
455-618 Choptank formation Clark, W. B., Mathews, E.
Location— 618-1130|  Calvert formation B. and Berry, E. W, 1918,
north of Par- |1130-1186| Missing, but possibly | p 316-318.
sonsburg Eocene  series  on-
basis of structure
Paleontologist and Wi-Cg 37
— Cushman
Test hole 185-190 | Miocene series Mollusca identified:
Wi-Cd 33 St. Marys formation Indeterminate bivalves, possibly
Crassinella
Location— Parvilucina crenulala (Conrad)
Hebron Parvilucina sp.
Montacuta mariana Dall
Paleontologist Chione sp. ind.
—Gardner Donax sp. possibly Donax n. sp.

Ensis ensiformis Conrad?
Mactra clathrodon Isaac Lea
Mactroids mostly juveniles
Dentalium caduloide Dall?
Teinostoma nanum (Isaac Lea)
“Circulus” : sp.

Crepidula sp. juv.

Calyptraea cenlralis (Conrad)
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TABLE 11—Continued

|Depth (feet)l Series or System Remarks
Test hole 185-190 | Miocene series Mollusca identified: (Cont’d)
Wi-Cd 33 St. Marys formation Naticoids juvenile
(Cont’d) (Cont’d) Uzita peralia (Conrad)

“AMangelia” parva (Conrad)
Acteon sp. cf. A. shilhensis (Whit-

Yoldia laevis (Say)
Andara sp. juv.
Parvilucina crenulala (Conrad)
Chione sp. juv.
Tellina producia Conrad?
Ensis ensiformis Conrad?
| Macira clathrodon Isaac Lea
Maudinia sp.?
Dentalium caduloide Dall?
Epitonium sayanum Dall?
Chrysallida? sp.
Turbonilla (Pyrgiscus) sp.
Crepidula sp. juv.
Calyptraea centralis (Conrad)
Naticoids
Uzita peralta (Conrad)
Busycon  (Sycotypus) rugosum
(Conrad)
| “Mangelia” parva (Conrad)

field)
205-210 Nucula simaria Dall

Test hole 0-60 = Recent and Pleistocene | No fossils.

Wi-Cf 61 series
60-102 | Pliocene(?) series No fossils.
Location—3 Miocene series I
miles east of = 102-307 Yorktown and Cohan- | Foraminifera scarce to none.
Salisbury sey formations (?)
307-409 St. Marys formation Foraminifera scarce to common.
Paleontologist Identified:
—~Collins Pyrgo subsphaerica (d’Orbigny)
409-512 Choptank formation Foraminifera rare to common.
Identified:

| Usvigerina carmeloensis Cushman
and Kleinpell

Some Choptank forms were found

between 368-379 feet, however

the position of the sample is

} questionable.
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TABLE 11—Continued

Depth (feet) Series or System Remarks
Test hole 409-512 | Miocene series: Identified:
Wi-Cf 61 Choptank formation Cancris sagra (d’Orbigny) var.
(Cont’d) (Cont’d) communis Cushman and Todd
Casstdulina crassa d’Orbigny
Uvigerina carmeloensis Cushman
‘ and Kleinpell
512-1025|  Calvert formation Foraminifera and diatoms scarce to
abundant. Identified Foraminif-
era:
Bolivina calvertensis Dorsey
Robulus americanus (Cushman)
var. spinosus (Cushman)
Test hole 0-82 | Recent and Pleistocene | No fossils.
Wi-Cf 63 series |
82-113 | Pliocene(?) series | No fossils.
Location—2 Miocene series '
miles south- | 113-297 Yorktown and Cohan- -
east of Salis- | sey formations(?}
bury 297-389 St. Marys formation Upper Foraminifera weathered,
lower ones fresh.
Paleontologist ! 389-503 Choptank formation Foraminifera common. Identified:
—Collins Uvigerina carmeloensis Cushman
’ and Kleinpell
l Interval between 410-462 feet
| lithologically similar to deeper
| Calvert formation carrying
diatoms and Calvert fauna,
\ —position of samples ques-
tionable.
503-626 Foraminifera scarce, contact ten-
‘ tative.
626-1024 Calvert formation Foraminifera common. Diatoms,

| echinoid fragments and Mollusca
[ fragments present. Foraminif-
era identified:
Robulus americanus {Cushman)
var. spinosus (Cushman)
Bolivina calvertensis Dorsey
Textularia cf. T'. foliacea Heron-
Allen and Earland
Cassidulina crassa d’Orbigny
Uvigerina auberiana d’Orbigny
’ Marginulina sp.
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TABLE 11-—Continued

Depth (feet) Series or System Remarks
Test hole 181-187 | Miocene series: Mollusca identified:
Wi-Cg 34 Choptank formation Turbonille  (Chemnilzia) nivea
(In the well log table, Stimpson var.
Location— this interval is as- Teinosioma greensboroénse Martin
Waste Gate signed to the York- Teinostoma calvertense Martin
town and Cohansey Seila adamsii (H. C. Lea)
Paleontologist formations(?):  If Spisula (Hemimacira) subparilis
—Collins this is truly Chop- (Conrad)
tank, it would re- Astarte obruta Conrad

quire a structure,
either a dome or a
fault of about 350
feet arch or throw,
to account for it.
These are probably
reworked fossils, re-
deposited in the
Yorktown formation.
Another possibility
is that these forms
persisted into York-
town time.)

Test hole 0-5568 DPleistocene series to Pre- | See Bull. 2, for the following:

Wi-Cg 37 | Cambrian(?) system Tertiary Mollusca by Gardner.
Tertiary and Cretaceous Mol-
Location—6 lusca by Stephenson.
miles south- Middle Miocene diatoms by
east of Salis- Lohman.
bury Ostracoda by Swain.

Foraminifera by Cushman.

Som-Ec 8. The nearby well, Som-Ec 7, may have been pumping while this
measurement was being made.

The water is mineralized. It is soft, but high in sodium bicarbonate and
dissolved solids (see analysis of Som-Ec 1). The iron is 1.8 ppm.

On Smith Island (wells Som-Ea 1 to 9) and South Marsh Island (Som-Ca 1),
the Paleocene series was drilled but the wells were continued into the Cretaceous
sands. The Paleocene sands were quite glauconitic. Glauconite is a soft micace-
ous mineral which crushes easily and has a greasy feel, suggesting a fat clay,
so that the Paleocene may have been considered too clayey for successful
development of wells.
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Well Wor-Dd 26

Location—Snow
Hill

Paleontologist—
Collins

Test hole
Wor-Dg 1

Location—
Ocean Beach,
Assateague Is-
land

Paleontologist—
Collins

Depth
(feet)

0-70

70-140

140-338

0-4

4-9

9-14

14-19
19-24

SOMERSET, WicoMico, AND WORCESTER COUNTIES
) ?

TABLE 12
Paleontology of Samples from Wells in Worcester County

Series or System

| Recent and
Pleistocene
series

Miocene series

Remarks

No Foraminifera.

No Foraminifera.

Pleistocene-Miocene contact is placed at 70
feet on the basis of sample lithology
(driller’s log indicates contact at 67
feet).

Miocene micro- and megafossils begin at 140
feet.

Recent and
Pleistocene
series

Pleistocene and
Miocene

| series

| (Choptank or
Calvert

forms may be
reworked)

| No Foraminifera.

Foraminifera identified:
Elphidium  incertum
clavatum Cushman
Rotalia beccarii (Linnaeus), var. parkin-
soniana (d’Orbigny)
Elphidium incertum (Williamson)
Nonion pompilioides (Fichtel and Moll)
Pleistocene fauna:
Elphidium  incertum
clavatum Cushman
Elphidium incertum (Williamson)
Rotalia beccarii (Linnaeus), var. parkin-
soniana (d’Orbigny)
Elphidium discoidate (d’Orbigny)
Eponides frigida (Cushman), var. calida
Cushman and Cole
Miocene fauna:
Robulus americanus (Cushman)
Bolivina obliqua Barbat and Johnson
Nonion grateloupi (d’Orbigny)
Uvigerina  subperigrina Cushman
Kleinpell
Fauna and lithology similar to 9-14 feet.
Pleistocene fauna noted and additional
Miocene fauna identified:
Bolivinia calvertensis Dorsey
Robudus branneri Cushman and Kleinpell
Globigerina sp.
Globigerina altispira Cushman and Jarvis
Textularia sp.
Uvigerina kernensis Barbat and von Estorff

(Williamson), var.

(Williamson), var.

and




Test hole
Wor-Dg 1
(Cont’d)

Test hole
Wor-Bh 11

Location—
Ocean City,
Fenwick
Island

Depth

(feet)
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TABLE 12-~Continued

Series or System

19-24 | Pleistocene and

24-29

29-34

34-39

39-44

44-48

48-59

59-79

Miocene
series (Cont’d)

Remarks

Pleistocene fauna noted and additional
Miocene fauna identified: (Cont’d)
Valvulineria floridana Cushman
Nonion medio-costatus (Cushman)

Lagena sp.
Globorotalia menardii (d’Orbigny)
Bolivina paula Cushman and Cahill
Plant debris and Pleistocene Foraminifera
common. Miocene fauna addition:
Bulimina inflata Seguenza
Plant debris and Pleistocene Foraminifcra
common. Miocene fauna additions:
Siphogenerina lamellata Cushman
Cibicides concentricus (Cushman)
Uvigerina auberiana d’Orbigny
Siphogenerina spinosa (Bagg)
Planularia vaughani (Cushman)
Nonion pizarrense W. Berry
Plant debris and Pleistocene Foraminifera
common. Miocene fauna additions:
Nodogenerina advena Cushman and Laim-
ing
Textularia cf. T. agglutinans d’Orbigny
Plant debris less common. Pleistocene For-
aminifera common. Miocene fauna ad-
ditions:
Textularia gramen d’Orbigny
Bolivina floridana Cushman
Cassidulina crassa d’Orbigny
Buliminella elegantissima (d’Orbigny)
Sigmomor phina marylandica Cushman
Pleistocene and plant debris common.
Miocene fauna addition:
Buliminella curta Cushman
Pleistocene and Miocene fauna.
Elphidium sp. very abundant

Pleistocene and Miocene fauna. Plant debris

rare.

0-7710| Pleistocene to

Lower Creta-
ceous series

See Bull. 2, fig. 20 and Cretaceous mollusca
by Vokes, p. 126-150; also Cretaceous
macrofossils by Richards, 1948, p. 51-53.
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TABLE 12—Continued

. o
ngtt)h Series or System Remarks
Test hole 0-7178| Pleistocene ser- | See Bull. 2, fig. 20, Cretaceous foraminifera
Wor-Ce 12 ies to Dre- by Cushman and Cretaceous mollusca
Cambrian(?) by Stephenson; also Richards, 1948, p.
Location— system 50-51.
Berlin
TABLE 13

Distribution of Foraminifera in Four Wells in Somerset and Worcester Counties
By Glenn G. Collins

. 5 = Som- | Som- | Som- | Wor-
Species of Foraminifera Bb 1 Cal Ci6 | Dd 26

South .
3 P Deal West- | Snow
Miocene series Island i\gl"‘ﬁg over Hill

Spiroplectammina mississippiensis (Cushman).. ... ... ... .. X = =
Spiroplectammina spinosa Dorsey.......................... X = =
Textularia consecta I’Orbigny .. ........................... X — ==
Textularia ci. T. foliacea Heron-Allen and Earland........ ... X == ==
Textularia gramen d’Orbigny. . ............ ... ... ... ... ... X = —
Textularia mayori Cushman. .. ........................... X = =
Textularia obligua Dorsey. ................................ N X =
Quingueloculina seminula (Linnaeus)..................... .. X = X
Massilina mansfieldi Cushman and Cahill........ .. ... .. .. N = =
Sigmoilina tenuis (Czjzek)............... ... ... .. ... — = =
Pyrgo cf. P. magnacandata Smith............. .. ... ... ... X — —
Tritocutina cf. T. trigonula (Lamarck)...................... — —] —
Robulus branneri Cushman and Kleinpell . . .......... ... ... X — 5
Robulus americanys (Cushman)..... ... .. ........ ... ... X — e
Robulus americanus (Cushman), var. spinosus (Cushman)....| X — -

Planularia vaughani (Cushman)........................... --
Marginulina sp... ... ... ... —
Dentatina communis d’Orbigny . .............. ... ... ... ... —
Dentalina consobrina d’Orbigny, var. emaciata Reuss. . ... . ... =—
Lagena clavata (d’Orbigny) . . ............. .. ... ... ... ... N
Lagena acuticostata Reuss. ... ... ... ...................... X
Lagena laevis (Montagu) . ... ............................
Lagena tenuis (Bornemann)............................... ly
Guttuling problema d’Orbigny. ... ... ... ... ... .. .....
Guttuling elegans Dorsey. . .. ........ ... ... i —
Guttulina rectiornate Dorsey. .. ... ...,
Globulina rotundata (Bornemann) . ... ... . ... .. ... ...
Pseudopolymorphina decora (Reuss) . . e |
Pseudopolymorphina striata (Bagg).........................

s
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Species of Foraminifera IS;%"T %szl- S&mﬁ- I‘)on;;s
Miocene series I?l::li II\S:%EEE ‘g::tr' Sﬁ?ﬁv
Pseudopolymorphina rutila (Cushman)..... ... .............. X X — —-
Sigmoidella kagaensis Cushman and Ozawa. . ............... — X — —
Signmonior phina marylandica Cushman...................... X X = =
Nonion advenus (Cushman).............. ... ... ... ..... X = — —
Nonion medio-costatus (Cushman).......................... X X X X
Nonion grateloupt (d’Orbigny). ....... ... iiieiiiinn. X X X X
Nonion pizarrense W. Berry.......... ... ... . ... ... X < X X
Nonion marylandicus Dorsey........ ... ... ... ... ....... = = X X
Nonionella auris (d’Orbigny). ....... ... X X —- r
Elplidium poeyanum (d’Orbigny)...... ... ... .. ......... — = X X
Elphidium insertum (Williamson)...................... ... - 3 — —
Nodogenerina advena Cushman and Laiming. .. ............. X 25 — —
Buliminella elegantissima (d’Orbigny) ... ... ... ... ... ... X e X X
Buliminella curta Cushman. ...... ... ... ... ... ......... e — = X
Bulimina elongata d’Orbigny. .............. ... ... ..., X R X X
Bulimina inflata Seguenza. ... ........ ... ... ... ... ... ... X 3 — —
Entosolenia lucida Williamson. . . ....................... ... X N — —
Virgulina fusiformis Cushman..... ... ... ... . ... ........ X A — —
Virgulina (Virgulinella) miocenica Cushman and Ponton. . .. .. X BT — -
Virgulina pontoni Cushman............................... — X = =
Siphogenerina lamellata Cushman.......................... X X — - -
Siphogenerina spinosa (Bagg) .. ........ ... . ... X N = —
Bolivina floridana Cushman. ........ .. .. ... ... ... .... X X X X
Bolivina marginata Cushman. .. ....... ... ... ... ... ... X 2 — —
Bolivina marginata Cushman, var. multicostata Cushman. . ... . X X — —
Bolivina calvertensis Dorsey . ... oo X X = =
Bolivina plicatella Cushman...... ... ... ... ............... X e — —
Bolivina plicatelle Cushman, var. mera Cushman and Ponton .. .| X X — —
Bolivina obliqua Barbat and Johnson...................... X X6 — —
Bolivina paule Cushman and Cahill. ... .. .. .. .. ... ... X X X N
Uvigerina kernensis Barbat and von Estorff. . ....... ... ... .. X X — -
Uvigerina subperegrina Cushman and Kleinpell. ... ... ... .. X X — —
Uvigerina auberiana d’Orbigny. .. ......... ... ... ..... — X = —
Discorbis candeiana (I’Orbigny) . . ...... .. ... .. ... ... ... X - X —
Discorbis floridana Cushman. ... ... ... ... ... ......... — X — -
Discorbis valvulata (d’Orbigny). .. ... . ... ... — -- X —
Discorbis warreni Dorsey .. ... ... ... i — — — X
Valvulineria floridana Cushman. ............ ... ... ... ... X BAS X —
Gyroiding marylandica Cushman................ ... ... . ... 2K = = =
Eponides mansfieldi Cushman. . ........................... X X X X
Rotalia bassleri Cushman and Cahill. .. .............. .. .. X X X —
Rotalia beccarii (Linnaeus), var, tepida Cushman. . .......... — X X X




68

SoMERSET, WicoMIco, AND WORCESTER COUNTIES

TABLE 13—Coniinued

Som- Som-

BI)I|CaI
—

Species of Foraminifera

’ Dol | South
0, Marsh
| Bsland | pijand

Miocene serics

Cancris sagra (d’Orbigny), var. communis Cushman and Todd. .
Pulvinulinella pontoni Cushman. ... ... .. ... . ... ... ..
Cassidulinag crassa d’Orbigny. .. ........... . . .. . ... ... ..
Cassidulina laevigala d’Orbigny, var. carinala Cushman. . ... ..
Pullenia sp.. ... ...
Globigerina sp.. . ....... .. .. ...
Globigerina altispira Cushman and Jarvis............ ... .. ..
Globigerinoides sp.. ........ ... ... .. . ... ... ... . .......
Candorbuling universa Jedlitschka. . ... ... ... ... .. . . ...
Globorotalia menardii (’Orbigny). .. ....... ... . .. . ...
Cibicides americanus (Cushman). ... ... ... ... ... ... ... ..
Cibicides concentricus (Cushman). ......... ... ... ... . ...
Cibicides lobalulus (Walker and Jacob)........ ... ... ... ...
Cibicides lobatulus (Walker and Jacob), var. ornatus (Cushmany,
Cibicides floridanus (Cushman).. . ... .. ... .. ... ... ... ...
Dyocibicides biserialis Cushman and Valentine...............
Cibicidella variabilis (d’Orbigny)........... ... ... ......... ‘

Eocene series, rocks of Jackson age

Spiroplectammina alabamensis (Cushman). . ... .. ... ... ..
Textularia hannat Davis.. ... ... .. ... ...
Quinqueloculina sp............. ... ... ... .. ... ...
Robulus alato-limbatus (Gimbel) .. ... .. .. ... ...........
Robulus limbosus (Reuss). . . ... ... ... ... .. .. o
Astacolus danvillensis (Howe and Wallace).............. ...
Saracenaria sp.. . ... ...
Marginulina cocoaensis Cushman................. ... ... ...
Marginulina triangularis d’Orbigny, var. danvillensis Howe
and Wallace. ... .. ... . ... ..
Nodosaria fissicostata (Gimbel). .................. ... ... ...
Nodosaria latejugata Giimbel, var. carolinensis Cushman. . . . ..
Dentalina bevani Cushman and Cederstrom. ................
Dentalina cooperensis Cushman. . ..........................
Dentaling soluta Reuss. . .......... ... .. ... ... .........
Frondicularia lenuissima Hantken. . . ... ... ... ... ... ..
Lagena costala (Willilamson) . .. .. ... . ... ... .........
Legena laevis (Montagu).......... ... ... ... ...
Guitulina irregularis (I’Orbigny)...... ... ... ... ... ...
Gultulina problema d’Orbigny. . ... . ... ... .. ... .. ... .
Guitulina spicaeformis (Roemer).. . ........ ... ... .........
Globulina gibba d’Orbigny .. ... .. .. 5 " ..
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Species of Foraminifera
FLocene series, rocks of Jackson age

Globulina gibba d’Orbigny, var. punctaia d’Orbigny .
Globulina rotundafa (Bornemann)................. .. .. .
Sigmomor phina semitecta (Reuss), var. lerquemiana (I‘ornasml) !
Sigmomorphina jacksonensis (Cushman). . ............. ... ..
Sigmoidella plummerae Cushman and Ozawa. . ..... . .. ..
Nonion planatus Cushman and Thomas. . ... ... ... .. . ..
Nonion inexcavafus (Cushman and Applin).......... ... .. ..
Nonionella hantkeni (Cushman and Applin) . .......... ... . ..
Bolivinopsis curta (Cushman). ............. ... . ... . .....
Plectofrondicularia cooke: Cushman. . ...... ... ... .. ... . . ..
Buliminella basistriata Cushman and Jarvis. .. .. ..... ... .. ..
Robertina moodyensis Cushman and Todd. . . ...... ... ... .
Bulimina ovata d’Orbigny . . o
Bolivina jacksonensis Cushman and A])plm SR
Bolivina reclifera Bandy. ........ .. ... ... ... ... ... ...
Virgulina danvillensis Howe and Wallace. ... .. ... ... .
Virgulina recta Cushman. ... ... ... ... ... ... .. ... ..
Uvigerina cookei Cushman. . ... ... .. ... ... ... ... ... .. ..
Uvigerina gardnerae Cushman, var. fexana Cushman and Applin
Uvigerina glabrans Cushman. .. ...... ... ... ... .. .. ...
Uvigering cocoaensts Cushman. ............ ... ... ... . .....
Uvigerina dumblei Cushman and Applin. .......... ... ... ..
Angulogerina cooperensis Cushman...... ... ...
Discorbis alveata Cushman. .. ........... ... ... ... ... ... ..
Discorbis hemisphaerica Cushman.... ... .. ... ... .. .. . . ...
Discorbis assulata Cushman. . ... ... ..
Discorbis globulo-spinose Cushman. . . ...
Lamarckina ocalana Cushman.. . ... . ..
Eponidcs jacksonensis (Cushman and A])])lm)
Eponides lotus (Schwager). . ................. ...
Valvulineria texana Cushman and Ellisor. . ... ... .. !
Gyroidina soldanii d’Orbigny, var. octocamerata Cushman 'md
G.D.Hanna.. ... ... ... . ... oo
Gyroidina obesa Bandy ... ......... ... ... . ...
Siphonina jacksonensis Cushman and Applin......... ... ...
Alabamina wilcoxensis Toulmin. ........ ... .. ... ... ..
Cassidulina globosa Hantken. . . .......... .. ... .. ... .. ...
Pulvinulinella danvillensis Howe and Wallace. . . . .
Globigerina bulloides d’Orbigny . . . ..

Globigerina dissimilis Cushman and Bermu(lez. .............
Globorolalia cocoaensis Cushman. . ................. ... ... ..
Globorotalia inconspicua Howe . . .. ... .. ... ... ... .. ... ..
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TABLYE 13— Continued

Species of Foraminifera ’ ‘;;%ml' %(;";' S&mé- I‘)YiO;;S
Eocene series, rocks of Jackson age 13:::111 ?f::rtshg ‘ngtr' ??m"
slan

Anomalina umbonifera (Schwager). . ... ... ... ... ... ... | X ‘ = = =
Cibicides lobatulus (Walker and Jacob). ................. ... X X = —
Cibicides americanus (Cushman)........ ... ... ........... l X X — —
Cibicides sculpturatus Cushman and Cederstrom............. X == - —
Cibicides cocoaensis (Cushman). ........................... X X - —
Cibicides ocalanus Cushman............................... X X — =
Cibicides pseudoungerianus (Cushman). . ................ ... 53 - — —
Cibicides pseudowuellersiorfi (Schwager).................. ... X X = =
Cibicides ouachilaensis Howe and Wallace............... ... . e X — —
Cibicides westi Howe. ... ... ... ... ... ...........

Cibicidina danvillensis (Howe and Wallace) . ............. ... X = — =
Dyocibicides danvillensis Howe and Wallace . ............ ... — X = —

Paleocene series

Spiroplectammina plummierae Cushman..................... X ‘ X = —
Gaudryina rudita Sandidge . . .. .............. ... .. ....... X = — —
Clavulinoides midwayensis Cushman...................... .. N — — =
Triloculina natchitochensis Howe........................... N N

Robulus midwayensis (Plummer).......... ... ... ... ... ... X — — —
Robulus midwayensis (Plummer), var. carinatus (Plummer)...| — X — -
Robulus insulsus Cushman. .. ... ...... ... ............... | — — | —
Robulus alabamensis Cushman................... ... .... .. X — — —
Robulus wilcoxensis Cushman and Ponton. .. ............... X — = —
Marginulina tuberculata (Plummer). ... .................... X X — —
Marginuling toudmini Cushman.......................... X — - -
Marginulina longiforma (Plummer). ....................... X = = =
Dentalina colei Cushman and Dusenbury. .. .............. .. X X = —
Lagena aculicostala Reuss. ................................ == X = —
Chrysalogonium eocenicum Cushman and Todd.............. X = = =
Saracenaria midwayensis Kline. ........................ ... X = = =
Guitulina hantkeni Cushman and Ozawa.................... X X — —
Guttulina irregularis (’Orbigny)..... ... ... ............ -— X — —
Guttulina problema d’Orbigny .. ....... ... ... ... ... ... ... — X — —
Ramulina sp.. . ... ... . .. . . . . | x =3 = —
Nonion planatus Cushman and Thomas. ... ................ — X — —
Nonionella soldadoensis Cushman and Renz............. ..., | X X — =
Pseudouvigerina naheolensis Cushman and Todd. .. ... ... ... X 2K — —
Siphogeneroides eleganta (Plummer) . ....................... X — = —
Bulimina cacumenata Cushman and Parker................. X X — —
Bulimina arkadelplhiana Cushman and Parker, var. midwayen- I

sis Cushman and Parker. .. ... ... ... .. ... ........... 26 —
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South ; 0
Paleocene series IS::E %\sllzl;fc}ll ‘zssétr' Sﬁﬂ‘f’

Bulimina kugleri Cushmanand Renz....................... | ¢ — — —
Bulimina ovata d’Orbigny.................. ... .. ......... | — N — —
Entosolenia crumenata Cushman. . ......... . ... ... ... ..... X = = =
Entosolenia laevigata (Reuss). . ............................ — X — —
Virgulina naheolensis Cushman............................ RS -— — —
Bolivina crenulata Cushman.... .. .. ... .. ... ... . ... N X — —
Bolivina midwayensis Cushman............................ X - = = -
Angulogerina virginiana Cushman. . ... ... ... ... ... .. .. .. X X — -
Ellipsonodosaria paleocenica Cushman and Todd............. X X = —
Lamarckina naheolensis Cushman and Todd................. X — — —
Valvulineria allomorphinoides (Reuss)...................... N X — —
Gyroidina soldanii d’Orbigny, var. octocamerata Cushman and

G.D.Hanna......... ... v == X — —
Gyroidina subangulata (Plummer)....... ... ... ... ....... 2 N — —
Eponides plummerae Cushman. . ......... ... ... ......... X — =
Eponides lotus (Schwager) . ................. oo, . X — —
Siphonina prima Plummer................... ... .......... X X =
Asterigering primaria Plummer... ... ... . ... .. oL 26 X —
Ceratobuliming sp.. .. ...t — X —
Alabamina wilcoxensis Toulmin........... ... .. ... ......... - X ==
Pullenia quingueloba (Reuss), var. angusta Cushman and Todd! X - —
Globigerina compressa Plummer... ... ... ... ... ......... X X —
Globigerina pseudobulloides Plummer. .. ... ... ... .......... >3 X =
Globigerina triloculinoides Plummer. . ......... ... ........ [ A& ¥ —
Globigerina inconspicua Howe. ... ..... ... ... ... .. ...... — X — —
Globorotalia wilcoxensis Cushman and Ponton. . ............. - X — --
Globorotalia wilcoxensis Cushman and Ponton, var. acuia

Toulmin....... ... X X = —
Globorotalia crassata (Cushman)........ .................. X — — —
Globorotalia crassata (Cushman), var. aeequa Cushman and

Renz. ... . X — = -
Anomalina midwayensis (Plummer). . ...................... X X = -
Anomalina acuta Plummer. .. ............................. X — — -
Cibicides blanpiedi Toulmin. .. ... .. ... ... . ............... X — — —
Cibicides praecursorius (Schwager)......................... O X — -
Cibicides howelli Toulmin................................. X X — —

At Deal Island (Som-Bb 1) the driller did not penetrate the entire Paleocene
section but did go through 129 feet of Paleocene clay (Table 10). Since at
Crisfield only the lowermost 30 to 50 feet of the greater than 200-foot section
yields water, the well may not have gone deep enough to show the potentialities
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of the Palcocene at Deal Island. The well was plugged back and completed in
the Eocene sand.

In the old deep test at Pocomoke City (Wor-Fb 19), water, described as
“not good,” was found in the Paleocene section from 1,320 to 1,340 feet below
land surface.

In the oil test near Salisbury (Wi-Cg 37), the thickness of the Paleocene seems
to be in doubt (Bull. 2, fig. 20 and p. 18). 1t is at least 40 feet thick, between
the depths of 1,320 and 1,360 feet, and Paleocene-type Foraminifera indicate
that it may be 100 feet thick, extending as high in the well as 1,260 feet. Much
of this doubtful section is described from the cores as a “hard brownish-white
chalk with only a trace of glauconite” (this doubtful section is preferably
placed in the Nanjemoy formation, Eocene series). The section from 1,320 to
1,360 is rich in glauconite, but is described as clayey and would probably not
yield water to wells.

The Paleocene sections in the oil tests near Berlin and Ocean City (Wor-Ce
12 and Wor-Bh 11) were not definitely established by Anderson (Bull. 2, fig.
20). The interpretation in Plate 4, based on the Midway fauna found in the
Ocean City test and correlation on the electrical logs to the Berlin test, places
the top of the Paleocene at —1,430 (sea level datum) in Wor-Ce 12 and at
—1,812 in Wor-Bh 11, with 210 feet and 260 feet thickness, respectively. These
sections are predominantly silty glauconitic clay.

The Paleocene series is primarily an aquiclude in Somerset, Wicomico, and
Worcester Counties but does function as an aquifer in the vicinity of Crisfield,
where it yields large quantities of a soft water containing much sodium bi-
carbonate.

The significant hydrologic fact is that the aquifer of Paleocene age does not
have a known intake belt, and so must be producing from storage or from
leakage across formation boundaries. Moreover, the aquifer apparently shales
out between Crisfield and Salisbury (29 miles). The Paleocene aquifer must be
regarded as of low ultimate potential yield.

Eocene Series

Only four wells in the area produce from the Eocene formations. Three
produce usable water in western Somerset County; the fourth flows highly
mineralized water to waste on the Isle of Wight, northeastern \Worcester
County. The records of these 4 wells, with the records of 21 other wells or test
holes drilled to or through the Eocene series, indicate that the Eocene series
consists of equivalents of two lithologically and faunally distinct groups: the
Pamunkey group of middle Eocene age and the Jackson group of late Eocene
age. Equivalents of the Pamunkey group consist only of the Nanjemoy forma-
tion, which is a chalk in this area. Equivalents of the Jackson group are com-
posed of the Piney Point formation, a glauconitic sand, and the Chickahominy
formation, a fossiliferous brown shale.
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The top of the Eocene series was encountered at 501 feet below land surface
in a well (Som-Ca 1, altitude 3 feet) on South Marsh Island, at the western
boundary of the area, and at 1,642 feet below sea level in a well (Wor-Bh 11)
on Fenwick Island, on the eastern margin. The top of the series forms a fairly
uniform homocline dipping at the rate of 27 feet per mile (fig. 9).

The isopach map, figure 10, shows a range in thickness of the Eocene series
from zero in the southeastern corner of the area to more than 300 feet at the
north along the Delaware boundary, based on the difference between the struc-
ture maps, figures 7 and 9. The Eocene thickens toward the north, suggesting
that the sedimentation came from that direction, as the axial trough shown
on top of the Paleocene series (fig. 7) became filled.

The well on Deal Island (Som-Bb 1, altitude 5 feet) is reported to produce
a large quantity of water from the upper TLocene sediments, 83 feet of gray-
black coarse sand between 388 and 671 feet below land surface. The aquifer is
confined between clays of the overlying Calvert formation of Miocene age and
the underlying sediments of Paleocene age. The water level was only 1 foot
below land surface in June 1950, so the head remains high. The chemical
analysis indicates a nonirony soft water containing much sodium bicarbonate
and slightly salty (bicarbonate 948 ppm, chloride 250 ppm).

The 840-foot well at Rumbley (Som-Cc 1) was brought in with considerable
difficulty, possibly because the medium to coarse ‘“water” sand was only 9
feet thick, although the aquifer was drilled for 105 feet more in a silty, fine
sand. The yield is small, and the total solids and chlorides are high (solids
1,530 ppm, chloride 242 ppm).

The city of Crisfield well, Som-Ec 4, is screened from 819 to 829 feet below
land surface in the Piney Point formation of the Eocene series. The sand is
very glauconitic. The well has a high capacity, but since it produces also from
the Miocene series and the Cretaceous system, it is not known what yield is
being derived from the Eocene. Similarly the water analysis, which indicates a
nonirony, soft, sodium bicarbonate water, moderately high in dissolved solids
(730 ppm), is a mixture of all three formation waters. Other well logs in the
Crisfield area (Som-Ec 5 and 7) indicate a predominantly clay section for the
Eocene and are difficult to correlate on lithology alone.

On Smith Island and South Marsh Island the Eocene series is logged as
hard sandstone and clay with little water (Som-Ea 1, 2, 7, 9, and -Ca 1). The
section is by-passed to produce water from the underlying Cretaceous system.

At Pocomoke City the Eocene series is also logged as a clay with green and
black sand (Wor-Fb 19). In the oil test near Salisbury (Wi-Cg 37), the Eocene
is described as “dull, brown waxy, clay shales rich in Foraminifera and with a
subordinate amount of fine-grained, green, glauconitic sand” between 1,140
and 1,250 feet, and as “hard, brownish-white chalk with only a trace of glau-
conite’”” from 1,250 to 1,330 feet (Bull. 2, p. 17). In the oil test near Berlin
(Wor-Ce 12) the Eocene series is described as ‘“‘dark, grayish-brown clay with
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a small amount of fine sand” (Bull. 2, p. 86), between 1,230 and 1,430 feet. In
the oil test near Ocean City (Wor-Bh 11), the Eocene lies somewhat deeper,
between 1,642 and 1,812 feet, and is described as a “pale-brown, foraminiferal
clay containing a subordinate amount of glauconite, and a small amount of
fine to medium grained, rarely coarse, light-olive-gray sand” (Bull. 2, p. 94).

Well Wor-Bg 10, on the Isle of Wight about 4 miles north of Ocean City,
was drilled to a depth of 1,706 feet as an oil test in 1914, No oil was found,
but a strong salt-water flow was encountered, which was bottled and sold as
mineral water. The well is still flowing a few gallons a minute of water having
a chloride content of 2,550 ppm (Table 37).

In this tri-county area the Eocene series functions predominantly as an aqui-
clude, and only in isolated wells in western Somerset County and northern
Worcester County does it perform as an aquifer—a poor one. This is in strong
contrast to the Locene series in Dorchester and Talbot Counties where it is
the most important aquifer.

Pamunkey group

Nanjemoy formation. The Nanjemoy formation has been identified only in
the Salisbury oil test (Wi-Cg 37) in the range from 1,250 to 1,320 feet below
land surface (Bull. 2, p. 213-268). Even this correlation is not positive, for
Cushman says: “A few species known elsewhere only from the Paleocene
occur as high as 1,200 feet, indicating that the interval from 1,260 feet to
1,320 feet must remain somewhat in doubt as to its exact position in the
Eocene section.” Shifflett (1948, p. 33) says there is no indication of Aquia or
Nanjemoy age Foraminifera in the Berlin oil test (Wor-Ce 12) or in the
Ocean City oil test (Wor-Bh 11).

In the Salisbury oil test, the section probably referable to the Nanjemoy
formation is described as a “‘hard, brownish-white chalk with only a trace of
glauconite.” This lithology is quite unlike that of the type locality, or of any
known section of the Iocene outcrop in Maryland.

Jackson group equivalent

Piney Point formation. Rasmussen and Slaughter (1951) identified a sand
aquifer of Jackson age in five counties of southern Maryland and two counties
of northern Virginia in estimating the ‘“‘safe” yield of the aquifer in the vicinity
of the city of Cambridge, Dorchester County, for which Otton (1935) has
proposed the name Piney Point formation.

The Piney Point formation is considered to be present at Deal Island, 83
feet thick in Som-Cb 1; at Rumbley, 114 feet thick in Som-Cc 1; on South
Marsh Island, 106 feet thick in Som-Ca 1; on Smith Island, 55 to 100 feet
thick (Som-Ea 1 to 9); at Crisfield, 100 feet thick in Som-Ec 4; and on the
Isle of Wight (Wor-Bg 10), thickness unknown. The formation is presumed to
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interfinger with the Chickahominy formation in other wells at Crisfield (Som-
Ec1,2,3,5,7,8,9) and in the well at Pocomoke City (Wor-Fb 19), and to
underlie a shale of Jackson age at the Ocean City oil test (Wor-Bh 11), where
it is 90 feet thick (from 1,730 to 1,820 feet). It is apparently absent in the deep
oil tests near Salisbury (Wi-Cg 37) and Berlin (Wor-Ce 12) where the shale
dominates.

Hence, the Piney Point formation is sporadic in distribution in Somerset,
Wicomico, and Worcester Counties, apparently lensing into a shale unit. It
contains water of moderate to high mineralization and cannot be regarded as
a reliable aquifer.

Chickahominy formation. The Chickahominy formation, shale unit of Jackson
age, is a brown foraminiferal glauconitic clay which performs as an aquiclude,
confining water of the Piney Point formation, where the two are in contact,
and functioning with the upper clays of the Paleocene series as an aquiclude
where the Piney Point is absent.

The Chickahominy formation is 110 feet thick in the oil test hole near
Salisbury (Wi-Cg 37), and 170 feet thick in the oil test hole near Berlin (Wor-
Ce 12). Tt is 80 feet thick in the oil test near Ocean City (Wor-Bh 11), occurring
from 1,650 to 1,730 feet. The Chickahominy formation apparently interfingers
with facies of the Piney Point formation at Pocomoke City (Wor-Fb 19),
Crisfield (Som-Ec 1to 3, 5, and 7 to 9) and possibly also on Smith Island
(Som-Ea 1, 2, 7, 8, and 9) and South Marsh TIsland (Som-Ca 1).

Oligocene Series

Oligocene deposits are lacking in Somerset, Wicomico, and Worcester
Counties. The hydrologic effect of the unconformity formed during Oligocene
time, with the subsequent overlap by Miocene silts, was to deny the Piney
Point formation an intake belt of its own. Recharge must move across bedding
planes from the Aquia and Nanjemoy formations or from the Miocene basal
sand in Talbot County.

Miocene Series

The Miocene series consists of thin to moderately thick sand aquifers sep-
arated by thick silt aquicludes. The aquifers are, in places, capable of moderate
to large yields of water, which ranges in quality from good to poor. The aqui-
cludes probably are leaky and yield some water from storage to the aquifers
when the aquifers are pumped heavily.

Lower Miocene series

The lower Miocene is not recognized in Maryland. Spangler (1950, p. 121,
fig. 7) indicates lower Miocene deposits between depths of 1,090 and 1,595 feet
in the Ocean City oil test (Wor-Bh 11), and between about 1,100 and 1,360
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feet in the Berlin oil test (Wor-Ce 12) but did not give lithologic or paleon-
tologic evidence in support of the correlation.

Middle Miocene series— Chesapeake Group

Calvert formation and the Nanticoke aguifer. The Calvert formation is primarily
a thick aquiclude which contains two or more thin aquifers. The top of the for-
mation slopes gradually from a depth of 200 feet below land surface in north-
western Wicomico County to slightly more than 1,000 feet below land surface
in southeastern Worcester County (fig. 11). The formation ranges in thickness
from 204 feet in Som-Ca 4 on South Marsh Island to 630 feet in Wor-Bh 11 on
Fenwick Island. The isopach map (fig. 12), derived from the structure maps
(figs. 9 and 11), indicates general thickening toward the northeast, with a
broad slightly thicker belt in the north-central part of the area, and an average
thickness of about 430 feet.

The control for Calvert formation in this area consists of 35 wells or test
holes which | enetrate to or through it: 21 in Somerset County, 10 in Wicomico
County, and 4 in Worcester County. Lithologic descriptions of the formation
are available in 31 of these 33 wells; paleontology of the formation is available
in 11; 6 wells produce water and provide some hydrologic knowledge; 21 wells
penetrate through the formation and produce from deeper aquifers; 10 were
test holes for oil, gas, or water.

The Calvert formation is predominantly a gray silt, slightly glauconitic in
the upper part and diatomaceous in the lower part. The well drillers usually
describe the Calvert as blue, brown, green, or gray clay. The few sands which
they encounter are frequently described as crusty, hard, and cementlike.

The sands are generally fine and very fine, with occasional shell fragments.
In western Wicomico County the sands in the upper part of the formation are
sufficiently permeable to provide water from a bed which is named the Nanti-
coke aquifer. Some water is also produced from a well of the city of Crisfield,
Som-Ea 4, from a sand screened between depths of 726 and 731 feet, near the
base of the Calvert formation. Since this well is screened also in the Eocene
and Cretaceous sands, it is difficult to determine what proportion of its yield
comes from the Calvert.

One of the more careful driller’s logs of the Calvert and overlying Miocene
formations is recorded by Clark, Mathews, and Berry (1918, p. 316) for the
oil test (Wi-Bg 12), about 3.5 miles northeast of Parsonsburg. The fossils from
this well indicate that the section from 618 to 1,130 feet is Calvert. This sec-
tion consists of light gray clay, gray diatomaceous earth, and gray quartz
sand with shell fragments. The driller noted nine water sands in this oil test,
of which the lowest two in the Calvert formation are:

T

Fighth water sand . . . 755-760 highly mineralized
Ninth watersand. .. . .. 940-945 “a little sweet, as if it has some sugar in it”
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In the other deep oil test drilled in Wicomico County in 1944 (Wi-Cg 37),
6 miles east of Salisbury, Anderson (Bull. 2, p. 18) describes the Calvert sec-
tion as follows:

From 640 to 1000 feet, the portion of the section from which ditch samiples were collected,
the beds consist of pale-gray silty clay. In the upper 60 feet dull-gray argillaccous sands were
present. Fossil fragments and glauconite were noted, the glauconite being more abundant in
the interval from 810 to 820 feet. From 1000 to 1140 feet the section was cored and revealed
beds consisting of pale brownish-gray silty clay. Shell fragments, fish remains, Foraminifera,
and diatoms were present in practically all samples.

Three wells (Wi-Cf 61, 62, and 63) were drilled to depths of about 1,000
feet in a relatively small triangle, 3 to 5 miles east-southeast of Salishury, in
search of a reservoir to store gas. These wells penetrated about 500 feet of the
Calvert formation. Samples indicate that the formation is a gray silt and fine
sand. The paleontology of the samples from Wi-Cf 61 and 63 is in Table 11.
The log of Wi-Cf 61 shows a sand, the Nanticoke aquifer, at the top of the
Calvert formation (fig. 13).

In the oil test at Berlin (Wor-Ce 12), Anderson (Bull. 2, p. 86) comments
on the section from 800 to 1,230 feet below land surface:

The lithology of the samples from the Calvert formation indicates that it consists primarily

of pale-gray to grayish-white silty clay with occasional streaks of fine to medium-grained sand.
Traces of glauconite, lignite and shell fragments were noted.

In the deep oil test 3 miles north of Ocean City (Wor-Bh 11), the Miocene
serics was identified by fossils, but it was not subdivided. On the basis of the
lithology of the ditch samples described by Overbeck (Bull. 2, p. 428 -440),
the interval from 970 to 1,650 feet is assigned to the Calvert formation. Part
of this section is described by Overbeck (Bull. 2, p. 94, 95) as follows:

1160-1500 Predominantly yellowish-gray and pale-brown clay. Some fine to coarse sand and
hard, calcareous beds. Shell fragments. Glauconite appears in the cuttings be-
tween 1010 and 1220 feet. Diatoms present.

1500-1650 Chiefly pale-brown clay. Foraminifera suggest that this interval corresponds to
the Calvert formation of the Hammond well. Heavy diatom bed occurs at
1610-1650 feet and possibly represents the Fairhaven member.

The nearby old oil test on the Isle of Wight (Wor-Bg 10) is believed to be pro-
ducing water from the Eocene series, although Clark, Mathews, and Berry
(1918, p. 319) considered it possible that this water came from a basal Calvert
sand.

In the old test hole drilled for water at Pocomoke City (Wor-Fb 19), the sec-
tion assigned to the Calvert is 433 feet thick, extending from 609 to 1,062 feet
below sea level. The section is described primarily as green clay, but one green
and black sand, 40 feet thick, from 851 to 891 fect depth, is mentioned.

In Somerset County, the Calvert formation is, according to the drillers,
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predominantly blue, green, and brown clay. A water sand in the Calvert is
mentioned in Som-Ea 1 on Smith Island, but no comment is given on yield or
water quality, and the well was completed in sands of the Cretaceous system.
Likewise, a 42-foot gray sand is listed in the Calvert section at Tylerton (Som-
Ea 9), Smith Island, but the well was completed much deeper in Cretaceous
sands. At South Marsh Island (Som-Ca 1), Deal Island (Som-Bb 1), Rumbley
(Som-Cc 1), Crisfield (Som-Ec 1 to 5, 7 to 9) and Smith Island (Som-Ea 1 to
9), the Calvert formation was by-passed for deeper sands, and only in the
multiple-screened city well of Crisfield (Som-Ec 4) was some water derived
from it. At Princess Anne (Som-Be 30), the top of the Calvert formation is
believed to have been reached at 401 feet below sea level, and 306 feet of a gray
silt, clay, and sand were logged.

Since much of the Calvert formation is a silt, or very fine sand, the infiltra-
tion properties of the intake belt are probably poor. The one aquifer of the
Calvert that has any appreciable extent is developed mainly in Wicomico
County and is called the Nanticoke aquifer. On the basis of regional structure,
this sand, if extended to sea level, would probably underlie the Pleistocene
and Pliocene (?) sands and silts in northern Caroline County, northwestern
Talbot County, and cross beneath Chesapeake Bay to central Calvert County.

The Nanticoke aquifer is the name herein applied to the upper sand of the
Calvert formation, and to such portions of the basal part of the Choptank
formation as transmit water with it, which produces water at Sharptown
(Wi-Ad 1), in the vicinity of Mardela Springs (Wi-Be 6, -Bc 27, -Bd 11), at
Vienna (Dor-Dh 5, 6, 7 and 8), and extensively throughout the northeast sec-
tor of Dorchester County. The name Nanticoke has been selected because of
the development of the aquifer beneath the tributary area of the Nanticoke
River.

The Nanticoke aquifer is typically developed at the High School well at
Mardela Springs, Wi-Bd 11, in which it is about 44 feet thick. Tt is 39 feet thick
in the Sharptown well, Wi-Ad 1. The aquifer may be in production in well
Wi-Cg 33, at the Hastings Hatchery, Parsonsburg, since this well was deepened
through the Choptank formation, but no log is available on the deeper part.

The Nanticoke aquifer appears to be present in the three 1,000-foot test
wells, Wi-Cf 61, 62, and 63, in the two oil tests, Wi-Bg 12 and Wi-Cg 37, and
in the oil test near Ocean City, Wor-Bh 11, where it is about 110 feet thick.
It appears to shale out between I'ruitland and Princess Anne (Som-Be 50), and
to be absent in the deep test at Pocomoke City (Wor-Fb 19). The probable
extent of the aquifer is shown on the structure map of the Calvert formation
(fig. 11).

The aquifer has been test drilled and test pumped at Fruitland (Wi-De 44),
where it was rated with a coefficient of transmissibility of about 5,500 gallons
per day per foot and a coefficient of storage of 0.00011 (Andreasen, 1953). Of
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five wells producing from the aquifer in Wicomico County, two (-Bc 6 and -Bc
27) use small quantities, one (-Bd 11) uses a medium quantity, and two (-Ad 1
and -Cg 35) use large quantities of water. At Vienna, Dorchester County,
two wells in the Nanticoke aquifer are used for public supply and two are used
for domestic purposes.

The quality of water of the Nanticoke aquifer is indicated by analyses of
wells Wi-Ad 1 and Wi-Bd 11. These show a nonirony soft water, high in so-
dium bicarbonate.

Choplank formation. The Choptank formation is a permeable aquifer in
Somerset, Wicomico, and Worcester Counties, but it yields water to only a
few wells because the water is generally so high in dissolved solids that people
find it suitable for only a few purposes. Six wells in Somerset County produce
water from the Choptank formation, and one well is reported to have pro-
duced water from it in Wicomico County. In all, 47 wells are known to
penetrate to or through the formation: 29 in Somerset County, 13 in Wicomico
County, and 5 in Worcester County. Structural and thickness control is ob-
tained from 31 of these wells; lithology is available on 30 wells; and paleontology
on 10 wells.

The top of the Choptank formation slopes from a depth of about 100 feet
below sea level along the Nanticoke estuary, at the northwest margin of the
tri-county area, to about 800 feet below sea level beneath Assateague Island,
on the southeast boundary of the area (fig. 14). The well control is not evenly
distributed, so that information is actually confined to only a few areas and
the contouring, therefore, looks fairly regular. A small monoclinal flattening is
apparent in the vicinity of Crisfield, with a local increase in dip at Pocomoke
City, but, otherwise, the average rate of dip is about 17 feet per mile.

The formation appears to thicken to the northeast at an irregular rate, from
a minimum of 35 feet in a well at Crisfield to a maximum of 260 feet on Fen-
wick Island (fig. 15). The average thickness is estimated at 120 feet.

The formation is largely a gray coarse to fine sand with shell fragments,
occasional hard beds, and lenses of gray clay. Its description in the Salisbury
oil test, Wi-Cg 37, by Anderson (Bull. 2, p. 19) is:

This formation consists of pearl-gray to white marl and medium-grained sand. Glauconite
is present but is very scarce. Fragments of macro-fossils were noted in all ditch samples.

In the Ocean City oil test, Wor-Bh 11, the ditch samples from 710 to 970
feet below land surface are referred by the present writers to the Choptank
formation. A summary of Overbeck’s description is:

Light olive-gray sand, little clay; sand chiefly medium and coarse-grained. Shell fragments
common, forams rare. Iardshell.

Four of the six wells producing from the Choptank formation are in the
Crisfield area (Som-Ec 30, 32, and 33, and -Ed 4). One well (Som-Df 2) is near
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Pocomoke City. The wells are for domestic and farm use, equipped with small
reciprocating or jet electric pumps, and are rated at only small to moderate
yield. The well on Deal Island, Som-Cb 16, is reported to have a large yield
from the Choptank formation. A well at Hastings Hatchery, Parsonsburg,
Wi-Cg 35, had a large yield from the Choptank formation before it was deep-
ened to the Calvert formation. The quality of water from the Choptank for-
mation there was undesirable (Table 36).

A test hole for water at Princess Anne, Som-Be 30, was drilled through 46
feet of gray sand and shells, predominantly coarse to medium grained, between
depths of 373 and 419 feet, which are assigned to the Choptank formation.
Although the city completed well Som-Be 51 in the higher Manokin aquifer
with a 350 gpm test, the driller was of the opinion that the Choptank formation
would produce more. No report on the quality of water from the Choptank
formation is available from the Princess Anne test.

Specific capacities of wells in the Choptank formation are as follows: 4.6
gpm/ft. for Som-Df 2; 11.4 gpm/ft. for Som-Ec 11; 10 gpm/ft. for Som-Ec 30;
and 5.1 gpm/ft. for Som-Ec 32.

Iigure 38 shows that the Choptank formation has the worst water of any
aquifer now in use with respect to dissolved solids (average 3,179 ppm), chloride
(average 939 ppm), bicarbonate (average 1,200 ppm) and hardness (average
188 ppm), and is low only in iron (average (.35 ppm). These averages are de-
rived from wells Som-Cb 16, Ec 33, and Ed 4, and Wi-Cg 33. The water is
frequently too bad to use. The water from the well drilled at McCready Hospi-
tal, Crisfield, Som-Ec 11, is reported too bitter to use. The well drilled for the
school at Jairmount, Som-Cd 9, was plugged because it reputedly contained
too much sodium bicarbonate. In well Som-Df 2, near Pocomoke City, the water
is reported salty but is used. In the northern suburbs of Crisfield the quality of
Som-Ec 30 is reported fair, and that of Som-Ec 32 is reported to contain sodium
bicarbonate but is usable. Water from Som-Ed 4, a domestic well, east of
Crisfield, had a chloride content of 939 ppm, which would limit the use of the
water to special purposes.

The Choptank formation has a broad intake belt, about 14 miles wide, 20 to
30 miles northwesterly from the lower tri-county area. The quality of water
probably improves toward the intake area beneath the higher lands of the
Delmarva Peninsula, and better-quality water may be found in northern
Wicomico and Worcester Counties than is indicated by the analyses from
Somerset County on the south.

St. Marys formation. The St. Marys formation forms an aquiclude which is
not known to yield water in Somerset, Wicomico, and Worcester Counties
It is composed predominantly of sandy clay and silt. The top of the formation
ranges in depth from 52 feet below sea level at Sharptown (Wi-Ad 1), in the
northwestern corner of the tri-county area, to 502 feet below sea level in the
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Ocean City oil test (Wor-Bh 11), and somewhat deeper along the barrier islands
south of Ocean City. The structure map, figure 16, indicates a southeasterly
dipping homocline with a few irregularities, and an average dip of about 11
feet to the mile.

The thickness ranges from 33 feet at Mardela Springs (Wi-Bd 11), to 200
feet in the Ocean City oil test (Wor-Bh 11). The isopach map, figure 17, indi-
cates a general thickening of the formation toward the east, with a lens-shaped
thickening to more than 200 feet in the vicinity of Snow Hill. The average thick-
ness is estimated to be 130 {eet.

The control for the description of the St. Marys formation is based on 49
wells, of which 47 penetrate through the formation, and 2, Som-De 1 and Wi-Cd
33, were abandoned in it. Of these wells, 30 are in Somerset County, 14+ in Wi-
comico County, and 5 in Worcester County. Ten were test holes and 39 are
wells. For 10 wells some paleontology is available to control the stratigraphy,
and 34 wells provide knowledge of the structure, thickness, and lithology.

In Somerset County the St. Marys formation, as described in the logs of 18
wells, is almost entirely a blue clay, with shell fragments. Only two wells,
Som-Ce at Deal Isfand, and Ea 9 on Smith Island, have any appreciable gray
sand recorded. An unusual description is that of Som-Df 2 near the Pocomoke
River, where the formation is described as a white clay.

In Wicomico County the formation is predominantly a sandy and silty clay
with shell {fragments, as described in 10 wells (Wi-Ad 1, -Bd 11, -Bd 45, -Bf 8,
-Bg 12, -Cd 33, -Ce 42, -Cf 61, 62 and 63), but more stringers of gray sand are
logged than in the Somerset County wells. This may indicate that Wicomico
County is nearer to the sedimentary source area, as well as being nearer to the
wide sub-outcrop belt where the St. Marys formation lies beneath the shallow

Pleistocene and Pliocene(?) mantle in Dorchester County (Clark, Shattuck,
and Dall, 1904, P1. 1).

In Worcester County, the St. Marys formation at Bishopville is a tough gray
clay and rock (Wor-Af 3) and at Pocomoke City (Wor-Fb 19) it is composed
of clay and boulders. In the Ocean City oil test (Wor-Bh 11) Overbeck (Bull. 2,
p. 430) records 130 feet of sand, 10 feet of sandy marl, 20 feet of sand, and 40
feet of sandy clay, which the present writers have assigned to the St. Marys
formation. Since these are ditch samples taken with a hydraulic rotary rig from
a mudded hole, the clays and silts may have been overlooked.

Throughout most of the lower tri-county area the St. Marys formation is
overlain by the Yorktown and Cohansey formations(?) of late Miocene age, but
in the northwestern corner of Wicomico County, in the vicinity of Sharptown,
Vienna, and Mardela Springs, it is overlain directly by a relatively thin Pleisto-
cene and Pliocene(?) mantle.

Hydrologically the St. Marys formation functions as an aquiclude, effectively
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excluding the partially mineralized waters of the underlying Choptank forma-
tion from contaminating the overlying “sweet’” waters of the Manokin aquifer
of the Yorktown and Cohansey formations(?). In drilling through the St. Marys
formation care should be taken to seal the opening between the casing and the
drill hole, so that the waters of the Choptank formation do not flow upward
along the outside of the casing, as the St. Marys is described in some wells as a
tough clay (see Wor-Af 3) which may not everywhere be sufficiently plastic to
close this opening of its own accord.

U pper Miocene series—Y orklown and Cohansey formations(?)

The upper Miocene unit in Somerset, Wicomico, and Worcester Counties
consisting of the Yorktown and Cohansey formations(?) undifferentiated, con-
tains the principal artesian aquifers which are readily accessible to drilled wells.
Two prominent artesian water-bearing beds are the Manokin aquifer below and
the Pocomoke aquifer above. Several locally productive sands in addition to
these are also indicated. The sequence contains two relatively thick leaky
aquicludes. Table 14 gives their approximate thickness, geologic character, and
water-bearing properties.

The upper Miocene series conforms to the regional southeasterly dipping
homocline. The top of the Miocene is an eroded surface and indicates the
structure only in a general way. Figure 18, an interpretation of the eroded sur-
face of the Miocene on which the Pliocene and Pleistocene deposits rest indi-
cates that cuestas of low relief developed between streams which drained in a
northeasterly direction. The tributaries joined a major valley in the vicinity of
the Maryland-Delaware line. The northeast strike of the upper Miocene sedi-
ments, with bands of sand and silt, may have controlled the consequent drain-
age.

The thickness of the upper Miocene series, determined by the difference be-
tween figures 16 and 18, is shown in figure 19. The thickness ranges from zero
at Sharptown to more than 400 feet under Assateague Island.

The upper Miocene series is tentatively correlated with the Yorktown for-
mation of Virginia. This correlation does not rest upon a firm faunal relation-
ship, but largely upon tracing the formation by means of well logs to Smith
Island, South Marsh TIsland, and Elliott Island, from which it lies in proper
stratigraphic position to have once been part of a continuous stratum with
the outcrop exposures of the Yorktown formation on the peninsulas between
the Potomac, Rappahannock, and York Rivers. Paleontologists have reported
the upper Miocene series barren of microfossils (McLean, 1950), or have failed
to differentiate it on a faunal basis (see Tables of paleontology, 10, 11, and 12).

This upper Miocene series is also tentatively correlated with the Cohansey
formation of New Jersey, following Richards (1933, p. 332), who says:



TABLE 14

Aquifers of the Upper Miocene Series, Yorkiown and Cohansey Formations(?), in Somerset,
Wicomico and Worcester Counties

Approximate

Member Thickness | Geologic character Water-bearing Properties
(feet)
Upper 0-100& | Gray and blue | A confining bed which yields small quantities
aquiclude Average 50  clayey silt, in- of water from local stringer sands to 3
terstratified scheduled wells in Worcester County.
with layers of | Generally nonproductive.
| gray very fine
to medium sand.
Occasional thin
shell beds.
Pocomoke 0-88 Gray medium to | Yields moderate to small quantities of water
aquifer | About 45 fine sand with to numerous wells: fairly large quantities
where occasional to a few wells. Water is obtained under
confined coarse sand, fine artesian conditions in Worcester County,
gravel, shells, at depths ranging from 60 feet below sea
and streaks of level at Pocomoke City to 190 feet below
clay. at Ocean City. Water-table conditions
prevail where the aquifer is hydraulically
connected with overlying Pleistocene and
Pliocene(?) deposits across an intake belt
about 4 miles wide which extends from
Crisfield through Nassawango Forest and
Willards.
Lower 0-142+ | Gray and green | Generally nonproductive but yields some
aquiclude| About 99 clayey silt, with artesian water at Crisfield, and in the
where some rock, marl, vicinity of Salisbury locally over a few
confined sand, black sand square miles. A leaky confining bed.
and shells.
Manokin | 0-144 Light-gray ~ me- | Yields moderate to small quantities of water
aquifer | About 80 dium to fine to many wells in Somerset County, num-
| where sand, occasion- erous wells in Wicomico County and a few
confined ally coarse in wells in Worcester County. Yields large

section;
and clay

lower
silt

lentils. Shells re-
ported in a few
wells, but usu-
ally nonfossilif-
erous.

quantities of water to municipal wells at
Princess Anne, Snow Hill, and Ocean
City; the principal artesian aquifer at
Snow Hill at depth of 250 feet below sea
level, and the deepest producing aquifer at
Ocean City at depth of 240 feet below sea
level. Water-table conditions prevail in the
aquifer Deneath the Pleistocene and
Pliocene(?) mantle over an intake belt
about 8 miles wide which crosses western
Wicomico County from Bivalve to Mar-
dela and Hebron, and passes into Delaware
near Delmar,
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Since New Jersey was probably above water during Yorktown time, no marine fossils of
this age are known from the state. It is highly possible that the sands and clays of the Cohansey
formation represent deltas or estuaries equivalent in age to the Yorktown farther south. The
presence of some warm-climate fossil plants near Bridgeton, New Jersey, suggests a late
Miocene (Yorktown ?) age for the Cohansey formation.

Manokin aquifer. The Manokin aquifer is the most important artesian bed
in use in Somerset, Wicomico, and Worcester Counties. A total of 267 wells
comprising 16 percent of all the wells scheduled, derive water from it. It is the
principal water-bearing bed of the northern half of Somerset County, and is
named for the Manokin River in that area. The aquifer is the chief source of
water for the county seat, Princess Anne. It is typically developed at the town
test well, Som-Be 50. In Wicomico County, the Manokin aquifer is second
only to the Pleistocene and Pliocene(?) formations as a source of water. It pro-
vides a large supply to industrial wells at Fruitland, and underlies most of the
county. In Worcester County, the aquifer lies at somewhat greater depths and
has not yet been sought extensively, but it provides water for Snow Hill and
Ocean City.

The Manokin aquifer is a gray medium- to fine-grained sand. It is coarser in
the lower portion, containing some coarse sand, granules, and small lenses of
fine gravel. The upper portion is fine to very fine sand, becoming silty in places.
The sand appears to be almost barren of microfossils, but a few samples contain
shell fragments.

The wells and structure of the Manokin aquifer are illustrated in figure 20.
The top of the sand dips southeasterly at the rate of about 10 feet to the mile,
from sea level in northwestern Wicomico County to more than 300 feet below
sea level in southeastern Worcester County. The contour depths are only ap-
proximate. In areas where there are many drillers’ logs, the top of the sand
ranges 25 feet above and below the mean value. This may be due to differences
in description by the well drillers, to lenticularity in the sands and overlying
silts, or to small faults. It does not appear due to unconformity with the over-
lying aquiclude.

The Manokin aquifer has an intake belt beneath the sands and gravels of the
Pleistocene and Pliocene(?) series, from which it receives recharge directly.
This belt ranges from 214 to 6 miles in width and crosses the northwestern
corner of the area from Nanticoke through Hebron to Delmar.

The land surface in the Hebron-Delmar area is 40 to 60 feet above sea level.
The water-table is at depths ranging from 5 to 15 feet below land surface. There-
fore the average head in this portion of the intake area is about 35 feet above
sea level and furnishes the hydraulic drive for the fresh-water recharge of the
artesian portion of the aquifer.

The intake belt passes southwesterly beneath the Nanticoke River, Lilliott
Island, Fishing Bay, Bishops Head, Bloodsworth Island, and South Marsh
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Island. Here the brackish waters of the bay and marsh have access to the
aquifer. A wedge of brackish water in the Manokin aquifer is shown in Plate 11
and indicated by the chemical analyses of wells Som-Bc 14, -Cb 13, -Cd 2, -Cd
39, -Ce 2, -Ce 3, -Ce 4, -Ce 3, -Ce 38, -Ce 39, -Ec 41, -Ed 40, and -Ed 41, in
which the chlorides range from 133 to 792 ppm. The wedge of brackish water
may be due to incomplete flushing of a former high chloride zone or perhaps
the brackish water wells extend below a Ghyben-Herzberg lens in the coastal
part of the outcrop area. Natural encroachment of salt water into the aquifer
from higher or lower formations should be considered. Fortunately the wedge
is confined to the bay shore margin and southern part of Somerset County, and
most of the well waters are still suitable for many purposes.

So long as the fresh water potential from the inland area remains high and
the pumping rates from the aquifer do not become excessive, the encroachment
of brackish water is remote. If the pumping rate from the Manokin aquifer
increases, it may be necessary to establish observation wells for periodic water
sampling to determine the possibility of encroachment and to distribute the
wells and adjust the rates of pumping so that the optimum yield of good water
can be maintained.

The general quality of water from the Manokin aquifer is suitable for many
purposes (fig. 38). The average iron content is 2 ppm and the average bicar-
bonate is 225 ppm, both somewhat high but both amenable to treatment. The
average chloride is 173 ppm, but many of the waters in the central and northern
part of the aquifer have low chlorides. The same comment applies for the
average hardness (108 ppm) and the average dissolved solids (976 ppm), which
are weighted by the high values in the areas of brackish water.

The water from the Manokin aquifer has the largest range in pH of any of
the aquifers tested, from an acidic type at 3.3 to an alkaline type at 8.3, with a
slightly alkaline average of 7.3. This range is probably due to the variety of
conditions of intake, confinement, and intrusion to which the waters are sub-
ject: intake beneath fresh-water swamps and forested slopes through the
Pleistocene and Pliocene(?) mantle; confinement between shell beds of the St.
Marys formation and the lower aquiclude; and intrusion of brackish water from
the bay.

The Manokin aquifer is absent in the Sharptown area. The thickness ranges
from a featheredge at Mardela Springs to an estimated 270 feet at Ocean City.
Too few wells penetrate the lower part of the aquifer to draw an isopach map.
There are indications that the lower part of the Yorktown and Cohansey
unit(?) is a clay in the eastern half of the tri-county area, but too few samples
have been collected to confirm the lithology and too little paleontology has been
done to determine whether the clay is a basal part of the Yorktown and Co-
hansey unit(?) or the upper part of the St. Marys formation.

In test hole Som-Be 50 the aquifer is logged as 86 feet of medium to fine
sand with shell fragments, occurring between 155 and 241 feet below land sur-
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face. The aquifer is 103 feet thick in Wi-Cf 61, about 3 miles east of Salisbury
(hg. 13).

The Manokin aquifer is underlain by the St. Marys formation in the north-
western half of the area, and possibly, as suggested above, has a basal clay
of the Yorktown and Cohansey formations(?) in the southeastern half of the
area. The St. Marys formation is a confining aquiclude which protects the
Manokin aquifer from contamination by the brackish waters of the Choptank
formation below.

Lower aquiclude. Between the Manokin and Pocomoke aquifers is a zone of
lenticular silts and clays, with some fine sands, which yields water to wells with
difficulty, or not at all, and functions principally as a confining bed. Well drillers
refer to it chiefly as “blue clay” with “black sand.” The zone contains some
shell fragments.

The thickness of the aquiclude is 99 feet, computed from an average of 47
well logs in southern Somerset County which range from 71 feet in Som-Ed 14
to 142 feet in Som-Ec 24. The lower aquiclude is absent in northwestern
Wicomico County, but is logged in 70 wells in the remainder of that county,
in 139 wells in Somerset County, and 7 wells in Worcester County. The lower
aquiclude probably underlies Worcester County extensively, but not enough
wells penetrate to it to provide much information.

The beveled edge of the aquiclude is buried beneath a thin Pleistocene and
Pliocene(?) cover in Somerset County and a thick cover in central Wicomico
County. This beveled edge strikes northeasterly from Smith Island through
Deal Island, Rumbley, Revels, Monie, and Victor Necks, Princess Anne,
Fruitland, Salisbury, Parsonsburg, Pittsville, and Melson. Structurally, the
lower aquiclude conforms to the Manokin and Pocomoke aquifers.

The lower aquiclude does contain stringer sands which yield water to some
small-capacity domestic wells. A total of 69 wells, or 4 percent of the scheduled
wells, are so classified.

An area in which the lower aquiclude contains sands sufficiently permeable
to develop domestic wells lies northeast of Crisfield, in the vicinity of Hopewell,
Ward, and Marion (Som-Dd 2, 3, 8, 10, 25, 26, 29 -45). Here the drillers log
blue clay and gray and black sand alternating in beds 8 to 25 feet thick. The
wells may be developed in any one of several sands, which range from 120 to 170
feet below sea level. Another area is in the vicinity of Salisbury, where several
wells along the banks of the Wicomico River near tide level yield small flows
from a sand in the lower aquiclude (Wi-Ce 10, 14, and 76-80). The more per-
meable zones in the lower aquiclude may permit the passage of water by slow
percolation to or from the underlying Manokin aquifer into or out of the over-
lying Pocomoke aquifer, or, where the Pocomoke is absent, into the Pleistocene
and Pliocene(?) mantle. Accurate delineation of these zones will require careful
sampling from future drill holes.

The waters derived from sands in the lower aquiclude are suitable for domestic

R
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purposes, but on the average (based on 2 to 6 analyses) they are moderately
high in bicarbonate (248 ppm), slightly hard (127 ppm), and sufficiently high
in chloride (105 ppm) to suggest that there has been some salt-water contamina-
tion. However, because the aquiclude is marine, the sands may never have been
thoroughly flushed out. The high chloride is found in wells in Somerset County
near the sub-bay outcrop. Iron is low in Somerset County (0.1 to 0.4 ppm) but
high in Wicomico County (0.2 to 9.8 ppm). Dissolved solids, averaging 614
ppm, are low in Wicomico County and high in Somerset County. The pH ranges
from 6.3 to 7.9, and averages 7.0 in 6 analyses.

Pocomoke aguifer. An extensive water-bearing sand underlying the central
and eastern parts of the tri-county area (fig. 21) is named the Pocomoke
aquifer because numerous wells in the Pocomoke drainage basin derive water
from it. The aquifer is typically developed in Wor-Fb 2, an observation well
of Pocomoke City from which samples were collected. In this well the aquifer
has been logged as 45 feet thick, occurring from 80 to 125 feet below land sur-
face.

Lithologically, the Pocomoke aquifer consists predominantly of gray medium-
to fine-grained sand. In places it has stringers of coarse sand and small gravel
and thin lenses of brown or blue clay.

The top of the Pocomoke aquifer lies about at sea level along a diagonal
line from the mouth of the Big Annemessex River in Somerset County through
Pittsville in Wicomico County. The top dips southeast at a rate of about 8
feet to the mile (fig. 21). It was encountered almost 200 feet below land surface
in wells on Assateague Island. A Pleistocene and Pliocene(?) channel, extending
to depths of 50 to 150 feet below sea level, has apparently removed the Poco-
moke sand in northeastern Wicomico County except for scattered areas where
it is logged in a few wells.

The intake belt of the aquifer is 1.5 to 4 miles wide and strikes northeasterly
from the Crisfield area, through Marion, Westover, Nassawango forest, and
Willards, to the southeastern corner of Delaware, probably passing beneath the
Atlantic Ocean in the vicinity of Indian River. The intake belt isburied beneath
the Pleistocene and Pliocene(?) mantle, receiving recharge from it.

The waters are confined southeasterly from the intake belt, and provide
artesian water to 84 wells, or 5 percent of the wells scheduled in the tri-county
area (38 wells in Somerset County, 8 wells in Wicomico County, and 38 wells
in Worcester County). The Pocomoke aquifer is the principal source of water
for Pocomoke City and Newark, and one of the major sources for Ocean City.

The thickness of the Pocomoke aquifer where it is confined is about 45 feet,
with a range from 12 feet in Som-Dd 26 to 88 feet in Wor-I'b 11. The thickness
is difficult to average areally, because many wells which penetrate to the aquifer
do not go through it. In all, 147 scheduled wells provide control on the structure,
and, In part, on the thickness and lithology of the Pocomoke aquifer (108 in
Somerset County, 32 in Worcester County, and 7 in Wicomico County).
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Fifteen water analyses show an average of 4.5 ppm of iron in water from the
Pocomoke aquifer, making it the most “irony’” aquifer in the tri-county area.
The waters average low in bicarbonate (130 ppm), low in chloride (19 ppm),
moderately hard (105 ppm), and relatively low in dissolved solids (187 ppm).
The average pH is exactly 7.0, a neutral water. There is little or no evidence of
salt-water contamination in this aquifer.

Upper aguiclude. Confining the Pocomoke aquifer in the southeastern half
of the tri-county area is an overlying sheaf of lenticular silts, clays, and fine
sands, designated the upper aquiclude. Drillers log most of the upper aquiclude
as “blue clay,” but samples indicate that it is predominantly greenish-gray silt
with a few beds of medium- to fine-grained sand.

The aquiclude is overlain by the Pleistocene and Pliocene(?) buff sands and
red, gravelly sands, which lie on an erosional unconformity, the surface of which
is illustrated in figure 18. The upper aquiclude underlies all the arca southeast
of the intake belt of the Pocomoke aquifer, or almost all of Worcester County
but only the southeastern corners of Somerset and Wicomico Counties.

The thickness of the upper aquiclude ranges from a foot or less along the edge
of the intake belt of the Pocomoke aquifer to about 100 feet beneath Assateague
Island.

Although the aquiclude is generally nonproductive, 5 wells are known to pro-
duce water from it in Worcester County. Well Wor-Ce 16 was reported to yield
15 gpm when pumped for a school at Newark, and 4 wells on Assateague Island,
Wor-Dg 4 and 5, and Wor-Ef 1 and 3, were reported by the driller to yield 20
to 30 gpm. These 5 wells may draw from a single aquifer of small extent, but
there is not enough control to define it.

Analyses of water from 4 of these wells are given in Table 37. They range
within broad limits: iron, from 0.08 to 7.2 ppm; chloride, from 18 to 448 ppm;
hardness, from 51 to 228 ppm; bicarbonate, from 290 to 440 ppm; dissolved
solids, up to 491 ppm; and pH, from 6.5 to 8.1. The variation suggests that the
sands may not be interconnected.

Pliocene Series

The aquifer of highest permeability, and locally, of highest transmissibility
and yield, in Somerset, Wicomico, and Worcester Counties is a red gravelly
sand which is correlated tentatively with the Pliocene series. This sand is
found in relatively shallow wells, at the base of the tan and buff sands and silts
of the Pleistocene series, and immediately above the gray sands and silts (“blue
clay”) of the Miocene series. The contact with the underlying Miocene is sharp,
and easy to identify in well samples. The contact with the overlying Pleistocene
series is unconformable, but is usually more difficult to recognize, and frequently
overlooked in the driller’s description. In many places it is so gradational in
color and texture that the two series must be grouped together as the Pleisto-
cene and Pliocene(?) series.
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The red gravelly sand was deposited upon the eroded surface of the Miocene,
probably as a fluviatile fill. Figure 18 shows the erosion surface on top of the
Miocene, that is the pre-Pliocene(?) topography with, perhaps, some superim-
posed drainage channels of subsequent time. [“igure 22, representing the topog-
raphy in early Pleistocene time, indicates that the erosion surface on top of the
red gravelly sand sloped to the northeast, in somewhat similar configuration to
the erosion surface on the Miocene series.

The isopach map, figure 23, derived from the two erosion surface maps (figs.
18 and 22), shows that the red gravelly sand is widespread but thin in much of
the area and absent in a few localities. It attains greatest thickness in north-
central and eastern Wicomico County, where the maximum was recorded in
samples from test hole Wi-Be 20, at Spring Hill, in which 69 feet of brown
gravelly sand was logged to the bottom of the hole. The average thickness over
the entire three-county area, however, probably does not exceed 10 feet. The
geologic relations are shown in Plate 3.

The largest-capacity wells in the tri-county area, those of the City of Salis-
bury (Wi-Ce 1 to 13), are developed in the red gravelly sand. These wells,
which are 43 to 65 feet deep and 12 to 24 inches in diameter, have recorded yields
of 600 to 1,050 gpm. That these high yields can be sustained is partly due to
recharge from the nearby park ponds, but the aquifer tests show a coefficient
of transmissibility of about 100,000 gpd/ft. in the Salisbury area. Since the sat-
urated thickness is about 60 feet, the field coefficient of permeability is about
1,600 gallons per day per square foot.

Water in the red gravelly sand occurs under water-table conditions beneath
most of the area. The overlying Pleistocene sands function as a single aquifer
with the red gravelly sand in yielding water to wells. Forty-four percent of the

wells scheduled in Wicomico County derive water from the Pleistocene and
Pliocene(?) series functioning together, and 1 percent derive water from the
Pliocene(?) alone (39 percent derive water from the Pleistocene series alone
and 16 percent go to formations deeper than the Pliocene). In Worcester
County the record of the red gravelly sand is meager, owing to the fact that few
wells are drilled to it. In this county, the overlying Pleistocene formations
yield adequate quantities of water for most purposes (86 percent of the sched-
uled wells). The red gravelly sand was recognized in only 6 well logs (Wor-Af 5,
-Bf 28, -Bh 23, 24, 25, and -Ce 16) in the northern part of the county, and in
these it was found at the base of the buried valley troughs shown in figure 18.
In Somerset County only 21 percent of the wells, mostly in the northeastern
part of the county, derive water from the Pleistocene and Pliocene(?) series.

Beneath the Parsonsburg ridge, in central Wicomico County, and beneath
Fenwick Island on the northeastern margin of Worcester County, the red
gravelly sand may yield water under artesian conditions. The Parsonsburg
ridge is underlain by the Walston silt of Pleistocene age which acts as a con-
fining member for water in the Beaverdam sand, also Pleistocene in age, and
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possibly in the underlying red gravelly sand. Over an area of about 12 square
miles on this ridge, wells in the Beaverdam sand yield water under artesian pres-
sure, although none of the wells flow. The red gravelly sand has not been defi-
nitely recognized in wells beneath this ridge, but it is probably present, at least
in part, and would yield artesian water with the confined Pleistocene sand. In
the Ocean City area, wells in the red gravelly sand derive water beneath con-
fining beds of silt and blue clay under artesian pressure, and some of the wells
flow at high tide.

Drillers of small-capacity wells frequently choose to set their screens in the
red gravelly sand, even though it may be only 5 feet thick, because it is easier
to develop a well in it than in the overlying Pleistocene deposits. This choice
is probably governed by grain size: the sands of the Pleistocene series are
predominantly medium- to fine-grained, whereas the red gravelly sand is
medium- to coarse-grained.

The gravel of the red gravelly sand is generally small (in the pea- to walnut-
size range) and disseminated. Though comprising usually less than 5 percent of
the deposit, the gravel is so persistent, having been found in all the samples of
the red sand, that the adjective “gravelly” is appropriate.

In color, the red gravelly sand is frequently described as brown or orange.
The red coloration is due to the iron oxide, hematite, whereas the brown and
orange colors are due to the hydrous iron oxide, limonite. The iron oxides sel-
dom comprise more than 2 percent of the formation, yet their colors predomi-
nate over the colorless, drab, and white shades of the quartz pebbles and quartz
sand. The iron oxides act as a loose binder or cement, holding the grains to-
gether. The red gravelly sand is best described as “slightly cemented”, in
contrast to the Pleistocene deposits which are unconsolidated. Well drillers re-
port an occasional hard ledge in the formation. The sparse iron ore deposits
of Wicomico and Worcester Counties may have been formed from bog iron
derived from outcrops of the red gravelly sand.

Because the red gravelly sand is colored by iron oxides, it would be a natural
supposition that the formation yields “irony” water. This is true only in part.
Figure 38 shows that the average iron content of water from Pleistocene and
Pliocene(?) aquifers is 2.3 ppm. Yet, the Salisbury city wells, which are de-
veloped in the red gravelly sand, show a range from 0.0 ppm (Wi-Ce 14) to 1.0
ppm (Wi-Ce 2) of iron. One well driller reports that he gets less “irony” water
from the red gravelly sand than he does from the overlying light-colored sands.

The waters from the red gravelly sand have the lowest average pH of any
formations in the area. The pH ranges from 5.6 to 7.2, and averages 6.3. These
waters may be slightly corrosive. In all other major constituents—bicarbonate,
chloride, hardness, and dissolved solids—the waters from the red gravelly sands
average the lowest of any formation in this area (fig. 38).

A few of the well logs record a thin bed of tough clay at the top of, or within,
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the red gravelly sand. The samples of this material, obtained from a few wells
and test holes, indicate that it is a purplish-gray silt.

QUATERNARY SYSTEM

The Quaternary system is composed almost entirely of unconsolidated de-
posits which form a relatively thin sedimentary mantle over most of the tri-
county area.

The Pleistocene series was deposited during the epoch of widespread glacia-
tion, but the sediments were not derived directly from the continental ice mass,
which lay about 150 miles north of this area. They were outwash carried down
to the sea by huge rivers of melt water and shifted by shore currents to the site
of deposition. Four times the continental ice mass advanced, and four times the
active front of the ice melted back. During the interglacial times the sea level
rose, and terrace deposits accumulated through the work of the waves and the
discharge of rivers. The Pleistocene sediments are chiefly fluviatile, estuarine,
and lagoonal swamp deposits, and only in a small part marine shoreline deposits.
The uppermost few feet of the detritus, particularly the gravelly sand with large
boulders, 1s believed to have come from icebergs.

The deposits of the Recent series, which were laid down after the conti-
nental glacier withdrew from North America, are insignificant, and are fre-
quently indistinguishable from the Pleistocene series. In this area they are
confined to the soils, 1 to 3 feet thick; the accumulations of bog peat, 1 to 12
feet thick; and the coastal dunes, 5 to 23 feet thick, along the barrier islands.

Pleistocene Series

The Pleistocene series comprises the yellow, buff, and tan deposits of sand,
silt, and clay below the soil zone to the top of the red gravelly sand of the Plio-
cene(?) series, or, where the latter is absent, to the top of the gray sand and blue
clay of the Miocene series. The Pleistocene deposits are predominantly medium-
to fine-grained sand, with prominent admixtures of coarse sand in some
strata and silt in others, containing scattered pebbles. There are a few pits or
“pockets” of sandy gravel, usually composed of small pebbles and grit, but with
a few cobbles and, rarely, a few boulders. Lenses of silt are prominent in a few
beds, with clay present as a minor admixture, providing sufficient binder in
two localities, Salisbury and Powellville, to be used for common brick. No fossils
have been positively identified with the Pleistocene deposits in Somerset,
Wicomico, and Worcester Counties.

The Pleistocene deposits yield water to more wells in Somerset, Wicomico,
and Worcester Counties than any other series of sands. Most of these wells
are domestic dug and drive-point wells of small capacity. A total of 71.5 percent
of the 1,668 wells scheduled derive water from the Pleistocene deposits alone or
from the Pleistocene and Pliocene(?) deposits functioning together. These
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wells account for 38 percent of the total in Somerset County, 83 percent in
Wicomico County, and 85 percent in Worcester County. The actual proportion
may be over 95 percent, because the well canvass was directed toward obtaining
only a representative sampling of the dug and driven wells, which are chiefly
in Pleistocene sands, whereas an effort was made to obtain records of all the
jetted and drilled wells, which are usually developed in deeper formations.

Twenty-six wells of large yield (over 5,000 gpd) have been developed in the
Pleistocene formations in Worcester County, and 35 wells of large yield have
been developed in the combined Pleistocene and Pliocene (?) formations in
Somerset and Wicomico Counties. Cities and towns with wells of large yield in
the Pleistocene and Pliocene (?) formations are Princess Anne (Som-Be 2, 49),
Sharptown (Wi-Ad 2, 10, and 11), Hebron (Wi-Bd 2), Salisbury (Wi-Ce 6, 99,
100, -Cf 64, 63, 66), and Berlin (Wor-Cf 1, 2, and 3). Four irrigation wells de-
rive large yields from these formations (Wi-Ce 25, 26, 69, and Wi-Dd 15).
Three canning companies at Snow Hill (Wor-Dd 16, 17, 23), ice companies at
Berlin, Ocean City and Salisbury (Wor-Cf 23, 24, 25, 26; Wor-Cg 7 and 20;
Wi-Ce 29, 30, 31), poultry hatcheries, packing companies, feed and by-product
companies (Wor-Af 4, -Bf 1, 2, 3, 11; Wi-Ce 32, 102, 103, -Dg 11, 12),
frozen food companies (Wi-Ce 61, 68, 98, -De 3, 4) and dairies (Wi-Cf 62, 63)
have large yielding wells in these formations. Three springs in Somerset County
(Som-Bd 31, Ce 20, 40) yield flows of a few gallons a minute from the Pleisto-
cene formations.

The yield of these wells is large in the sense of total pumpage, either at high
rates, or at comparatively low rates for long periods. The actual reported and
measured rates of pumping of wells of medium and large yield are given in Table
15 for the Pleistocene formations in Worcester County, and in Table 16 for the
combined Pleistocene and Pliocene (?) formations in Somerset and Wicomico
Counties. The rates range from 10 gpm to over 1,000 gpm, a variation which is
dependent upon the design of the well (diameter, screen, etc.), the pumping
equipment, and upon the formations themselves.

A better mode of comparing the capacities of wells is the specific capacity,
or yield in gallons per minute per foot of drawdown, which is a function of the
permeability of the formation and the well development. The specific capacities,
also given in Table 15 and 16, show a range from 0.9 to 18.5 and average 5.8
gpm/ft. for wells in the Pleistocene formations alone, and a range from 2.5 to
20.0 and average 13.0 gpm/ft. for wells in both the Pleistocene and Pliocene (?)
series.

The Pleistocene deposits yield water under water-table conditions throughout
almost the entire area. Only in two areas, the Parsonsburg ridge in Wicomico
County and the coastal margin near Ocean City in Worcester County, is water
obtained from lower sands of the Pleistocene series beneath confining members
of silt and clay.
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TABLE 15
Pumping Rates and Specific Capacities of Wells in the Pleistocene Formalions in Worcester
County
Well I()f?c]tl)l Igiiiglcet:)r (I;;:;) i S])C?Lﬁf;?gzi;cily Lcn;z}]l;:)f test
Wor-Bf 2....... 110 8 200 4.7 ' 2
SEmBne 105 6 180 9.0 10
8....... 105 4 5.7 4
10....... 110 | 4 20 1.6 10
28. ... 117 6 140 5.2 12
Bg14....... 102 6 60 6.0
Bhi1o....... 98 %) 30 2485 1
14....... 104 3 30 2.3 2
19....... 80 3 40 1.9 0
20 ... 82 3 20 0.9 |
CiNrm. 101 18 500 11.6 12
2 xxx 105 10 700 18.9
&) 107 12 692 to 1,015 | 12.5t0 18.5
21....... 98 6 336
Cg 9....... 70 4 105 7.0 6
20....... 81 3 75 3.0 8
Dc16....... 115 2 14 1.8 7
Dd23....... 80 6 50 10 2
Ed 7....... 100 4 10 "3 2
10....... 112 2 10 2.0 12
Average....... . 929 6 178 5.8 6

Although the Pleistocene series forms a single continuous aquifer, the re-
charge and discharge of ground water occurs in separate drainage basins. The
behavior of the ground-water in a typical basin, the Beaverdam Creek basin, is
described in detail on pages 123 to 128. Lvery creek or channel which dis-
charges into a tidal stream is the drain of a separate basin. There are thus 278
separate drainage basins in Wicomico, Somerset, and Worcester Counties
bounded by the topographic divides between them. In the ground-water reser-
voir beneath each surface-water drainage area, there is the lateral percolation
of water from high points of the water table near the divides to final discharge
in the creek or marginal marsh. The ground-water divides are assumed to coin-
cide with the topographic divides, unless well logs indicate that impermeable
barriers to flow exist. Under the present regimen of ground-water infiltration,
runoff, and evapotranspiration, each basin functions as a semi-independent hy-
drologic unit.

The average area of each of these surface and water-table basins is 4.3 square
miles. Where the basins overlie permeable deposits of the Miocene, there is
probably some leakage out of the basin into the Miocene artesian reservoirs,
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TABLE 16
Pumping Rales and Specific Capacilies of Wells in the Pleistocene and Pliocene(?) Formations
in Somerset and Wicomico Counties

Depth I Diameter Rate Specific capacity| Length of test
(feet) (inches) (gpm) (gpm/lpt) (hrs.)

Som-Be 2. 83
Ee 92

CF '3L...
4.
o4
65 !
66. . o
70
15 55 50
7 62 |
31 62 200
13 72 15
Dg 1. 82 100

Average. . .. 3o 76 | 241

which may discharge farther down dip from beneath an overlying confining bed
of Miocene silt or clay.

The thickness of the Pleistocene series is shown in figure 24. The contours
represent only average thickness, because the base of the Pleistocene is a dis-
sected erosion surface with a total relief of 130 feet, and the upper surface, the
present topography, is a slightly dissected plain, with a total relief of 85 feet.
1n small areas of close control, such as the Crisfield, Princess Anne, Pocomoke
City, Snow Hill, Berlin, Ocean City, and Salisbury areas, nearby wells may show
a range of 30 feet in the thickness of the Pleistocene. The greatest thickness
was logged in Wi-Cg 44, in which 139 feet of Pleistocene series is indicated. The
average thickness throughout the area is estimated at 50 feet.
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The structure of the Pleistocene series is not definitely known because of the
channel-fill type of deposition. The general slope, or dip, of the Pleistocene
deposits appears to be to the northeast and east, in agreement with the rate of
thickening in those directions. The underground channel-filling structure of the
Pleistocene deposits may have ultimate control of the movement and discharge
of ground water to wells, when pumping rates have increased to the point where
natural ground-water overflow has been largely eliminated and most of the
ground water is diverted to discharging wells. These Pleistocene and Pliocene(?)
channel deposits are major reservoirs for both present and future shallow
ground-water development.

The subdivision of the Pleistocene series is described in Table 17, and its
relation to the underlying Pliocene(?) red gravelly sand is illustrated schemati-
cally in Plate 5.

Beaverdam sand. Test drilling and test augering in Somerset, Wicomico, and
Worcester Counties revealed a sand sufficiently distinctive in lithology and
established in stratigraphic position to be correlated from well to well. This
sand is here named the Beaverdam sand.

The Beaverdam sand is composed of unconsolidated, white to buff, medium-
grained, quartz sand, with small quantities of coarse and fine sand, pebbles and
granules, and a minor admixture of white silt. Tt is named for Beaverdam
Creek, the east branch of the Wicomico River, because of its prominent occur-
rence in and beneath the drainage basin of that stream.

The Beaverdam sand crops out in the banks and road cuts surrounding Schu-
maker Pond, but exposures are poor because the material is incoherent. There-
fore, the reference locality is chosen as a test hole, Wi-Cf 63, 2 miles east of Salis-
bury (see log). The unit is logged from 10 feet below land surface to a depth of
82 feet, spanning a range in altitude from +-28 to —44 feet, sea level datum.
The Beaverdam sand has filled channels in the underlying red gravelly sand of
Pliocene(?) age. It is overlain by 10 feet of the Walston silt in this well. Bore
holes in the area indicate that the Walston silt lies unconformably on the
Beaverdam sand, in broad filled valleys.

Samples from test holes in Wicomico County indicate that the Beaverdam
sand is fairly homogeneous in composition, texture, and color. A sieve analysis
of a sample from 61 to 72 feet below land surface in Wi-Cf 03, which appeared
representative of the entire formation there, gave the following classification:

Granules and small pebbles. .. ............. ... 20 percent
Very coarse Sand. . .. ... ... S
Coarse sand. .. .. ... 10
Mediumsand. . ... . 26
Finesand. .. .. ... 24
Very fine sand. ... ... o 7
M. & 000 nb0000a00aaaccs oM anocoodaonanaon0a00000000000050060a 8

100 percent
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The top of the Beaverdam sand ranges in altitude from 48 feet below sea
level to 36 feet above. In Worcester County it appears to extend more than 100
feet below sea level. The maximum logged thickness is 72 feet, but it probably
exceeds 90 feet in thickness, particularly in northeastern Worcester County.

The Beaverdam sand is an extensive aquifer, receiving and discharging water
under water-table conditions in most of the area. Artesian conditions are found
only in an area of a few square miles beneath the Parsonsburg ridge, where the
Beaverdam sand is confined by beds of the Walston silt, and along a narrow
coastal margin near Ocean City where the Beaverdam sand is confined by the
Pamlico formation. Most of the large-capacity wells derive their water from the
Beaverdam sand in conjunction with the underlying red gravelly sand.

Structurally, the Beaverdam sand appears to dip east at rates of 1 to 3 feet
to the mile, probably along the initial sedimentary slope.

The Beaverdam sand is in some places overlain by the Walston silt, in others
by the Pamlico formation, the Parsonsburg sand, or Recent deposits. It is
distinguishable from the Walston silt chiefly on the basis of texture: the Beaver-
dam sand has very little silt or clay, and little fine sand. The fine sands of the
Walston silt are also white and buff in color, but the silts and clays are buff and
dark gray. Much of the Walston silt is tough, whereas the Beaverdam sand is
incoherent and drills freely.

The Beaverdam sand is almost indistinguishable from the sandy phases of
the Pamlico formation, but the Pamlico contains much light-gray silt, and is
usually darker brown or gray in color. The Beaverdam sand in places is in-
distinguishable from the Parsonsburg sand, but the Parsonsburg usually has
more gravel and boulders, and is brown in color. The Beaverdam sand is distin-
guished from the Recent material by the lack of organic matter.

Walston sili. The Walston silt, here named from Walston Branch, is a len-
ticular unit of sand, silty sand, sandy silt, silt, clayey silt, silty clay, and clay,
with organic material, overlying unconformably the Beaverdam sand, and,
underlying, unconformably, the PParsonsburg sand.

The formation crops out in the banks of Walston Branch, a tributary to
Beaverdam Creek, the east branch of the Wicomico River. The exposures are
poor, because the slopes are rapidly rounded by weathering, and nowhere is a
complete section exposed.

The reference locality is chosen as a test hole, Wi-Cg 40, 2 miles north of
Parsonsburg, from which closely spaced samples are available. In this well the
Walston silt is logged as 57 feet thick, between 10 and 67 feet above sea level.
It is overlain by 12 feet of the Parsonsburg sand and underlain by the Beaver-
dam sand. Another test hole which gives a detailed section of the sand is Wi-Cg
38 at Parsonsburg, in which 43 feet are logged. In the environs of Walston
Branch, the silt ranges in thickness from 4 to 30 feet, as determined from
boreholes. It occurs at a general elevation of 40 feet above sea level.
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The Walston silt contains layers of dark organic clay and peat, in the area
of the Parsonsburg divide. Clark, Mathews, and Berry (1918 p. 320) report
that wells drilled to depths of between 30 and 40 feet (and therefore into the
Walston silt) in the Parsonsburg-Pittsville area encountered marsh gas (meth-
ane) which was used to illuminate homes.

The Walston silt functions primarily as an aquiclude, although small quanti-
ties of water have been developed from domestic wells driven to sand layers
in it.

Talbol and Pamlico formalions. A terrace scarp, 10 to 20 feet in relief, and
with a base at about 42 feet elevation, was cut by the waves of the sea along
the east edge of Wicomico County (facing the present ’ocomoke River valley),
and in the Nassawango and PPocomoke forest area of western Worcester County.
The waves of the primeval Chesapeake Bay cut a scarp in the northeastern
corner of Somerset County and in central Wicomico County. This scarp repre-
sents a shoreline which is marked by other lineal features: low bars, dunes,
back-bay swales, and organic soils. These terrace deposits were named the
Talbot formation by Shattuck (1901, p. 73-73).

The Talbot formation is developed as a broad margin of material 7 to 14
miles wide, extending inland from the Nanticoke estuary in Wicomico County,
the necks of Somerset County, and the barrier islands of Worcester County.
The deposits have not been adequately differentiated from the Beaverdam
sand, and it is probable that the Talbot deposits are sandy.

Eventually, the sea level receded 17 feet to a general altitude of 25 feet above
the present level. The terrace formed at this level has been named the Pamlico
terrace, and the associated deposits have heen called the Pamlico formation
(Stephenson, 1912). Breitenbach and Carter (1932) traced the 23-foot terrace
in Maryland and indicated 10 sites in Worcester County where it is developed.

The broad divide in Worcester County that extends from Stockton through
Berlin to Selbyville, Delaware, which was a submerged bar in the Talbot sea,
probably emerged as a barrier island in the Pamlico sea. The Pocomoke valley
was a back bay, comparable to Chincoteague and Sinepuxent Bays today.

The Pamlico formation is developed as a considerably narrower margin of
material, 5 to 10 miles wide, extending inland from the Nanticoke estuary in
Wicomico County, the necks of Somerset County, and the barrier islands of
Worcester County. An effort has been made to identify the deposits of the
Pamlico formation in those wells for which detailed and reliable samples are
available (logs of Wi-Db 24, -Dc 19). The Pamlico formation is a gray, sandy,
clayey silt, with lenses of fine to medium-grained sand and some gravel, oc-
curring above the Beaverdam sand in several places, above the Pliocene(?) red,
gravelly sand in other places, and overlying the gray sands and blue clays of
the Miocene epoch in still other places. The stratigraphic relations are illus-
trated in Plate 5. It is probable that the silts of the Pamlico have been mis-
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takenly assigned to the Miocene series in some areas, particularly in western
Somerset County.

The Pamlico formation provides small quantities of fresh water to dug and
drive-point wells where the altitude is above the salt marsh. Much of the
Pamlico formation underlies salt marsh in Wicomico County along the tidal
rivers and in Somerset County in the necks. Here it has been invaded by
brackish waters.

Along the Atlantic shore, the Pamlico formation functions as an aquiclude,
confining waters of the Beaverdam sand and the red gravelly sand. The forma-
tion there contains shells;, probably reworked material, since Choptank and
Calvert forms have been identified (Table 12 of paleontology, Wor-Dg 1).

Parsonsburg sand. The Parsonsburg sand is the name given here to the veneer
of sand and associated deposits which compose the rims and, in places, the
interior of the “Maryland basins.” The formation is named for Parsonsburg, a
village 6 miles east of Salisbury, on the highest divide ridge (altitude 85 feet)
in Somerset, Wicomico, and Worcester Counties. The reference locality is test
hole Wi-Bg 11, at Melson, at the north end of the Parsonsburg ridge. In this
well, the Parsonsburg sand is 25 feet thick and overlies the Walston silt.

The Parsonsburg sand, in different places, rests unconformably on each of the
earlier Pleistocene deposits. It is overlain only by soils, alluvium, and peat of
the Recent series.

The Parsonsburg sand is composed predominantly of medium-grained sand,
but it is poorly sorted, the materials ranging from the size of small boulders
(rare), through cobbles, gravel, very coarse to very fine sand, silt, and clay.
In color it is buff, tan, orange, or brown. It is distinguishable from the Walston
silt by its sandy texture and from the Beaverdam sand by its darker color. It is
distinguishable from the Pamlico formation by its brown shades in contrast to
the gray of the Pamlico, and by its sand texture in contrast to the silt and clay
of the Pamlico. It resembles the brown or orange phases of the red gravelly
sand, but in general it is not as gravelly. Since the Pliocene(?) series is usually
buried beneath other Pleistocene deposits the two seldom are found in contact.
It is easily distinguishable from the gray sands and blue clays of the Miocene
series.

The Parsonsburg sand has been logged in about 25 wells in this area, for which
careful sampling has been done. The sand is believed present throughout most
of the tri-county area, but it is generally not differentiable in drillers’ logs.
There are many fensters, or “windows,” in the surface of the Parsonsburg sand,
in the central area of the larger “Maryland basins,” through which the older
formations, or their weathered soils, may be found. The Parsonsburg sand,
therefore, is logged as absent in some wells from which detailed samples are
available.

The Parsonsburg sand is a veneer deposit, strewn upon the older deposits at
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all ranges in altitude, from below sea level to the top of the Parsonsburg divide.
The maximum logged thickness is 26 feet (Wi-Cd 34), but the average in 23
wells is 12 feet. The thickest sections are on the rims of the “Maryland basins.”

Recent series

The Recent series of sediments in Somerset, Wicomico, and Worcester Coun-
ties consists of thin deposits of very limited water-bearing capacity. The sedi-
ments comprise the soil, the coastal dunes, marsh muck, swamp and bog peat,
alluvium, and man-made fill.

The soils have been derived from the weathering of the parent rocks, which
are the Pleistocene series of sands and silts. These sands and silts are composed
predominantly of quartz, one of the end products of weathering. The soils con-
tain a small percentage of clay, which is also an end product of weathering.
They have some organic matter, or humus, derived from the remains of plants.
In addition the soils have gained wind-blown dust, most of which probably
came from the continental interior and may consist of fragments of granite,
limestone, and other rocks which decompose to provide needed mineral plant
foods.

The soils of Somerset County are sandy loams, silty loams, and clay loams.
The soils of Wicomico and Worcester Counties are sands and sandy loams,
with less silt loam. These soils are low in lime, low in phosphate, low in potash,
and may be low in nitrogen. Some of them are irony. In the coastal marsh
areas the soils are brackish and gummy.

The consequence of the geological development of soil in this area is that it is
relatively infertile and inclined to be waterlogged in places. The soil has, in
general a high infiltration rate. When it is drained and well fertilized, it will
yield good crops.

The coastal dunes are Recent deposits of the wind which face the ocean along
Fenwick and Assateague Islands, in Worcester County. They attain a thick-
ness, and height, of 25 feet, and within each is a small lens of fresh ground
water above salt water which intrudes the beach sands. Shallow drive-point
wells, 15 to 25 feet deep, yield fresh water for summer homes from the coastal
dunes. The water is subject to pollution if the wells are too close to cesspools,
septic tanks, or other waste-disposal works.

There are a few bay shore dunes in Wicomico County, in the vicinity of
Nanticoke and along the tidal streams. These provide water to a few shallow
wells. There are also a few bay shore dunes in Somerset County.

The Recent series contains an unusual resource in the swamp and peat bogs.
They contain well-preserved whole cypress logs buried in a few feet of mud and
organic litter. The “Maryland basins” in the swampy area have been “mined”
for these old logs, which are a valuable wood.

Alluvium is a Recent deposit confined to the stream channels, frequently
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indistinguishable from the parent material. The flowing sands quickly heal
gully scars, and slope wash obliterates the furrowing of fields. Destructive ero-
sion of fields is practically unknown, since the land is flat and absorbs water
rapidly.

Man-made il is increasing in importance as a geological deposit, although in
this area it is still insignificant. Huge spoil piles, ditch channels, hydraulic fills,
and road grades, indicate that man is an active constructive and destructive
geologic agent. Because earth-moving equipment disturbs the natural sorting
and packing of water-lain and wind-blown materials, man-made fill is usually
less porous and less permeable than the original undisturbed sediment.

QuanTtity oF GROUND WATER

The quantity of ground water in the sedimentary deposits of Somerset,
Wicomico, and Worcester Counties is estimated at 600,000 billion gallons,
based on the volume of the sedimentary prism of 263,000 billion cubic feet
(surface area 44.1 billion sq. ft. x 6,000 ft. average thickness) and an estimated
average porosity of 30 percent. Much of it could never be recovered because
many of the formations are silts and clays with high specific retention. If the
specific yield averaged 5 percent, the quantity which could be recovered would
be about one-sixth of the total. To take this water from storage would require
tremendous wells capable of dewatering the formations by gravity drainage
down to depths of more than 8,000 feet. Even if these wells were possible, much
of the water is so highly mineralized that it is suitable only for limited use such
as for cooling or, if from the deeper aquifers, for heating.

Of greater importance than the quantity of water stored in the sediments is
the quantity of ground-water recharge by infiltration from rainfall and from
bodies of surface water. Water in storage may be large and recharge may be so
high that aquifers are overflowing (rejected recharge), yet if the transmissibility
is low the water may move so slowly to wells that their yields are not large.

WELL INVENTORY

The records of 1,668 wells are compiled in Tables 38, 39, and 40—456 in
Somerset County, 726 in Wicomico County, and 486 in Worcester County.
This is estimated to be roughly 10 percent of the total number of wells in the
area. Almost all the wells of large and moderate capacity and most of the drilled
and jetted wells are included in the tables. The bulk of the wells in the area for
which records are not given are small capacity driven and dug wells. The loca-
tion of the wells in the tables are shown on Plates 6, 7, and 8.

Table 18 lists the wells by type. The tabulation shows that jetted wells are
most common in Somerset County, that in the area as a whole jetting is pre-
ferred over drilling (hydraulic or cable tool), that driven wells are more common
than dug wells, and that there are few springs.
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The age distribution of existing wells by type i1s summarized in Table 19. The
table indicates increase in the proportion of jetted and drilled wells in the last
14 years. The gradual decline in the proportion of dug wells in favor of driven
wells is also manifest. The low number of dug wells recorded for the carly
periods is probably due to the abandonment and filling of the old wells.

The average depth of wells is given in Table 20. Wells in Somerset County

TABLL 18

Types of Wells in Somerset, Wicomico, and Worcester Counties
(for which records arc given in this report)

County Jetted Dug Driven | Drilled gét‘;;" Spring knon\;-n Total
Somerset ... .. X 279 ‘ 29 125 13 3 3 4 456
Wicomico. b o 125 40 446 67 26 1 21 726
Worcester . } 97 ‘ 38 313 34 4 0 0 486

Warsixe <4 bt =l S0l \ 107 | s8¢ | 114 \ 33 4 25 | 1,668

* Almost all are test holes.

TABLE 19
Age Distribution of Wells by Type in Somerset, Wicomico and Worcester Countics

Period Jetted Dug Driven | Drilled g:;éd Spring er)r\‘\-n Total J;i’;g:};‘
Unknown. .. .. .. 9 42 228 8 1 0 7 295 —
Before 1900. 1 1 16 7 6 0 4 4 38 3
1901-1910. . . . 3 5 7 3 0 0 11 29 2
1911-1920. . . .. 13 11 27 7 0 0 0 58 4
1921-1930. . . . .. 5 12 36 19 1 0 0 7311} 5
1931-1940. . .. .. 89 8 93 | 9 0 0 2 145 1
1941-1950. . . . .. 322 9 424 51 0 0 1 807 59
1951-1953. . .. .. 115 ‘ 4 62 ‘ 11 31 0 0 223 16

Total ... 501 | 107 | 884 L o114 | 33 4 25 | 1,668 100

average about twice as deep as wells in Worcester and Wicomico Counties, and
the depth of wells in Worcester County averages somewhat greater than in
Wicomico County. Drilled wells are deepest; jetted wells are fairly deep;
augered and driven wells are shallow, and dug wells are shallowest.

The average diameter of 107 dug wells is 25.5 inches, with 24 inches most
common and the range from 13 to 48 inches. Among the 884 driven wells, the
11,- and the 11y-inch diameter are most common and about equal in number.
There are a few l-inch, 134-inch and 2-inch diameter driven wells. In jetted
wells, the 2-inch and 1!y-inch diameter pipes are most common. For larger
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capacity jetted wells, 3-, 4-, 6- and 8-inch casings are employed, and rarely, 10-
and 16-inch: 114-; 134- and 314-inch sizes are also occasionally used. In drilled
wells the 6- and 8-inch casing diameters are common and about equally popular.
Very large capacity wells are 24- to 12-inch or 16- to 10-inch double-cased wells,

TABLE 20
Average Depth of Wells by Type in Somerset, Wicomico and Worcester Counties (in feet)
County Jetted Dug Driven Drilled® Augered \‘\;%iggtgeg
Somerset............... .. 162 20 25 760 74 131
Wicomico.................. 102 22 30 100 36 49
Worcester.................. 145 13 | 40 198 68 69
| S | |

Weighted Average......... 144 | 19 33 | 210 43 78

2 Deep oil tests omitted.

TABLE 21
Classification of Wells and Test Holes by Geologic Series or Formation Yielding the Waler

Series or Formation Somerset [Wicomico \\'otrec:s- Total |Percent
Pleistocene. .. ............... ... . ... .. 82| 292 | 413 787 | 47
Pleistocene and Pliocene(?)......... ... ... .... 91 [ 286 1 381 | 23
Pliocene(?) . .. ... ... .. 0 32 0 32 2
Miocene. ... 257 114 67 438 | 26
Yorktown and Cohansey formations(?) . ....... (246)| (100) | (67)
Upper aquiclude. .......................... 0 0 )
Pocomoke aquifer............... ... ... .... 47) 8) | (38)
Lower aquiclude.. . ........................ (34)| (18) 2)
Manokin aquifer................... .. ..... (165)| (74) | (22)
St. Marys formation. . .................. .. ... 1) 1) 0
Choptank formation....... ..... >0 0 TN (8) 4) 0
Calvert formation (Nanticoke aquifer)..... ... .. (2) 9) 0
Focene. ... ... .. 5 0 1 6
Piney Point formation... . .. ... .. ... ... ... (5) (1)
Paleocene. ... ... ... ... ... ... ... 6 0 0 6| +
Upper Cretaceous. ... ....... .................. 12 0 1 131
Magothy formation. ...... ... ... .. .. . .. .. (11) 0 0
Raritan formation. ... ....... . .. ... .. . . . ... 1) 0 0
Lower Cretaceous
Patuxent formation. ... .. ... ... ... .. ... 0 0 1 1 +
Basement....... ... .. ... ... L. 0 1 1 2 +
Duplication (wellin3fms.). . ........... ... .. .. -2 | —2
Unknown........... ... ... ... ..., [ 2 1 1 3|
456 | 726 | 486 | 1,668 | 99+
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and moderate to small capacity drilled wells are 4-inch, 3-inch, 214-inch, 2-inch,
113-inch, or 114-inches in diameter.

The wells are classified according to geologic formation in Table 21. Almost
three-fourths of the wells produce from the Pleistocene and Pliocene(?) forma-
tions, and about one-fourth produce from the Miocene series. All other aquifers
supply less than 2 percent of the total.

Electric pumps of the reciprocating type are most common throughout the
area, although many hand pumps of the cylinder type are still in use. A few
impeller pumps, either centrifugal or turbine, are used on large-capacity wells.
Windmills are practically unknown, and gasoline- and steam-powered pumps
are rare. Jet pumps are coming into use, mainly for domestic supplies.

GROUND-WATER RECHARGE

The ultimate “safe” yield of water from wells depends, among other things,
upon the rate of recharge of water to the ground-water reservoir, which, in
turn, depends upon the quantity of water available for recharge, upon the
infiltration rate, and upon the rate of transmittal of water through the vadose
zone to the water table. Rainfall disappears rapidly in Somerset, Wicomico,
and Worcester Counties. The land surface has only slight relief, runoff is not
excessive, and there are not many branching drainageways to take the water
away. The flow of the streams is sustained long after rain has ceased. Trees and
deep-rooted plants continue in abundant growth even during prolonged dry
spells, indicating a source of available water. The soil is a sandy loam which
retains some moisture even after forest litter has become dry as tinder. All
these signs point to large ground-water recharge.

Beaverdam Creek Basin

To determine the rate of ground-water recharge, all measurable factors of the
equation of the water cycle are measured, and the unmeasured factors are
calculated statistically. Beaverdam Creek basin, above the dam at Schumaker
Pond, was selected for such a study. This drainage basin (fig. 25) has an area
of 19.5 square miles. It is believed to be typical of much of the tri-county area.

The instrumentation for the hydrologic study of the Beaverdam Creek basin
consisted of 12 rain gages scattered throughout the basin; 25 drive observation
wells within the basin and 8 just outside it; one stream-gaging station at Schu-
maker dam; staff gages on Schumaker pond, Parker pond, and at 4 channel
points; and soil-moisture stations, each with soil-resistivity blocks buried at
depths of 4, 12, and 39 inches, and soil-temperature elements at 12 inches. The
elevations of wells were determined by third order leveling, and a topographic
map of the area was prepared with a contour interval of 3 feet.

Observations were made weekly for 2 years, from April 1, 1950, to March 31,
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Ficure 25. Map of Beaverdam Greek basin, Wicomico County, showing Locations of Rain
Gages, Stream Staff Gages, Observation Wells and Soil Moisture Stations

1952. The hydrologic equation was written:

ig to
S P =3 (R4 ET & AH-Yg £ ASM + ASW)
131 £y

where /; = beginning time of observation
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{; = ending time of observation
P = precipitation
R = runoff

ET = evapotranspiration

AIl = change in mean ground-water stage

il

Vg = gravity yield (“field” specific yield)

ASM = change in soil-moisture deficiency
ASHW = change in surface-water storage

These factors were recorded in a hydrologic budget. I, R, AIf, ASM, and ASH’
were measured. ET and T'g were unknown, but by a series of convergent ap-
proximations, based on the seasonal variation known to be characteristic of
evapotranspiration, I'g was determined to be 11 percent, and ET was then
calculated (Table 22).

A ground-water rating curve (fig. 20) was constructed by relating the average
height of the water table in wells to corresponding rates of stream discharge.
A separate ground-water equation may be written as follows:

Gr =D X all-Yg+ ETy

where Gr is ground-water recharge
D is ground-water drainage (water that leaves the area by percolating
through the ground across the boundaries of the area or into
streams)
All is change in mean ground-water stage
Vg is gravity yield
ETg is ground-water evapotranspiration

This equation was solved on the following basis. Gr (disregarding the con-
current ground-water drainage and evapotranspiration) was determined for
separate short-term rises shown on the ground-water mean stage hydrograph
by multiplying the total change in ground-water stage, I, by Yg. D was deter-
mined by utilizing the ground-water rating curve. AI/ was measured, T'g had
been determined as 11 percent in the main budget, and the product, the change
in storage, was calculated. Since all these factors were known, ETg was calcu-
lated by solving the equation. The ground-water factors are shown on a monthly
budget in Table 22, which also shows the monthly precipitation and the total
evapotranspiration from the main hudget.

Table 22 shows that the ground-water recharge is highly variable, ranging
from zero in October 1930 to 4.69 inches or 91.2 percent of the precipitation in
November 1951. The percentage of the precipitation that becomes ground-water
recharge is highest in the winter and lowest in the late summer and early
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autumn. In the 2-year period 51.5 percent of all the precipitation recharged the
ground-water reservoir. This was discharged in almost equal portions by

TABLE 22
Ground-waler Recharge Delermined from Monthly Ground-Water Budgels

Precipi- Ground- | Ground- | Ground- . R I;errézccir;’ti.of
tation water water water tation
Year and Month P recharge | drainage| storage Ground- Tota] | recharged
(inches) | .. 3T . D H-Yg water ET 5
(inches) | (inches) | (inches) (ifc{is) ety || VE2 X 100
1950
April.. ... .. ... 2.20 0.92 1.08 | —1.19 +1.03 2.07 41.8
May................. 3.73 1.98 1.02 +.40 +.56 3.26 Sk
June................. 1.26 .26 .74 | —2.38 +1.90 3.94 20.6
July.............. ... 4.84 1.45 .54 —.26 +1.17 4.49 29.9
August............... 1.77 .26 43| —1.58 | +1.41 | 4.22 14.7
September. ... ... ... 4.78 1.19 .33 +.13 +.73 3.23 24.9
October...............| 1.27 .00 34 —.92 +.58 1 1.73 .0
November. . ... ... ... 3.48 1.98 .29 1 +1.32 +.37 .49 56.9
December. . .. 3.34 | 2.84 .63 | +1.85 +.36 .18 85.2
1951
January. ... .........| 1.63 1.06 .68 +.26 +.12 .18 65.0
February..... .... .. .. 2.24 1.65 .75 +.99 —.09 .30 73.5
March................ 2.81 1.72 .92 +.33 + .47 1.03 61.3
April......... ... ... 2.69 .60 .89 —.86 +.57 2.07 2283
May................. 3.75 2.18 .78 +.59 +.81 3.26 58.1
June............ ... .. 5.46 2.90 1.05 .00 +1.85 3.94 53.1
July................. 3.46 1.91 .82 | —1.19 +2.28 4.49 5542
August............... 4.29 1.06 .59 —-.92 +1.39 4.22 24.7
September. ........... 3.51 .40 .44 | —1.06 +1.02 3.23 11.4
October. .. ........... 3.00 .92 .41 +.20 +.31 1.73 30.7
November............ 5.14 | 4.69 .88 | +3.23 +.58 .49 91.2
December............. 4.29 | 3.10 1.37 | +1.72 +.01 .18 23
1952
January.... ... ... . ... 4.85 3.23 1.83 | +1.19 +.21 .18 66.6
February....... 3.19 211 2.06 —.59 +.64 .30 66.1
March............ .. .. 5.85 4.22 2.59 +.46 +1.17 1.03 72.2
Total............... 82.83 | 42.63 | 21.46 | +1.72 | +19.45 | 50.24 51.5

ground-water drainage and ground-water evapotranspiration. There was a
small increase in ground-water storage in the 2-year period.

A study of the variations in the percentage of recharge during the 2-year
period yields interesting and significant conclusions about the ground-water
hydrology of the area. During the growing season, much of the precipitation
goes to satisfy the needs of plants for water and is returned to the atmosphere
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by transpiration. Between rainstorms the plants subsist partly on water drawn
up from the water table in low areas but largely on water stored in the root zone
of the soil. This creates a deficiency in soil moisture (severe only in long dry
periods) which is made up or partly made up by the next rain. Water moving
from the land surface toward the water table must pass through the soil, so
that the soil-moisture deficiency in the root zone has a first call upon the water
that infiltrates into the soil. In many small storms practically all the infiltra-
tion is absorbed by the soil and little, if any, water reaches the water table. The
result is that during the growing season the ground-water recharge is restricted
by the demands of vegetation.

The generally high infiltration capacity of the soils in the area is indicated
by the large percentages of the precipitation that become ground-water recharge
during the winter season when most plants are dormant. During the five months
from November to March, inclusive, of the 2-year period, the recharge ranged
from 36.9 to 91.2 percent of the precipitation and averaged 71.0 percent,
whereas during the growing season the range was from 0 to 58.1 and the average
was 30.8. Some of the basin is covered by lakes, streams, and swamps where
none of the precipitation can infiltrate because the ground is already full of
water. In a large part of the basin the ground-water gradients are low and the
water table is near the surface, so that the soil tends to become saturated after
moderate precipitation and can then absorb no more water. The high rates of
ground-water recharge which occur in the winter months in spite of these limi-
tations suggest that the infiltration capacity of the soils of the area is probably
great enough to absorb all the precipitation that reaches the land surface in
any but the most intense storms. Probably almost all the precipitation that falls
on unsaturated soil in the winter storms is absorbed by it but the ground-water

recharge is then limited to a considerable degree by the lack of storage space
between the water table and the land surface.

Approximately 40 percent of the total water returned to the atmosphere by
evapotranspiration in the 2-year period was derived from ground-water
sources. This is due Lo the large proportion of the area in which the water table
is so near the surface that plant roots can draw directly from the capillary fringe
above the water table. In some areas, no doubt, the capillary fringe reaches the
land surface so that evaporation as well as transpiration draws water directly
from the water table. If the water table in these parts of the area should be
lowered, either by pumping or by drainage, the ground-water evapotranspira-
tion would be reduced and the quantity of water available for withdrawal would
be increased.

The high rate of ground-water recharge insures a high ultimate safe yield
from Pleistocene and Pliocene(?) aquifers. The best methods of withdrawing
water from these aquifers will depend upon the characteristics of the individual
formations in the specific areas under consideration. In many places these
aquifers can yield large supplies suitable for industrial or irrigation purposes.
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GROUND-WATER STORAGE

Although the ground-water storage in this three-county area is vast, the ad-
ditional facilities for storing the abundant precipitation are small, so that
frequently the aquifers are brimfull. Even when they have a small margin of
emptiness beneath higher ground in the intake area, they overflow at lower
levels. The average thickness of the zone of aeration (vadose zone) is less than
4 feet, so that only a few inches of rainfall can be stored, on the average, before
the zone of saturation reaches the land surface almost everywhere. Rainfalls
of much lesser magnitude may saturate the soil to the surface over many square
miles. In the lowland areas the zone of saturation discharges almost continually
to the roots of plants and in seeps along the creek banks.

This small margin of additional ground-water storage accounts for the large
water loss. Some of this loss may be captured when more storage is available.
The unconfined aquifer, of the Pleistocene and Pliocene (?) series, averages
00 feet thick and has an average saturated thickness of about 36 feet. If heavy
pumping is imposed upon this aquifer, dewatering of the upper part of the zone
of saturation will occur around the pumped wells. The dewatered zone will
provide additional storage, and permit the capture of recharge which is re-
jected at present.

Water-Level Fluctualions

Changes in ground-water storage are reflected as fluctuations of the level of
the water table or the piezometric surface, which are most easily observed as
fluctuations of water levels in wells. The water levels in wells fluctuate in
response to recharge and discharge, and to changes in barometric pressure,
ground temperatures, earth loading such as that caused by tides or railroad
trains, and earth vibrations. Recharge is due to the infiltration of water through
the soil zone down to the water table. This infiltration varies with the precipita-
tion, and, inversely, with the surficial evapotranspiration. Discharge has two
components: the ground water runoff by lateral percolation to streams and the
ground-water evapotranspiration. The water-level fluctuations are modihed
further by the artifice of man: artificial discharge by pumping, creating cones
of depression; and artificial recharge by irrigation or waste-water disposal,
creating cones of elevation or water-table mounds. Fluctuations of water levels
in wells due to changes in barometric pressure and vibrations are usually of
minor importance when the aquifer is under water-table conditions.

Records of water levels have heen collected in this area since 1947. The annual
records are published in Water Supply Papers of the U. S. Geological Survey.

Figure 27 shows the fluctuation in six driven observation wells. The graphs
show no evidence of declining water levels. There is a seasonal fluctuation which
varies from well to well and in general ranges from 0.5 foot to 3.5 feet. This
seasonal fluctuation is greatest in the divide areas where there is usually room
for additional ground-water storage above the water table and least in the areas
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Ficure 27. Water Level Fluctuations in 6 Shallow Wellsin the Pleistocene Formations of Somerset, Wi-
“omico, and Worcester Counties, compared to Precipitation, Temperature and Evapotranspiration,
1949 to 1953
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close to streams where changes in ground-water levels are limited by the prox-
imity of a fairly constant discharge level. Likewise the fluctuation is greater
at higher altitudes above sea level. The water level is less sensitive in the records
where it is deeper to water.

A simple annual cycle is repeated throughout the four years of record. As
the year opens the water level is climbing to the yearly maximum, which is
reached about the end of March. By the end of April there is a slight decline
followed by a precipitous decline in May. The decline continues throughout
June, July, and August, but at gradually lessening rate, until a yearly low is
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T m iy F

b

[ ——

- ! ek

Ficure 28. Water Level Fluctuations in Well Wi-Cf 3, Salisbury Airport, in response to
Precipitation and Temperature, 1947-1953

reached by the end of September or October. A rapid rise occurs in November
and December. This rise continues but tapers off in January and February to
the end of March.

The annual cycle of water-level fluctuations follows the inverted temperature
curve, because evapotranspiration (especially transpiration) is a function of
temperature and is the major cause of the water-table fluctuation. The period
of declining water levels corresponds closely to the growing season when the
demands of plants for water prevent much of the precipitation from reaching
the water table, whereas the natural discharge of water continues. The rise in
the fall usually follows closely after the first killing frost. Precipitation is less
of a factor because it is relatively evenly distributed throughout the year.
Continued lack of moisture is reflected in sustained ground-water recession, and
unusually heavy rains cause a water-level rise, even in the middle of the summer
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recession. Although the ground-water cycle follows the temperature curve it
lags behind it by about 2.5 months. The annual temperature high is reached
in July, but the ground-water low is not reached until late September or early
October. This is due to the continued growth and enlargement of plants in
late summer, even though the days gradually become cooler and shorter. Thus,
although evaporation is on the decline, transpiration increases or continues
without much abatement until September or October.

The water-level fluctuations shown in figure 27 represent the upper portion
of the zone of saturation in the Pleistocene formations. In figure 28, the water
level fluctuations of Wi-Cf 3, a well 108 feet deep, screened in the red gravelly
sand, represent the changes in water level from the deeper portion of the zone
of saturation in the Pliocene(?) sediments. This well responds sensitively to
precipitation, as shown in figure 29. This well responds also to changes in baro-
metric pressure, and to earthquakes of large magnitude.

Figure 30 shows the response of a well to pumping in the Salisbury municipal
well field. Figure 31 shows the long-term correlation of the same well with
pumpage and precipitation. That this well does not show a downward trend is
evidence that the “safe”” yield has not been exceeded in the city well field, which
is developed chiefly in the red gravelly sand of the Pliocene(?) series and ob-
tains some recharge from the Park Ponds.

GROUND-WATER DISCHARGE
Water Utilization

The people of Somerset, Wicomico, and Worcester Counties use an estimated
12.4 million gallons of ground water a day, or about 4.5 billion gallons a year.
The use of surface water is negligible; however, the largest water plant in the
area, the waterworks of the city of Salisbury, derives a substantial part of its
ground-water recharge by infiltration from ponds on Beverdam Creek.

Table 23 summarizes the daily demand classified by ownership and by uses.
In both ownership of wells and use of water, the industrial demand outweighs
all others.

Table 24 summarizes the municipal pumpage in the three counties, and Table
25 records the monthly pumpage at Salisbury for the 6 years ending with 1953.
The pumpage cycle at Salisbury shows a summer high and a winter low, with
the July demand more than 214 times that of February.

Discharge lo Streams

The runoff that sustains the flow of streams is divided into three components:
overland flow, or water which passes, via rills and rivulets, to gullies, creeks,
and rivers and to the sea without entering the ground; interflow, or water which,
during and for a short time after a storm, enters the soil zone and forms in it
a temporary zone of saturation in which water moves laterally and emerges
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Figure 31. Water Level Fluctuations in Well Wi-Ce 13, Salisbury, in response to Precipitation
and to Pumpage in Salisbury Municipal Well Field, 1947 to 1953

TABLE 23
Utilization of Water in Somerset, Wicomico, and Worcester Counties
(gallons per day, 1950 to 1953)

Ownership Somerset Wicomico Worcester I Total

Municipal. . .............. . 522,000 | 2,656,000 | 1,411,000 | 4,589,000
Industrial. . ....................... 492,000 | 2,799,000 | 2,213,000 | 5,504,000
Rural. ... 543,000 | 939,000 | 786,000 | 2,268,000

1,557,000 | 6,394,000 | 4,410,000 | 12,361,000

Uses
Domestic—Urban. ................. 193,000 677,000 826,000 [ 1,696,000
Domestic—Farm................... 318,000 578,000 286,000 | 1,182,000
Farm—stock....................... 225,000 361,000 500,000 | 1,086,000
Industrial (city wells and company
wells). ... 641,000 | 4,448,000 | 2,608,000 = 7,787,000
Commercial. . . .................... 180,000 330,000 100,000 610,000

1,557,000 | 6,394,000 | 4,410,000 | 12,361,000
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as a wet-weather seep or spring; and base flow, or that water which reaches
the water table, and flows laterally through the zone of saturation to discharge
in a more or less permanent seepage area or spring. The stream hydrograph

TABLE 24
Municipal Pumpage in Somerset, Wicomico, and Worcesler Counties
(gallons per day, 1950 to 1953)

o - - Pumpage
Somerset Co.
Princes Anne. . . .......... ..., ... 249,000
Crisfield. . . o 273,000
Wicomico Co.
Salisbury ... 2,656,000
Worcester Co.
111,980
Snow Hill 260,000
Pocomoke City. . . 450,000
Ocean City 589,000

TABLE 25
Monthly Pumpage at Salisbury, 1948 to 1953
(thousands of gallons)

1948 1949 1950 1951 1952 1953

... . 72,656 | 53,376 | 56,470 | 55,556 | 56,802 | 58,628
7D, . 60,276 | 48,464 ‘ 50133 | s3.045 | 54,519 | 53,182
Ma. ... 58,223 | 54,305 | 55,535 | 55,035 | 59,874 | 60,453
Apr.. . s7.686 | S0.677 | S4711 | 56,676 | 63,631 | 62,157
il 59625 | 67792 | 60.827 | 72.624 | 75,159 | 81,138
June. . 63,374 90,340 83,539 86,691 | 103,055 | 104,398
b, . 81,070 | 101,355 | 84,030 | 104,899 | 131,905 | 147,692
) . 88826 | 99.965 | 116,183 | 96,440 | 108,065 | 130,046
Saph.. . 77,053 | 67.300 = 79.738 74261 | 78,160 | 104,008
Oct..... 60054 | 62734 | 66.536 | 73.245 | 66,656 | 75,443
Nov.... 55602 | 54741 | 59.310 | 62,523 58,349 | 59,036
Bl 54505 | 56,332 61,803 | 59.979 | 60,051

Total. ... .| 788,979 807,471 826,985 | 853,698 917,054 996,322

may be divided into (1) the flood peaks, due, in the main, to overland flow and
interflow, which “flash” for a short period during and after a storm, and (2)
the base-flow recession curve.

The column headed Ground-water drainage in Table 22 lists the monthly
base-flow runoff (determined by inspection of the hydrograph) in inches of
water over the drainage area of Beaverdam Creek above Schumaker Pond.
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This base flow runoff ranges from over half the precipitation (June 1950, 39
percent; Yebruary 1952, 65 percent) to a small fraction of it (September 1930,
7 percent; November 1950, 8 percent). The 2-year average of base-flow runoff
was 26 percent of the precipitation, and about 75 percent of the total runoff.
Because the Beaverdam basin has a larger relief than most drainage basins
in the area, the base-flow runoff would Le slightly smaller in the Beaverdam
basin than in the others.

Drainage of Soils

The natural drainage outlets of Somerset, Wicomico, and Worcester Counties
have such a low gradient, and develop such a dense, luxuriant growth, that in
the winter and spring of the year they do not carry off the excess precipitation.
The soil becomes saturated, and in many areas is not cultivable until well into
the growing season. Many acres have never been cultivated because of swampy
conditions. These conditions are not due to local overflow of flood waters but
to saturated soil, a condition which endures for several weeks. Drainage is, and
will remain, a factor in land utilization in Somerset, Wicomico, and Worcester
Counties.

LEvapotranspiration

Evapotranspiration is the major way in which water is discharged in Somer-
set, Wicomico, and Worcester Counties, amounting to almost 61 percent of the
precipitation in the Beaverdam basin in 1950-52 (Table 22). Because this
basin is not quite as flat as the average, it probably has a slightly lower average
evapotranspiration than the area as a whole. The ground-water reservoirs
provided almost two-fifths of this evapotranspiration. The curves of evapo-
transpiration, derived from a water budget by methods of convergent approxi-
mation, are given in figure 32.

The land surface of Somerset, Wicomico, and Worcester Counties is particu-
larly suited for the retardation of runoff and the development of optimum
conditions for evapotranspiration. The hundreds of ‘“Maryland basins” are
natural catchment and detention areas for rainfall, with consequent develop-
ment of lush vegetation.

Some of the evapotranspiration discharge is water used in the growth of
useful plants, and so represents a “loss” only in the hydrologic sense, and is of
economic benefit. However, a large part of the transpiration is due to non-
economic plant growth, and much of the evaporation occurs from marshy,
swampy soil of low economic value.

AQUIFER TESTS

The rate at which water can be taken locally from a formation—that is, the
number of wells and their yield and spacing—depends upon the formation
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characteristics: transmissibility and storage. The coefficients of transmissibility
and storage can be determined in controlled aquifer tests, by pumping a well,

Evapotranspiration , inches per month
P
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F16urE 33. Schematic Diagram of the Drawdown of a Pumped Well

or wells, and observing the fall of water levels in these and in nearby observa-
tion wells. When pumping has ceased, the rate of recovery may be observed,
to give data for a check calculation. The basic formula and a diagram of the
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cone of depression of a pumped well are illustrated in figure 33. Procedures for
analyzing aquifer test data have been summarized bv Brown (1953).

Pleistocene and Pliocene(?) Formations

The Pleistocene and Pliocene(?) formations in most of the tri-county arca
yield the largest quantity of water, to the largest number of wells, and at the
highest rates of yield. The ground water is, in general, unconfined, occurring
under water-table conditions. The formations have relatively large storage co-
efficients, ranging from 1 to 20 percent, characteristic of sands which are de-
watered in the process of pumping, and moderate to large coefficients of trans-
missibility. Specific capacities of the wells are correspondingly moderate to
large (Tables 15 and 16).

Salisbury

The yield of wells at Salisbury is the largest in the tri-county area. The large
city wells and nearby industrial wells are described in a separate section by
Meyer and Bennett who made the well-field tests and the aquifer analyses.

The geology of the Salisbury area is illustrated in Plate 9. The Pleistocene
and Pliocene(?) deposits range from 60 to 80 feet in thickness and lie on a
relatively impermeable blue clay of the Miocene series. The red gravelly sand
of the Pliocene(?) series composes the lower and major part of the aquifer, with
10 to 30 feet of Pleistocene buff sands at the top.

The city wells are developed in two lines along the sides of Lower and Upper
Park Ponds. Three large-scale well-field tests were run: in the old well field
at Lower Park Pond; along a line of test holes at Upper Park Pond, where the
new city wells have since been constructed; and on a line extending south from
Schumaker Pond.

The behavior of the wells during the tests is illustrated on Plate 10, and on
figures 34 and 35. The aquifer coefficients are summarized in Tables 26, 27,
and 28.

Although the aquifer analyses were complex and recharge boundaries were
reached within a few minutes after each test was begun, causing a slackening
in the rate of water-level decline and indicating that the ponds were providing
a substantial part of the water by infiltration through the aquifer sands, it was
concluded that the Pleistocene and Pliocene(?) aquifer has an average co-
efficient of transmissibility of 100,000 gpd per foot, and an average ultimate
coefficient of storage of 0.15. Because of the water-table conditions, the rapid
recharge, and the changes in character and permeability of the aquifer in short
distances, the assumptions of the equilibrium and nonequilibrium formulas are
not rigorously met. Nevertheless, the coefficients are considered to be of the
right order of magnitude. They indicate a water supply favorably situated and
capable of further development upstream from the present wells.

A short test was run on Wi-Ce 13, now used as an observation well. The
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well was pumped at 60 gpm for 49 minutes, and the recovery water levels were
measured. The calculated coefiicient of transmissibility was 132,000 gpd, ft.
A similar test was made on Wi-C{ 3, an observation well at the airport. The

1948

APRIL

F1cure 35. Decline and Recovery of Water Levels in an Aquifer Test at Schumaker Pond,
Salisbury

well was pumped at 76 gpm for 62 minutes, at the end of which time the draw-
down was 5.2 feet. From a plot of recovery levels, the coeflicient of trans-
missibility was calculated to be about 45,500 gpd/ft.

A test was conducted also at Shoreland Freezers, Inc., on the south edge of
Salisbury, in which Wi-Ce 61 was pumped at 254 gpm for 24 hours and 32
minutes. Well Wi-Ce 68, 60 feet away, behaved anomalously, drawing down 3
feet in the first 10 minutes and 0.3 foot in the next 24 hours. Drawdown water
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TABLE 26

SoMERSET, WicoMIco, AND WORCESTER COUNTIES
b 2

Summary of Formation Coefficients for the Aquifer Test of the Pleistocene and Pliocene(?) Series
al the Old City Well Field, Lower Park Pond, Salisbury

The pumped well was Wi-Ce 8, which averaged 850 gpm.
Graphs of pumpage from Salisbury wells Ce 6, 7, and 8, and drawdown in observation
wells during this test are illustrated in Plate 10.

Coeflicient
Observation wells! Formula? r;fxl:]: ;?;f{evjl(ﬂﬂfs Rating of curve? moifssti?irllist-y %?es?(fri:g:
(gpd/ft.)
Celto5,13...... Thiem, C-J 5,880 Poor 205,000 | 0.082
Do o do 11,640 Fair 150,000 .091
Ce 65 to 67, 16, 17,
(O do 8,760 Poor 68,000 .14
Do do 11,640 Poor 76,000 .13
CeS...o .. [ C-J, Theis-R | 7,000 to 11,000 | Fair 144,000 .093
Do............. Theis 4,920 to 14,000 | Excellent 100,000 318!
Celo............ do 480 to 1,740 | Fair 282,000 .014
Do ............ do 2,820 to 18,000 | Good 100,000 .035
Do ............ C-J, TheisR | 4,500 to 15,000 | Good 104,000 [ .027
Cel7............ do 4,500 to 10,000 | Good 106,000 .088
Do ............ Theis 4,400 to 14,000 | Good 97,000 .12
Cel3......... ... do 7,800 to 11,600 | Good 147,000 S
Do ............ C-J, Theis-R | 5,000 to 11,000 | Fair 260,000 11
GeO5............ do 500 to 1,900 ! Fair 118,000 .10
Do ......... ... do 1,000 to 13,000 | Fair 77,000 .16
Do ............ Theis 2,300 to 13,000 | Good 70,000 .20
Do ............ do 9,100 to 13,000 | Good 62,000 7
Ce66............ do 1to 330 { Verygood | 318,000 o117
Do ............ do 1,700 to 5,760 | Fair 38,000 .15
Do ............ do 7,200 to 11,400 | Fair 99,000 .087
Do C-J, Theis-R 50 to 200 | Fair 33,000 .16
Do ............ do 700 to 1,150 | Poor 86,000 .07
Do ...... do 7,000 to 11,400 | Good 78,000 .12
Ce67............ do 6 to 45 | Good 137,000 .0054
Do ............ do 2,000 to 11,000 | Good 78,000 .10
Do ............ Theis 2 to 35 | Good 104,000 .0066
Do ....... do 2,200 to 11,000 | Good 71,000 .17
Cil....... do 0to 6,500 | Good 428,000 1
Do....... do 6,500 to 9,480 | Fair 242,000 .17
Do......... C-J, Theis-R 800 to 4,500 @ Fair 585,000 .077
Do.......... do 5,500 to 9,480 = Good 311,000 .126

! See inset, Plate 7, for location of wells.
2 The formulas may be found as follows: Thiem is an equilibrium formula published by

Thiem (1906), and quoted by Wenzel (1942, p. 81). Theis is a nonequilibrium formula and
type curve published by Theis (1935). Theis-R is a recovery formula on p. 522 of Theis.
C-] is the Cooper and Jacob (1946) straight-line approximation derived {rom the Theis
formula.

3 The relative accuracy with which the plotted points fall on the type curve or form a
straight line.
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levels in a shallow, 23-foot, driven observation well 200 feet from the pumped
well gave a coefficient of transmissibility of about 110,000 gpd/ft. and a co-
efficient of storage of 0.14.

The schematic diagram for a pumped well, figure 33, is drawn with the se-
lected average figures of T and S for the Pleistocene and Pliocene(?) aquifer
at Salisbury.

TABLE 27

Summary of Formalion Coefficients for the Aquifer Test of the Pleistocene-Pliocene(?) Series,
Upper Park Pond, Salisbury

Well Wi-Cf 22 was pumped at an average rate of 58 gpm.

Test site was on a line extending south of the upstream end of Upper Pond, opposite city
well Wi-Cf 2.

Coefli- !

Observation wells! Formula? sin?em;])fulriges‘gﬂed Ra(:;ng t:;?xr:m?i- ((I)(f)esf&)cri:nt Remarks
{min.) curved | sibility 8¢
(gpd/ft.)
Cf2,23,24.....| Thiem, C-J 25 Good | 99,000{0.002 Drawdown
Do ... .. do 300 Good | 73,000| .02
Do 2000 d do 1,400 Good { 60,000/ .07 do
Do 20 a0 d do 2,600 Good | 53,000/ .11 do
G 28, 209302000 do 2,600 — | 93,000/ .03 do
Cf23.......... Theis-R, C-J 1,400 to 2,600 | Good 128,000/ .01 do
Ci24.... ... do 1,400 to 2,600 | Good 1255,000] .01 do
Cf25.......... do 300 to 2,600 | Good {191,000] .005 do
Ccf22.......... Theis-R 1to 280 | Fair | 92,0000 — Recovery
Do .......... do 280 to 1,000 | Fair |175,000] — do
cf25..... ..| Theis-R, C-J 1 to 2,000 | Good (400,000 .0004 do
Cf23.... .. ‘ do 102,000 | ? (285,000 .000004] do
Do ........ Theis 2 to 18 | Fair (183,000 .0005 | Drawdown
Do ........ | do 1to0 2,800 | Fair (234,000 .0001 do
cr24........ do 1 to 2,800 | Fair (423,000 .02 do
Cf25... ... do 1to 10 | Fair [336,000 .0005
Do .. do 100 to 2,800 | Fair 224,000 .0002

! For graphs and well locations sce figure 34.
2.3 See table 26.

Ocean Cily

At Ocean City the aquifer of Pleistocene and Pliocene(?) age is confined, and
the formation coefficients are small. They are representative of that aquifer
only beneath the barrier islands, and are not applicable on the mainland.

Figure 36 shows the relations of the three producing aquifers in the Ocean
City arca. The upper aquifer, locally known as the “90-foot” aquifer, in the
Pleistocene and Pliocene(?) series, is about 30 feet thick, and the top is en-
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countered between 40 and 60 feet below sea level. It is confined above by 20
to 40 feet of gray clay correlated with the Pamlico formation.
An aquifer test was run on this aquifer by G. E. Andreasen, who states:

Well Wor-Cg 20, owned Dy the Whaley Ice Co., was pumped at a rate of 26.8 gpm by a
small suction pump. Water-level drawdowns were observed in well Wor-Cg 7, which is 44
feet from the pumping well. Tidal influence upon the water level in the wells drilled to this
aquifer was of such magnitude as to nearly obscure the drawdown due to pumping. From the

TABLE 28

Summary of Formation Coefficienis for the Aquifer Test of the Pleislocene and Pliocene(?) Series,
Schumaker Pond, Salisbury

Pumped well Wi-Cf 28, at 99 gpm.
Test site on a line extending south of Schumaker Pond.

Time interval | Coeflicient |

Rating
of

Obsergation | pormuies | ofneepump | MO of g | Coulicdent | omark
(min.) Y (gpd/ i)

Cf 29, 30 . Thiem, C-J 25 109,000 | 0.0017 Drawdown

Do ... . \ do 300 — 93,000 | .014 do

Do . do 1,000 92,000 .058 do

Do do 1,800 — 99,000 .13 do
@f29) owid- Theis 40 to 1,800 | Poor |, 514,000 .0009 do
{30 .. do 1to 1,800 | Poor | 483,000 | .00001 do
Cf3l. .. do 1to 1,800 | Fair = 380,000  .0001 do
Gif 28] . .. Theis-R 400 to 1,385 | Fair = 164,000 — ‘ Recovery
Cf 29, 30 . . Theim 1,000 — 115,000 — 1 Drawdown
G£29,31. <u.f do Lo 150,000 - | do

! For graphs and well loeations see figure 35.
2.3 See table 20.

drawdown and recovery eurves, the coefficients of transmissibility and storage were roughly
estimated to be 2,600 gpd/ft. and 0.0027, respectively.

The aquifer would not be adequate for municipal or other large-scale de-
velopment because of the low coefficient of transmissibility. Although the co-
efficient of transmissibility has a large probable error, it should be of the right
order of magnitude. A further limit upon the safe yield of this aquifer may be
a salt-water interface which probably exists in the filled channels of Pleistocene
and Phocene(?) age beneath the ocean a few miles north of Ocean City. The
pumpage demands on the aquifer are low, and the higher heads of the fresh
water beneath the mainland are probably preventing salt-water encroachment.
The generalized geologic cross section, Plate 5, shows conditions that would
be conducive to salt-water encroachment heneath I'enwick Tsland should pump-
age from the aquifer hecome large.
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Pocomoke Aquifer
Pocomoke Cily

Two tests were run on the Poeomoke aquifer at Pocomoke City in January
1933. One was run at the 7th Street station of Pocomoke City, and the other
at the Birdseye plant near the Pocomoke River.

| " EXPLANATION
.'-'(_,-‘ A Pamlica farmatian

B Plelstocene and Pllocene(?)
aquifer

C. Upper aquiclude

D. Pocomoke aguifer

E. t.awer aquiclude

F. Manokin oquifer

Average depth to tap of aquifer

at Ocean City {in teef bel
se0 laval). rt gy

B 70 D I50 F. 240

Ficure 36. Diagram showing the Relation of Three Producing Aquifers in the Ocean City Area

Drillers’ logs indicate 10 to 30 feet of sand, gravel, and clay of the Pleistocene
series, underlain by 20 to 30 feet of the blue clay of the upper aquictude of the
Yorktown and Cohansey formations(?), underlain by the Pocomoke aquifer.
The aquifer is about 45 feet thick and is underlain by the blue clay of the lower
aquictude.

The Pocomoke aquifer rises to the northwest, at the rate of 3 to 6 feet per
mile, and directly underlies the relatively thin and permeable Pleistocene and
Plocene(?) deposits in an intake belt, the nearest edge of which is about 3
miles northwest of Pocomoke City (fig. 21). The aquifer has been logged in
wells to the northeast as far as Ocean City, 32 miles away, and on the east, to
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lower Assateague Island, 21 miles away. Records of wells in Virginia show that
the aquifer extends at least 40 miles south-southwest, to Pungoteague in lower
Accomack County.

For hydrologic analysis with respect to pumpage at Pocomoke City, the
aquifer may be treated as semi-infinite in extent to the southeast. A line of con-
stant head may be approximated along the intake belt, which may be simulated
by recharge wells of equal input rate as the Pocomoke City discharge 10 miles
northwest of the city.

The test at the 7th Street pumping station was begun at 9:00 a.m., January
12, 1953, after a recovery of 3 days and 9 hours. Well Wor-Fb 9, at the 6th
Street pumping station, 2,050 feet from the test site, also drilled to the Poco-
moke aquifer, was pumped continuously in the recovery period and during the
test, because it was needed to supply the city with water.

Well Wor-1'b 14 was pumped for 3 days at an average rate of 245 gpm. The
pumping rate was determined by means of an orifice and piezometer tube, and
discharge was to a city sewer. The discharge ranged from 261 gpm to 239
gpm. Pumping ceased at 9:00 a.m., January 15, and recovery measurements
were made for 5 hours.

The principal observation well was Wor-Fb 2, located 60 feet from the
pumped well, on which measurements were made with a float-type automatic
water-stage recorder. Measurements were made by tape on Wor-I'b 20 and 21
at the Birdseye plant, located 4,200 and 3,900 feet, respectively, from the
pumped well. These wells did not give an interpretable response because the
fluctuations in them due to the pumping were obscured by fluctuations due to
tides in the nearby Pocomoke River. Although a tide record was obtained, it
was not possible to establish a relationship, because there were insufficient ante-
cedent tape measurements in these wells.

The principal observation well, Wor-Fb 2, was too far from the tidal river
to be appreciably affected by tides. A comparison of the pre-test recovery
water levels with a barograph indicated that no barometric correction was
warranted. The drawdown and recovery measurements are presented in Table
29.

The drawdown and recovery curves obtained from well Wor-I'b 2 checked
closely with each other. The coefficients of transmissibility and storage as
computed from the early part of the curves were about 8,000 gpd per foot and
0.003, respectively. The latter part of the curves suggests a recharge boundary
about 100 to 300 feet from the observation well. The exact position or nature
of this boundary could not be deduced from the data. Additional tests with
several observation wells would be necessary to interpret the hydrologic con-
ditions in the area correctly.

The test at the Birdseye plant was made on January 15 and 16, 1953. Well
Wor-I'b 12 was pumped for 12 hours and 20 minutes at an average rate of 343
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TABLE 29
Drawdown and Recovery of Waler Levels, Aquifer Test at Pocomoke City, January 12-15, 1953
No correction needed for pre-test recovery or for barometric pressure; pumped well
Wor-Fb 14, average rate 245 gpm; observation well Wor-Fb 2, 60 ft. from Wor-Fb 14.)
Time Water Levels
(minutes) (feet below measuring point) Drawdown

L — — — (feet)

Since pump on Since pump off Pump on Pump off

0 25.68
1 25.82 0.14
2 26.02 .34
3 26.25 .57
4 26.48 | .80
5 26.72 1.04
6 26.94 1.26
7 27.16 1.48
8 27.38 1.70
9 27.60 1.92
10 27.82 2.14
12 28.22 2.54
14 28.57 2.89
16 28.95 3.27
18 29.30 3.62
21 29.76 4.08
23 30.05 4.37
26 30.43 4.75
29 30.78 5.10
34 31.30 5.62
39 31.74 6.06
44 32.12 6.44
49 32.44 6.76
54 32.74 7.06
59 33.02 7.34
64 33.32 7.64
69 33.52 7.84
74 33.73 8.05
79 33.95 8.27
84 34.11 8.43
89 34.26 8.58
104 34.72 9.04
119 35.12 9.44
134 35.39 9.7
149 35.60 9.92
169 35.86 10.18
189 36.10 10.42
209 36.30 | 10.62
229 36.49 10.81
249 36.68 11.00
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TABLE 29—Conlinued

Time Water Levels

o ) a P 1 1
(minutes (feet below measuring point) Drawdown

- - {feet)

Since pump on Since pump off Pump on
\

279 37.03
309 37.33
339 37.55
360 37.74
399 37.90
449 38.13
499 38.35
549 38.54
599 38.72
704 39.00
749 39.15
824 39.30
899 39.47
974 39.63
1,124 39.90
1,274 40.15
1,424 40.36
1,574 . 40.57
1,724 10.72
1,900 40.79
2,084 140.97
2,224 41.15
2,384 41.32
2,547 41.47
2,620 41.51
2,763 41.63
2,940 41.78
3,120 41.90
3,300 41.95
3,480 42.02
3,660 42.14
3,833 42.22
4,028 42.31
4,187 42.36
4,320 42.44

Pumping ceased. Recovery began.

(Extrapolated Recovery
water level) ‘ (feet)

42.44 0.00
42.44 L1
42.44 .34
42.44 .54
42.44 .82




Time
(minutes)
Since pump off

00~ &N »n

12
14
16
18
21
23
26
29
34
39

49
54
59
64
69
74
79
84

104
119
134
149
169
189
215
229
240
270
300

Since pump off
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TABLIS 29—Continied

Water Levels

feet below measuring point)

42

42
42

42

42
42
42
42
42
42
42
42
42
42

42
42
42
42
42
42
42
42
42
‘ 42
42
42
42

Pump on

44
4.
.44
44
42.44
44
42.44
44
.44
44
44
44
.45
.45
45
.45
45
42.
.45
45
.46
.46
46
46
.46
Yo
=
48
48
49
49
2.

\ 42.
42.

42.

42.

! 42.

44

45

50
51
52
57,
53
54

Pump off

41

37

35

35
35

33

32

32

31

Recovery measurements ceased.

.41
41.
40.
40.
40.
40.
39.
39.
39.
38.
38.
38.
37.

17
97
75
55
36
93
55
22
88
40
11
72

.35
36.
36.
.04
3508
.30
.05
34.
34.
34.
34.
34.
.97
33.
33.
33.
.86
82,
.40
32.
328
.96
Silq
31.

80
35

60

84
60
44
27
13

62
33
08
62

16
03

75
62

Recovery
(feet)

.03
.27
.47
.69
.89
.08
51
89
22
56

33
72
09
.64
10
Sk
.85
15
.40
.62
.86
.02
19
.33
49
85
15
40
.62
.87
10.10
10.35
10.49
10.56
10.78
10.92
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gpm and water levels were observed in wells Wor-Fb 21 and Wor-Fb 20, 59
and 40 feet, respectively, from the pumped well.

The drawdown in well Wor-Fb 20 was 8.54 feet and in well Wor-Fb 21 was
6.19 feet. From the early part of the test, the coefficient of transmissibility was
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calculated to be about 40,000 gpd per foot and the coefficient of storage was
about 0.0002. Toward the latter part of the test the data deviated from the
type curve but were insufficient to permit determining the cause.

The large difference between the computed values of the coefficient of trans-
missibility of the aquifer at the Birdseye plant and at the city well field sug-
gests that a relatively abrupt change in transmissibility, possibly caused by a
change in lithology, occurs between the two areas.

Ocean Cily

Ocean City has two well fields, about 1 mile apart, designated the north and
south fields (fig. 36). They derive water from the two lower of the three artesian
beds, the locally-named “183-foot” and ““283-foot” sands, which are, respec-
tively, the Pocomoke aquifer and the Manokin aquifer.

The geology of the Pocomoke aquifer in the vicinity of Ocean City is some-
what irregular. At Ocean City the top of the aquifer is encountered in wells at
depths of 140 to 150 feet below sea level. The top of the aquifer rises at a low
gradient of 3 feet to the mile to an intake belt near Willards, Wicomico County,
about 11 miles west of Ocean City (fig. 21). To the northwest the intake area
is closer, only 3 miles away, where Pleistocene and Pliocene(?) valleys have
channeled the upper aquiclude and opened the Pocomoke aquifer to direct
recharge through the Pleistocene and Pliocene(?) fill (P1. 3). To the southwest,
presumably extending beneath the ocean, the Pocomoke aquifer is confined
and protected by the upper aquiclude.

A salt-water interface with the fresh water may exist about 12 miles north
of Ocean City, in the vicinity of Bethany Beach, Delaware, but insufficient
geologic control is available in the southwestern corner of Delaware to sub-
stantiate this assumption. At the present rates of pumpage at Ocean City, such
a salt-water zone may not constitute a danger, particularly in view of the
nearer fresh-water intake belt in the headwaters of St. Martin River. However,
should the pumpage from this aquifer become heavy in the Ocean City area,
salt-water intrusion is a possibility.

G. E. Andreasen conducted tests on the Pocomoke aquifer at Ocean City
in both the north and south well fields in the winter of 1951-52. In regard to
the test in the north well field, he says:

In the north well ficld a turbine pump was installed on well Wor-Bh 8, and wells -Bh 7 and
Bh 6, lying 248 feet and 888 feet from -Bh §, respectively, were opened for water-level ob-
servation (Ocean City inset map on Pl 8). A recording gage was installed on -Bh 7, and
Bh 6 was measured. The well field was allowed to recover several days prior to the test.
During this time water-level observations were made concurrently with tidal observations so
that the water levels obtained in the pumping test could be adjusted for tidal influence.
During the test, the pumped well discharged at the rate of 127 gpm continuously for 19
hours. The discharge was measured by an orifice gage and pressure tube. The greatest draw-
downs observed in -Bh 8, -Bh 7 and -Bh 6 were 28 feet, 8.3 feet, and 3.5 feet, respectively.
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Toward the end of the test the tidal influence hecame relatively too great to correct, so the
pumping was stopped. Recovery observations were made until the water returned to near-
static level. From the drawdown and recovery curves, corrected for tidal fluctuation, the co-
cfficient of transmissibility was computed to be 10,000 gpd/ft. and the storage coeflicient
was determined as 0.00012.

These three wells, Wor-Bh 6, 7, and 8 are pumped independently by separate
turbine pumps, but in the aggregate they mutually interfere. Figure 37 is a
schematic diagram of the interference of wells, indicating that the drawdowns

-!..--'_""'—-—-._
] __]_::_‘___

EXPLANATION

Static water level .
Prafile af drawdawn cone due ta pumping well Q0 alone
Prafile af drawdown cane due ta pumping well Qb alane
Prafile of drawdawn cane due ta pumping well Qc alane
Prafile of drawdawn cane due ta pumping oll three wells

Ficure 37. Schematic Diagram of the Interference of Wells

are additive, and the influence of the wells upon each other is dependent upon
their relative distance apart and the rates and periods of pumping.

In the test in the south well field, a deep-well turbine pump was operated
on city well Wor-Cg 5, for 9 hours at an average rate of 143 gpm, until tide-
induced fluctuations became relatively so great that they could not be com-
pensated. Well Wor-Cg 8 of the Whaley Ice Co., located about 225 feet from
the pumped well, was used as an observation well with a recording gage. Tide
and well water levels were observed for several days prior to the test to derive
corrections for tide fluctuation. The drawdown in the pumped well was 13.6
feet and in the observation well 4.7 feet at the end of the test. The coefficient
of transmissibility was computed to be about 14,000 gallons per day per foot
and the coefficient of storage was computed to be about 0.00014. Thus the re-
sults of the two tests agree reasonably well.
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Unfortunately, the aberrations on the hydrograph, due to the tides, made
longer tests impracticable, and the possible effect of the intake area could not
be demonstrated. These tidal fluctuations are not believed to be due to the
movement of sea water into, and out of, the aquifer itself, even though there
may be a subsea salt-water interface about 12 miles to the north where some
daily surge occurs. Rather, they represent loading and unloading of the tidal
weight upon the land, as the 1- to 6-foot rise and fall in sea level occurs at the
beach, in the back-bay, and up the tidal streams. The weight of the incoming
tide compresses the confining beds, and presses down upon the aquifer, causing
the water levels in wells to rise. On the ebb flow, the confining beds and the
aquifer expand, and the water levels in wells fall.

Manokin Aquifer
Princess Anne

The Manokin aquifer at Princess Anne is about 86 feet thick, extending
from 137 feet to 223 feet below sca level. It is a gray medium to fine sand with
shell fragments (log Som-Be 50). The aquifer is illustrated on the map, figure
20, and in the generalized cross section, Plate 5. The intake belt crosses western
Wicomico County, the nearest edge being 7 miles northwest of Princess Anne.

An aquifer test run April 12, 1954, after a 43-hour recovery, using Som-Be
51, a new city well, as the pumped well, and Som-Be 42, located 1,300 fect
south along the railway tracks, as an observation well. The test lasted only 3
hours and 20 minutes, because in that time the water level in the pumped well
had fallen to 130 feet below the measuring point (12 feet above the bowls) and
the well automatically shut off. Recovery water levels were measured for 1
hour. Drawdown in the observation well was 1.65 feet at the end of the test.
The well discharged to the city line through a meter, and discharge was held
fairly steady throughout the test at an average rate of 389 gpm.

Several values for the formation coeflicients were obtained from different
portions of the test curves. The test was too short to indicate boundaries.

To determine longer range values, measurements of water-level drawdown
in the observation well were continued for 17 days, to April 29, and the city
pumpage, although intermittent, was kept at a constant frequency (about 2
minutes on, 4 off, at 390 gpm), averaging 115 gpm. The coefficient of trans-
missibility was calculated as about 7,000 gpd/ft. and the coefficient of storage
as about 0.C002.

These formation coeflicients are small and indicate an aquifer of low perme-
ability in this area. Because of the nearness of the intake belt, pumpage may
be sustained, but large-capacity wells should be spaced far apart, preferably
2,000 feet or more. Moreover, it may be found inadvisable to put pumps in
service that deliver more than 150 gpm, because of the high initial drawdowns
in the pumped well. Effort should be made to develop the pumped well to re-
duce screen loss. The ultimate safe yield from the Manokin aquifer within the
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city limits of Princess Anne will not be large, and probably will not exceed
500,000 gpd.

Ocean City

The deepest water-bearing bed in use at Ocean City is the locally-named
*285-foot” sand, or Manokin aquifer. The geology is summarized in figures
20 and 36 and Plate 3. The point of intake nearest Ocean City is a deep channel,
cut in the Miocene surface along the Delaware line, filled with permeable de-
posits of the Pleistocene and Pliocene(?) series. The Manokin aquifer is probably
in contact with the Pleistocene and Pliocene(?) series, receiving recharge
under water-table conditions, between Whitesville and Gumboro, Delaware,
about 18 miles northwest of Ocean City.

The Manokin aquifer may be regarded as infinite to the west and southwest
of Ocean City, on the basis of records of wells 40 to 50 miles away in those
directions. To the south, southeast, and northeast the aquifer jrobably ex-
tends under the ocean, protected by the confining aquicludes of the Yorktown
and Cohansey formations(?). To the north, in Delaware, a few well records
indicate the probable presence cf the aquifer. If the intake belt continues in
Delaware on the same strike as in Maryland, it would pass beneath the ocean
in the vicinity of Cape Henlopen, about 32 miles north of Ocean City. There-
fore, there seems to be no immediate danger of inducing direct encroachment
of sea water by pumping at Ocean City, but there may be water of poor quality
down the dip east of Ocean City that might migrate up dip in response to pump-
ing.

A test of the Manokin aquifer was made by G. E. Andreasen in December,
1951. Tive 6-inch wells, Wor-Bh 1, 2, 3, 4, and 3 (inset map, PI. 8), in the
north well field, on Philadelphia Avenue, between North 13th and North 15th
Streets, drilled and screened in this aquifer, produced an estimated 400 gpm
pumped on a common suction line. Static water level was measured at about
2 feet below land surface.

A turbine pump was installed on Wor-Bh 1. Wor-Bh 2, located 44 feet from
-Bh 1, and -Bh 5, located 130 feet from -Bh 1, were opened for observation;
-Bh 2 was measured with a recording gage and -Bh 3 with a tape. Water-level
observations were made in the pumped well with an electric tape. The well
field was allowed to recover for several days during which period concurrent
measurements of the water levels in the wells and at a recording tide station
were made to establish factors for a tidal correction.

Well Wor-Bh 1 was pumped at the rate of 195 gpm for 22 hours. Discharge
was measured with an orifice gage and open pressure tube. Toward the end of
the test the extrapolated tidal corrections became erratic, so pumping was
stopped, and recovery measurements were made for a short period. The water-
level drawdowns at the end of pumping, were 37 feet in Wor-Bh 1, 10 feet in
-Bh 2, and 4 feet in -Bh 5.
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The coetficient of transmissibility for this aquifer was computed as 26,500
gpd,/ft. and the coefficient of storage as 0.00001. This coefficient of trans-
missibility is the highest of those obtained at Ocean City. Because there ap-
pears to be little danger of salt-water contamination to this aquifer, large-scale
pumping developments can be made safely only in it, leaving the smaller ca-
pacity wells to pump from the Pleistocene and Pliocene(?) series (“90-foot”
aquifer) and the medium-capacity wells to pump from the Pocomoke aquifer
(“185-foot”” sand) because bLoth of these appear vulnerable to salt-water
encroachment.

Snow Il

During October 2 and 3, 1947, Rex R. Meyer ran several small well capacity
and aquifer tests on wells of the city of Snow Hill, Wor-1)d 7 and -Dd 8. These
wells are 290 feet deep, and are not equipped with screens. The wells are 45
feet apart.

The Manokin aquifer is tapped about 260 feet below sea level at Snow Hill.
The intake area is 20 miles to the northwest (fig. 20). The aquifer may be
assumed infinite in other directions.

The initial water level in Wor-Dd 7 was 4.5 feet below land surface and in
Wor-Dd 8, 6.0 feet below land surface. Well Wor-1Dd 7 was pumped at 122
gpm with a drawdown of 3.9 feet, for a specific capacity of 31 gpm/{t of draw-
down; and at the rate of 211 gpm with a drawdown of 6.3 feet for a specific
capacity of 33 gpm ‘ft. Well Wor-Dd 8 was pumped at the rate of 246 gpm with
a drawdown of 7.7 feet, for a specific capacity of 32 gpm/ft.

Wor-Dd 8 was pumped at an estimated rate of 275 gpm (based on a draw-
down of 814 feet measured by air line, and on a specific capacity of 32 gpm/ft.)
for 2 hours, and the water level in Wor-Dd 7 declined 9.6 feet. Other short-
period tests were made on well Wor-Dd 7. From the drawdown and recovery
water levels the coefficient of transmissibility was computed about 40,000
gpd. ft.

A coefficient of transmissibility of 140,000 gpd it indicates a good aquifer.
However, these tests were of short duration, and longer tests may disclose
unforeseen houndaries. There is little or no geological knowledge of the Mano-
kin aquifer southeast of Snow Hill, and there may be a transition from sand
to clay in that direction. An aquifer test of long duration would provide a
better understanding of the potential ground-water development that could
be undertaken at Snow Hill.

QUAaLITY OF GROUND WATER

GENERAL PRINCIPLES

As the aqueous vapor of the atmosphere condenses into water droplets, it
absorhs gases. The amount of gas dissolved in rain water is a few parts per
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million by weight. According to Bunsen (1855) it is composed mainly of car-
bon dioxide (2 to 3 percent), oxygen (34 percent), and nitrogen (63 to 64 per-
cent). Carbon dioxide acidifies the water slightly, increasing its corrosiveness
and its ability to dissolve minerals in the earth. The dissolved oxygen com-
bines with both mineral and organic matter. The nitrogen is generally inert.

As aqueous vapor condenses and falls to ecarth, minute quantities of other
soluble gases and particles of dust in the air are collected and deposited on
the surface of the earth. Ammonia, nitric acid, sulfuric acid, and chlorine are
collected by rain, the amount varying according to local industrial or volcanic
conditions (Clarke, 1924, p. 54). Volcanoes, fumaroles, hot springs, and marshes
release gases to the air which are slightly soluble in water. Lightning fixes
some of the abundant nitrogen of the air as ammonia. Chlorine, sulfur dioxide,
hydrogen sulfide, oxides of nitrogen, and ammonia, in very small but, in the
aggregate, probably important quantities, are thus part of the water that
falls on the earth.

As water passes through the soil zone and comes in contact with humus, it
absorbs substantial quantities of carbon dioxide and organic acids, so that
shallow ground waters are apt to be slightly acid (pH less than 7.0). As the
percolating water continues its downward travel, it dissolves some of the min-
erals with which it comes in contact. The mineral composition of the rocks
largely determines the chemical character of water in its subsurface journey.
Ground water flowing through a limestone will dissolve calcium carbonate
and, if present, magnesium carbonate, and be a hard water; water in consoli-
dated igneous or metamorphic rocks will usually be only slightly mineralized.

The variety of sedimentary sands, gravels, silts, clays, shales, and shell or
marl beds in the coastal plain sediments influences the type and quality of the
ground water in different aquifers and from place to place within the same
aquifer. The deeper ground waters generally have more mineral matter in
solution than shallow waters, because of the longer time of contact of the water
with the minerals and, in some cases, perhaps, because there has not been ade-
quate circulation of meteoric waters to remove the marine or brackish waters
that once occupied the aquifers.

In order to evaluate the chemical constituents of a water as a measure of
its utility and to make comparisons of different waters, chemical analyses
must be made. Water analyses are generally expressed as the number of parts
by weight of each constituent in each million parts by weight of water, ab-
breviated ppm.

The dissolved constituents in water can be divided into two groups of ions.
Iron, calcium, magnesium, sodium, and potassium are the most important mem-
bers of one group, the positively charged metallic ions or cations. Bicarbonate,
sulfate, chloride, fluoride, and nitrate are the most common in the other group
of negatively charged acidic ions or anions. The chemical analysis of a water
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is given in parts per million (ppm) of the listed ions. In addition to the ions
listed above, other constituents are determined as needed, such as silica, which
is generally regarded as being present in nonionic form. For comparisons of
different waters in geochemical studies, the analytical results in parts per
million may be converted to a form that shows the reaction capacity of the
various ions or radicals in the water. Bennett and Meyer (1952, p. 149) point
out that this method permits an early detection of salt-water contamination.
Tables 35, 36, and 37 list 107 analyses, of which 35 were made by the U. S.
Geological Survey; 43 by the Maryland State Department of Health; and 9 by
private chemical analysts and others.
Silica

Silica, or silicon dioxide, is the most abundant constituent in the crust of the
earth. It is the major constituent of sand and sandstone and occurs in many
other rocks. Water dissolves silica only slightly. The average quantity of silica
in ground water (Collins, Lamar, and Lohr, p. 5) is less than 30 ppm. In potable
or irrigation water its presence is not important. However, silica contributes to
the formation of the so-called “permanent” boiler scale in steam-generating
units. This hard crust can be removed only with difficulty, being scarcely
affected by acids and requiring vigorous mechanical treatment.

Cations or Basic Conslituenis

Iron

Tron frequently occurs in ground water in concentrations high enough to
create a nuisance. Carbon dioxide in the water reacts with iron-bearing minerals
to form soluble ferrous bicarbonate, which is colorless in solution. When the
water comes in contact with oxygen from the air, the compound is oxidized,
carbon dioxide is released, and the iron is precipitated as a red-brown flocculent
hydrous ferric oxide.

The U.S. Public Health Service standards for potable and culinary water on
interstate carriers allow up to 0.3 ppm of iron (or iron and manganese together).
Greater quantities of iron, though not harmful to health, may cause an un-
pleasant taste and will produce red-brown stains on plumbing fixtures and on
fabrics washed in the water. High concentrations of iron in water tend to clog
the pipes in household plumbing, especially in the presence of Crenolhrix, an
otherwise harmless bacterium, that releases the iron from solution.

Manganese

Manganese, like iron, is dissolved from the minerals of the aquifer largely by
the action of carbon dioxide. It is released also from solution by oxidation and
is objectionable mainly because of the black stain it produces. Concentrations
of manganese greater than 0.1 ppm are apt to produce stains. Objectionable
quantities of manganese are rare in ground waters from the tri-county area.
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Calcium and magnesium

Calcium and magnesium cause most of the hardness or soap-consuming
capacity of water. These cations, together with anions in equilibrium with them,
constitute 60 to 90 percent of the dissolved minerals of hard water (Collins,
Lamar, and Lohr, p. 7). Calcium and magnesium are dissolved from minerals
or shell beds largely by the action of carbon dioxide. They generally occur in
ground water as bicarbonates or carbonates—less frequently as sulfates.
Another source of calcium and magnesium in ground waters is sea water.
Ground waters contaminated by the intrusion of sea water or drawn from
aquifers from which the connate marine waters have not been flushed out are
generally high in these constituents and, consequently, are hard.

Sodium and potassium

The effects of the sodium and potassium ions are similar; but sodium is the
more important because it is more abundant. Foster (1950) noted that analyses
of waters of the Atlantic and Gulf Coastal Plains showed the same carbonate
and bicarbonate content at depth as was found in shallower waters. The water
had changed from a predominantly calcium bicarbonate water at shallower
depths to a predominantly sodium bicarbonate water at greater depths, in-
dicating a replacement of calcium by sodium through the action of base ex-
change. High concentrations of sodium and potassium are found in sea water
and related brines. Sodium and potassium occur in many common minerals,
such as mica and feldspar, and the weathering of these minerals produces sol-
uble compounds which are readily leached out.

Moderate quantities of sodium and potassium have no effect upon the use-
fulness of water for most purposes. However, large quantities induce foaming
in boilers, and very large quantities render the water unsuitable for human
consumption. Moderate to high percentages of sodium render water unfit for
irrigation, because of its adverse effects on the soil.

Minor melals—aluminum, zinc, lithium, and copper

These metallic ions are sometimes found in ground water, but usually in
very small amounts. They are trace elements, the effects of which are little
understood at present. They may play a significant role in the physiology of
human beings. That they play a role in the physiology of plants has been
established.

Anions or Acidic Constiluents

Carbonate and Bicarbonale

Carbon dioxide in ground water is present almost entirely as the bicarbonate
radical (HCOy) and as free carbon dioxide (C(s); in places, a water may con-
tain the carbonate radical (COj). Bicarbonate is the chief anion in most of the
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ground waters of the tri-county area except in those affected by salt-water
contamination. The bicarbonate and carbonate are often reported as alkalinity
which is expressed as calcium carbonate (CaCO;). Because the principal hard-
ness-forming cations, calcium and magnesium, are often in combination with
carbonates and bicarbonates, the computed hardness of a water is also reported
as calcium carbonate.

Sulfate

Sulfate is present in most ground water in the tri-county area in small
quantities. Sulfate in hard water contributes to the formation of scale in boilers
and hot-water systems. It is precipitated chiefly as calcium sulfate.

Chloride

In general, only minor amounts of chloride salts are present in ground water
except in zones of salt-water contamination. If chloride is present in excess of a
few hundred ppm, the water will have a salty taste.

An acceptable water for public water supply, according to the U. S. Public
Health Service standards (1946), may contain up to 250 ppm of chloride. If
water has large quantities of chloride, calcium, and magnesium, it may be cor-
rosive.

Fluoride

Fluoride is present in many ground waters, but generally in small amounts.
Health studies show that fluoride in amounts up to 1 ppm affects the develop-
ment of children’s teeth so that they will later resist decay (Dean, 1938). Con-
tinued use by growing children of water containing fluoride much in excess of
1.5 ppm, however, will cause a defect known as mottled enamel (Dean, 1936).
Many cities have artificially added up to about 1 ppm of fluoride to the drinking
water as an ald to development of children’s teeth.

Nilrate

Small quantities of nitrate occur in most ground waters and have no signifi-
cant effects upon the usefulness of the water. Oxidation of some forms of or-
ganic matter in the soil forms nitrate. The presence of nitrates in unusually
large quantities (more than a few ppm) may indicate organic pollution of the
ground water, especially in shallow wells. Sometimes high nitrate is due to the
use of nitrate fertilizer on the fields rather than to poliution. Large concentra-
tions of nitrate (45 ppm or more) in drinking water may be injurious to the
health of infants, causing cyanosis (“blue baby”) (Maxcy, 1950).

Phosphale

Very small quantities of phosphate are occasionally found in waters of the
Eastern Shore. It probably has little effect upon the usefulness of the water.
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Common source of phosphate is the mineral apatite. Carbonate waters take
the phosphate into solution to form phosphoric acid which eventually is ab-
sorbed by living organisms and deposited as animal remains. Phosphates of
iron associated with sedimentary limonite are common (Clarke, 1924, p. 523,
524). The use of phosphate fertilizers occasionally raises the phosphate content
of water in shallow rural wells.

Dissolved Solids

The dissolved-solids content is the total quantity of dissolved mineral matter
in a water. It is determined by evaporating a sample to dryness and weighing
the residue. The U. S. Public Health Service (1946, p. 383) does not recommend
waters containing more than 300 ppm of dissolved solids for public water
supply; however, a dissolved-solids content up to 1,000 ppm is permitted if
better water is not available.

Turbidity, or Suspended Solids

"Furbidity is seldom of importance in ground-water supplies if the wells are
properly developed. Unpleasant turbidity may sometimes be reduced by clean-
ing wells or it can be eliminated by filtration.

Hardness

The hardness of water may be defined as its soap-consuming capacity. The
harder a water is, the more soap is required to make a satisfactory lather and
the greater is the formation of soap curds. Hard waters form insoluble deposits
(boiler scale, etc.) when heated or evaporated. Hardness in natural waters is
caused primarily by the salts of calcium and magnesium. Other constituents
such as iron, aluminum, strontium, barium, zinc, and {ree acid also cause hard-
ness but are seldom found in natural waters in sufficient quantities to have
much effect on the total hardness. Hardness is reported as the amount of cal-
cium carbonate equivalent to all the calcium, magnesium, and other con-
stituents that cause hardness (Collins, Lamar, and Lohr, p. 11). Calcium and
magnesium equivalent to the bicarbonate in water cause carbonate hardness;
other constituents, chiefly calcium and magnesium sulfate, cause noncarbonate
hardness. Carbonate hardness is roughly equivalent to the term “temporary
hardness,” formerly used to designate that part of the hardness that could be
removed by boiling because calcium bicarbonate is broken down by heat and
precipitated as calcium carbonate. The portion of the hardness that could not
be so improved was called “permanent hardness,” which is roughly equivalent
to the noncarbonate hardness. Table 30 gives the hardness scale used by the
U. S. Geological Survey (Collins, Lamar, and Lohr, p. 17, 18).
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pH

The acidity or alkalinity of a water is expressed by its pH value. Mathe-
matically, the pH is the logarithm of the reciprocal of the gram ionic equivalents
of hydrogen per liter of water. A neutral water has a pH value of 7.0, an acid
water less than 7.0, and an alkaline water greater than 7.0. In general, the shal-
low ground waters are slightly acid, pH 5.5 to 6.5, due to organic acids and,
especially, carbonic acid (H;CO;) from the soil. The waters from marl and
shell beds are alkaline, pH 8 to 9.

Temperalure

The water from wells up to a few tens of feet deep shows a seasonal fluctua-
tion in temperature which decreases rapidly with depth, and its temperature
averages about the same as the mean annual air temperature. The temperature

TABLE 30
Classification of Hard and Soft Waters

Hardness ranges

(parts per million) Description of water
0-60.......... ... ... Soft water.
61-120......... ... .... Moderately soft to moderately hard water.
121-180............ .... Hard water.
over180. ... ... ... .. . . ... Very hard water.

of water from wells at greater depths does not vary more than a degree or two.
Below a depth of a few tens of feet the temperature of ground water increases
at a relatively constant rate with the depth from which the water is derived.
Bennett and Meyer (1952, p. 173, 174) found there is an increase of about
1°F for each 60-foot increase of depth in the Baltimore area.

The temperature of the water in well Wi-Ce 105, which is 43.9 feet deep and
has an average annual water level of 28.6 feet below land surface, averaged
60°F in August, 1933, and 59°F in December, 1953. Tables 33, 36, and 37 show
the recorded temperatures in wells of different depths, and Tables 38, 39, and
40 show some temperatures in the remarks column.

QUALITY OF THE WATER IN THE WATER-BEARING FORMATIONS

Figure 38 compares the average contents of iron, bicarbonate, chloride,
hardness, and dissolved solids in the analyses of water samples from the aquifers
in Somerset, Wicomico and Worcester Counties. Figure 39 shows the range in
pH in the analyses. The locations of the wells from which the samples were ob-
tained are shown in Plate 11. It shows that the area is not covered with an
equal analytical density, nor are the aquifers, and therefore the averages are




SATIUNOT) 19153010 Ay
pUT ‘00100 44 ‘19SI9WOG JO SIAJINDY Y} Ul SPI[OS PIAOSSI(] PUE SSIUPIEE] ‘APUO[Y)) ‘91BUOGIRIYS ‘UOI] JO UOI[[IJY I3 SMEJ d8elday "¢ TAIOL]

Kjuo Kjunon 19siwo0s 04 Kjddo mooo.:q-

DERE DR 1

=i N
. y | FIHF™
F 5

: - - _
"= - ) g g
. e ,..,.,.r. - A
,....:.r. e, ..r....r... 3
oi ¥ by o g e i FGRBD Vii
r \ V4
\ 1 r
i \ | ¥
ki -8 4 'y L 4 ! prr
L % 1 1
\ \ \ 1.1
&) = o - -1 E £ wjiiths Fybmsmy
r | f / :
o8} -4 4 ] 4 Y :
! ._- __
\ |
—r % .W |+ | narand | L AN 00 BN 5 ¥4
H NI BNV a3 :
_ \
e -8

I T 5 ow i B > & & % B E = m & . e -
A B an Rl ERER = B o B § EER BN o=is TTTTELE r
HCH LY N EG
01 F1=30 &N &8 S21I 05 L T RED ILFNOESYIE Rl

161



162 SomeRSET, Wicomico, AND WORCESTER COUNTIES

localized rather than representative. However, the data do show approximate
values and comparative trends within each aquifer and from aquifer to aquifer.
PLEISTOCENE, AND PLIOCENE(?) SERIES

Average values indicate that the waters of the Pleistocene and Pliocene(?)
series are relatively high in iron (2.1 ppm), low in chloride (18 ppm), very low
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Fioure 39. Minimum, Average, and Maximum pH Values in the Aquifers of Somerset, Wi-
comico, and Worcester Counties

in bicarbonate (24 ppm), and low in dissolved solids (90 ppm). They are soft
and slightly acid.
MIOCENE SERIES
YVorktown and Cohansey Formations(?)
Upper aquiclude

Infrequent thin stringer sands in the upper aquiclude of the Yorktown and
Cohansey formations(?) yield water with a rather high average iron content
of 2.0 ppm. The average chloride content is moderately high, 143 ppm, and the
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dissolved solids are high with an average of 491 ppm. The waters are very hard
and alkaline. The average bicarbonate content of 387 ppm is moderate for this
area. Analyses of water from the upper aquiclude were made from Worcester
County only.

Pocomoke aguifer

The Pocomoke aquifer, used principally in Somerset and Worcester Counties,
yields waters with a high average iron content of 4.5 ppm. The average chloride
content is moderate (19 ppm), the average bicarbonate content is 149 ppm, and
the average dissolved solids are relatively low, 187 ppm. The waters are moder-
ately soft to moderately hard and predominantly alkaline.

Lower aquiclude

Occasional thin stringer sands in the lower aquiclude yield water to small
domestic wells. The average iron content is high, 3.1 ppm, although in some of
the analyses iron is low. The average chloride content is moderately high,
105 ppm. The waters are very hard, 127 ppm. The average bicarbonate content
is moderate for waters of this area, 248 ppm. The content of dissolved solids
ranges from 88 to 1,080 ppm, with a high average of 614 ppm. The average pH
value is 7.0, a neutral water. Analyses for the lower aquiclude include samples
from Somerset and Wicomico Counties.

The quality of water in the upper and lower aquicludes is similar except for
the dissolved solids. The lower aquiclude has a somewhat higher average of
total dissolved solids, which is to be expected for deeper waters.

Manokin aguifer

The Manokin aquifer is the most widely used artesian aquifer in the tri-
county area and is the principal aquifer in Somerset County. The average iron
content for the area is high, 1.97 ppm, but in Somerset County it is only 0.44
ppm. The average chloride content is 173 ppm; but the water from two wells
in the Westover area has an extremely high chloride content, perhaps due to
intrusion of water from the bay. Omitting these two wells, the average chloride
content is about 126 ppm. The water from Somerset County has a higher aver-
age chloride content than that from Wicomico and Worcester Counties. The
bicarbonate content is moderate, 258 ppm. The average dissolved-solids con-
tent is very high, 976 ppm, which is near the tolerable limit for potable water.
The water is moderately hard to hard and alkaline.

Choptank Formation

The Choptank formation is tapped in the north Crisfield area by a few wells.
The water from this aquifer is perhaps the least potable taken from wells in the
tri-county area. The average iron content, however, is relatively low, 0.35 ppm.
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Except for the water from the Piney Point formation of Eocene age flowing from
the Isle of Wight well (Wor-Bg 10) in Worcester County, the Choptank yields
water with the highest average chloride content in the area, 1,940 ppm. Bi-
carbonate, a high content of 1,200 ppm, is reported in only one analysis. The
average dissolved-solids content is 3,180 ppm. This water is the hardest ground
water in the area. It is alkaline.

Calvert Formalion

Nanticoke aquifer

The Nanticoke aquifer, identified only in western Wicomico County and
developed to a minor degree, yields water with an average low iron content of
0.22 ppm. The average chloride content is moderately high, 162 ppm. A single
analysis for dissolved solids shows 734 ppm. The water is soft and alkaline. The
average bicarbonate content reported in two analyses is 637 ppm.

EOCENE SERIES
Piney Point Formalion

Analyses of water from the Piney Point formation are limited to three wells,
Som-Cc 1 at Rumbley and Som-Bb 1 in western Somerset County, and Wor-Bg
10 at Isle of Wight in eastern Worcester County. The results are:

Somerset Worcester
0.34 17.0
311 2565
615
372

Analyses of the water from the Isle of Wight well did not include dissolved
solids but they are probably very high. Water from the wells is alkaline.

Well Wor-Bg 10 has been in existence since 1914 and its water was once
bottled and sold for medicinal purposes. The water was analyzed about that
time and the results published by the Maryland Geological Survey in volume
10, 1918. The recent chemical analysis (Table 37) reveals that little change
has taken place in the chemical composition of the water in 40 years, though
many million gallons of water have flowed from the well in the intervening time.

PALEOCENE SERIES

The water from rocks of Paleocene age, pumped only at Crisfield for munici-
pal supply, is low in iron, moderate in chloride, very soft, and alkaline, and high
in dissolved solids. The highest fluoride content, 5.6 ppm, reported from the
tri-county area was found in this water.
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UPPER CRETACEOUS SERIES

Water from a formation of Late Cretaceous age is produced only in Somerset
County. It has the lowest contents of iron and chloride of the deeper waters.
It is relatively high in dissolved solids, soft, and very alkaline. The average
bicarbonate content is 535 ppm. The water is rather high in fluoride, ranging
from 1.4 to 3.0 ppm.

SUMMARY
Iron

The average iron content is highest in the water from the Pocomoke aquifer.
That from the Manokin aquifer shows the second highest iron content except
in Somerset County where the average iron content is low. The waters from the
Pleistocene and Pliocene(?) aquifers are next in order of iron content. From the
Choptank formation downward to the Upper Cretaceous series, the average
quantity of iron in the water is low, the deepest aquifer having the lowest aver-
age iron content of all.

Chloride and Dissolved Solids

The chloride and dissolved-solids contents parallel one another in trend (fig.
38). This is because the highly mineralized ground waters of the area are con-
nected in some way with marine conditions; however, the ratio of amounts of
chloride to dissolved solids varies. The Pleistocene and the Pleistocene and
Pliocene(?) aquifers in areas distant from tidal marshes have the lowest com-
bined average chloride and dissolved-solids content of all the aquifers.

Hardness

The Pleistocene and Pliocene(?) aquifers and the aquifers below the Calvert
formation yield soft waters. The waters from rocks of Miocene age are predom-
inantly hard, probably owing to the relatively abundant shell and marl beds
through which they move. The general softness of the waters of the deeper
aquifers may be due to base exchange of calcium and magnesium for sodium.

pH

The trend is definitely from acid waters in the shallow aquifers to alkaline
waters in the deeper aquifers (fig. 39).

SpECIAL PROBLEMS 0F WATER QUALITY

SALT-WATER CONTAMINATION

The relation of fresh ground water to salt water was studied by Ghyben (1889,
p- 21) and by Herzberg (1901). Their conclusions were based on the assumption
of hydrostatic equilibrium between salt and fresh water, although complete
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equilibrium would probably be rare. Subsequently Hubbert (1940, p. 924-9206)
and Krul and Liefrinck (1946, p. 15-17) showed that the principles of Ghyben
and Herzberg apply to moving fresh and salt water only if they are in a state of
dynamic equilibrium. The Ghyben-Herzberg rule is that the distance to the
fresh and salt water equilibrium zone below sea level is inversely proportional to
the difference in specific gravities of the two waters. Thus, if the average
specific gravity of sea water is 1.025 and that of fresh water is 1.000, the contact

(1'009)», as far below sea level as the static head of the fresh
(0.025)

water is above sea level. To illustrate: if, in an artesian aquifer underlying a
salt water body, the water table at the outcrop zone were 20 feet above sea
level, the depth to the contact between fresh water and salt water would be 800
feet below sea level, if the salt water had a density of 1.025. If the salt water has
a specific gravity of less than 1.025, the contact of the fresh and salt water would

be deeper.

will be 40 times,

Manokin Aquifer

An isochlor map of the Manokin aquifer (P1. 11) shows a trend of increasing
chlorides from Salisbury to Crisfield. Further study is necessary to determine
whether the high chlorides are residual within the formation or are due to arti-
ficially induced or natural encroachment of salty water into the aquifer from
higher or lower salty aquifers. The Manokin aquifer and the Choptank forma-
tion both crop out under the saline water (about 15,000 ppm chloride) of the
lower Chesapeake Bay, thus creating the possibility of salt-water contamination
down dip in the aquifer. The overlying Pocomoke aquifer has been tested for
chloride at only three localities, two of which are just north of Crisfield with
analyses of 21 and 33 ppm. Consequently, in the Crisfield area, at least, the
Pocomoke aquifer does not contribute to the high chloride content of the
Manokin.

An unusual condition exists at Westover, Somerset County, where five swells
within a few hundred feet of cach other and apparently all drawing from the
Manokin aquifer yield water with chloride contents ranging from 6 ppm to
more than 790 ppm. Perhaps this situation can be linked to old wells drilled
deep to the saltier aquifer in the Choptank formation and not adequately
sealed, thus allowing contamination of the higher aquifer. It could be due to
thin salt water tongues that have migrated inland in the Manokin aquifer, but
this is considered unlikely. Another possiblity is that a part of the Pocomoke
aquifer which lies near the surface at Westover may have been contaminated by
salt-water intrusion from the nearby estuaries and that this contaminated water
is finding its way into some of the wells through leaks in the casings.

In the Manokin aquifer the salt-water front is roughly perpendicular to the
strike of the aquifer. Perhaps the great expanse of higher land to the north and
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northeast furnishes enough fresh-water head to the Manokin aquifer to ward
off or stabilize the salt front. Periodic analyses of water should be made to
determine whether or not the salt-water front is migrating inland to the north
and northeast. Extreme caution should be exercised to avoid heavy concentrated
pumping from the Manokin. Such pumping would create a deep wide cone of
depression which might induce rapid migration of the salt water inland. Salt-
water contamination of the Manokin aquifer is potentially a serious threat to
future production from that aquifer. Additional geologic, hydrologic, and
chemical studies are needed to determine the controlling factors so that the
future use of the aquifer may be wisely planned,

METHODS OF WATER TREATMENT
Water for public water supply and industrial use should be moderately soft,
low in dissolved solids, and neither strongly acid nor strongly alkaline. Public
ground-water supplies are purified by various methods when necessary. The
kind and amount of treatment depend on the quality of the raw water.

Municipal and Industrial Supplies

Aeration

Water is mixed with air by splashing over baffle plates, spillways, or coke beds,
or by being sprayed into the air through nozzles, and collected in settling basins.
Ferrous iron in the water is oxidized to the insoluble ferric form which is pre-
cipitated, odors are removed, the corrosiveness of the water, caused by carbon
dioxide and other gases, is reduced, and the pH value is raised.

Sedimentation

In some instances suspended matter is removed from water by the simple
gravitational process of settling in large basins. A coagulant may be added
which causes the very fine suspended material to flocculate and settle out of the
water.

Filiration

Solid material suspended in water can be removed by the use of filters, which
are generally made of sand and gravel but sometimes of diatomite. Filtration
can be slow, through large filter basins; or rapid, filtering thousands of gallons
of water per day through each square foot of filter. Rapid sand filters may be of
two general types, open or closed, and operated under pressure. Both types
require frequent cleaning and careful attention, whereas slow sand filters may
be operated for long periods without attention. A coagulant, such as aluminum
sulfate, is generally used with rapid sand filters 1o produce flocculation and
hasten the process.
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Waler soflening

Water can be softened in a number of ways but the two principal methods
are by the addition of chemicals or passage through a softening filter. The best
method will depend upon the quality of the raw water and the required degree
of softening. Softening chemicals frequently added to the water are lime and
soda ash, which precipitate the calcium and magnesium carbonates and raise
the pH value. The addition of softening agents requires careful chemical con-
trol and generally filtration after the additions have taken effect. Natural or
synthetic zeolite filters absorb calcium and magnesium by base exchange and
replace them with sodium. They can be restored or recharged by the addition
of common salt. The zeolite filters require less expert and constant attention
than the lime and soda ash treatment.

Iron removal

Cowser (1951, p. 504-503) lists seven methods for elimination or reduction
of the iron content of water approved by the Illinois Department of Health.
Their effectiveness varies with the type of water. The selection of a suitable
method of iron removal may depend also upon what other treatment the water
requires. The methods are:

1. Coke-tray aeration, retention, and filtration reduces iron below 0.2 ppm.

2. Contact filters.

a. Gravity filtration through anthracite coal.
b. Gravity filtration, with removal of gases from the filter by suction,
reduces iron below 0.2 ppm.
. Pressure aeration.
. Base exchange using zeolite material.
. Catalysis materials.
. Lime softening, remarkably effective.
. Sequestration, using hexametaphosphates direct to the wells, to prevent
precipitation of iron in the distribution system.

-1 O\ UL o e

Private Waler Supplies

The necessity for constant expert supervision renders some of the water
treatment methods used on large supplies unsuitable for small household sup-
plies. A number of commercial iron-removal and water-softening units employ-
ing zeolites are available. They are effective on many types of water, easily
adapted to domestic water-distribution systems, and are widely used. Zellar
and Sorrels (1942) designed an inexpensive and simple method for iron and
carbon dioxide removal using graded gravel and limestone as the filter medium
in a tank ranging from 12 to 20 inches in diameter, the maximum diameter pro-
ducing up to 8!4 gallons a minute. The method is well adapted to domestic and
farm use. The cost to build such a unit (in 1942) was estimated under $50.00.
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The system must be cleaned regularly by backwashing, but it is necessary only
at intervals of 6 months to a year. The limestone must be replaced as it is used

up.
FLUORIDE AND FLUORIDATION

Available water analyses of the tri-county area show that fluoride is present
in practically all the aquifers. The minimum, maximum and average fluoride
contents of the aquifers tested are:

Number of Parts per million
analyses Minimum Mazimum Average

Pleistocene series 1 0.2
Pleistocene and Pliocene(?) series...... ... 0. 0. .15
Yorktown and Cohansey formations(?). . . . . .23
Pocomoke aquifer . 1. .31
Manokin aquifer . . .23
Choptank formation 57
Nanticoke aquifer 1y
Paleocene series So
2.

§ 6

The areas producing from aquifers high in fluoride are in Somerset County.
Smith Island has been using water from the Upper Cretaceous since 1943, and
Crisfield produces water from the Calvert and Piney Point formations, from
the Paleocene series, and from the Magothy formation. One well (Som-Ec 4)
at Crisfield, screened opposite the Calvert, Piney Point, and Magothy forma-
tions, tested 1.8 ppm of fluoride. A high fluoride content can he lessened by
mixing with water of low fluoride content if available.

The presence of fluoride in proper quantity is effective in prevention of tooth
decay. The optimum quantity appears to be about 1 ppm. Many municipalities
now add fluorides to their water to bring the concentration up to 1 ppm. On
the other hand, concentrations above 1.5 ppm may causc mottling of children’s
teeth (Dean, 1936, 1938).

WASTE DISPOSAL

Some surface water is contaminated by bacteria harmful to man, and some
of this water percolates through the ground downward to the water table.
Direct sources of such contamination are cesspools, septic tanks, pit privies,
leaking sewers, barnyards, and garbage heaps. The U. S. Public Health Service
(1930, p. 12) states that bacteria will not penetrate very far below the water
table; therefore, a cased well that extends considerably below the lowest sea-
sonal position of the water table will be less likely to be contaminated than one
not so protected. It is preferable to have a layer of clay, shale, silt or even a
silty or clayey sand between the contaminated water-table level and the level
from which the well draws its water. When subsurface conditions necessitate it,
drillers drive a tightly fitting outer casing down to the subsurface sand, thus
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effectively sealing off any undesirable water-table water that might filter down
along the outside of the producing casing.

The U. S. Public Health Service (1950, p. 14-16) has made the following
recommendations regarding location of wells with respect to sources of pollu-
tion: 30 feet from pit privies, septic tanks, sewers, and subsurface pits; 100 feet
from seepage pits, subsurface sewage disposal fields, and barnyards; 150 feet
from cesspools. These are minimum distances in fine-grained materials. In
coarse sand and gravel or in fractured rocks, greater distances may be essential.

A well, particularly a water-table well, should be located, if possible, where
the water table (and, generally, the land surface) is higher than the area of
contamination. If the water-table well is pumped heavily, however, a wide and
deep cone of depression may form, reversing the natural movement of water
and drawing in contamination.

WELL CLEANING

Well owners on the Eastern Shore often are faced with the need of a new well
because the old one has ceased to produce, primarily because of screen trouble.
When possible, industries with large diameter wells have the old screen removed
and a new one installed. The screen can deteriorate because of corrosive action
of water, necessitating a new screen or a new well. If the screen has not become
corroded but is only encrusted or plugged by mineral matter (silt, clay, or iron
deposits) it is possible to renovate it by mixing buffered acid with the water in
the well. The acid is allowed to stand for a time and then the mixture is surged
in the well. Dry ice has been used to create high underwater pressure to force
the encrustation out of the screen opening, but the degree of success of this
method is not known.

The glassy phosphate sodium hexametaphosphate, also called sodium poly-
phosphate, is a popular and effective chemical for cleaning wells. It is easily
obtained, safe to handle, and relatively inexpensive. The phosphate defloc-
culates small particles of clay, silt, calcium carbonate, metal oxides, and salts
on the screen and in the surrounding producing area (Caplan, 1933, p. 8, 9).
If, however, a screen is clogged by fine sand, chemical treatment is not appli-
cable. The procedure for cleaning wells with this chemical is relatively simple.
Commercial manufacturers of the chemical recommend how much of a charge
to use in relation to size and depth of well. A general rule (Caplan, 1953, p. 11)
for initial charges is 15 to 30 pounds of the chemical and 1 to 2 pounds of calcium
hypochlorite for each 100 gallons of water in the well under static conditions.
The chemicals are poured into the well, allowed to remain for 24 to 48 hours,
and surged periodically during that period. The procedure is repeated until no
further improvement results.




GroOUND-WATER RESOURCES OF THE
SALISBURY AREA

BY

REX R. MEYER AND ROBERT R. BENNETT

NOTE

A major part of the Salisbury report by Meyer and Bennell was devoled lo de-
lailed descriptions of a series of pumping lesls, principally al the well feld of the
Salisbury public supply. In order that all the pumping-test malerial might be in one
place and to avoid duplicaling the discussions of pumping-lest theories, that part of
their report is included in the section on aquifer lesls.

The Salisbury report contained the usual tables of basic data such os analyses of
waler and well records and logs. The dalo from these lables have been incorporoled
in the similar tables in this report.

Figures 29, 30, 34 oud 35 and Plates 9 ond 10, and the insel (piczomelric map)
in Plale 7 were laken from the Salisbury reporl.

The scctions of the Salisbury report that deal with ground-waler recharge and
ground-water conditions in the Salisbury area have been adapled for presentation
in the following sections by enry C. Barksdale, staff engineer.

DESCRIPTION OF THE AREA

The Salisbury area, as the term is used here, comprises about 33 square miles.
The city of Salisbury is in the center of the area (P1. 7). The area is characterized
by a nearly flat to gently rolling land surface that ranges in altitude from sea
level to about 60 feet above sea level. Most of the area is within the Wicomico
River drainage basin. The Wicomico River is affected by tides from its mouth
to Salisbury where tidewater dams have been constructed on Beaverdam Creck
and the Wicomico River. Several ponds have been formed in the area by dams
across tributaries of the Wicomico River.

Although locally clay, or sandy clay, is present at the surface, most of the
Salisbury area is underlain by a sandy permeable soil. The shallow ground
water occurs under water-table conditions. The water in this aquifer originates
largely from local precipitation, part of which passes through the soil zone and
enters the body of ground water, after which it moves slowly toward the
streams, the principal areas of discharge. The depth to the water table below
the land surface is dependent, in part, on the amount, intensity, and distribu-
tion of the precipitation, the permeability of the sediments, the proximity of
the areas of discharge, and the evapotranspiration from the soil and from the
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water table. In general, the depth to the water table is less than 25 feet below the
land surface, or within the limit of lift of suction pumps.

ToE SALISBURY PusLic WATER SUPPLY
HISTORY AND DEVELOPMENT

The public water supplies are derived from ground water. The largest public
water supply in the area is that of the city of Salisbury. Prior to 1925 the water
supply for the city was developed from small wells and well points which were
connected in groups to suction pumps. From 1925 to 1936 the Salisbury public
supply was obtained from a group of five wells in the municipal park in the
southeastern part of the city (wells Wi-Ce 1 to -Ce 3) situated along the City
Park Pond within 100 feet of its banks. They are all screened in the Pleistocene
and Pliocene(?) red gravelly sand and range in depth from 43 to 61 feet.

Wells Wi-Ce 1 to 5 were drilled in 1925 and are spaced at intervals of about
250 to 300 feet (Pl. 7). They are constructed with 18-inch (inside diameter)
concrete casings and screens, which are enveloped in an artificial gravel pack
having a diameter of about 38 inches. The wells are connected to a common
discharge line so that all wells may be pumped simultaneously by any one of
three centrifugal suction pumyps which have capacities of 1,000, 1,500, and 2,000
gpm, respectively. The combined yield of the five wells is approximately 1,800
gpm except when the water table is low during periods of low precipitation or
after prolonged pumping. In the fall of 1947 when the water table in and near
the well field was unusually low because of subnormal precipitation during the
year, the combined yield of the five wells decreased to about 1,650 gpm.

The initial capacity of wells Wi-Ce 1 to 5 in 1925, is subject to some uncer-
tainty. One report indicates that their individual capacities ranged from 750

to 840 gpm with a drawdown of 23 feet or less. Another report gave individual
yields, presumably at maximum drawdowns, of 950 to 1,500 gpm. The total of
the reported individual yields within the limit of suction in 1925 was about
twice the combined yield of the wells in 1948. The writers suggested that the
yield of the wells might be improved by cleaning the screens. In 1949 an at-
tempt was made to clean the wells by surging and cleaning them out with a
bailer, but it resulted in only a slight increase in yield. Later the wells were
treated with sodium hexametaphosphate, and it is reported that the yields of
at least some of the wells increased substantially.

Three additional wells (Wi-Ce 6 to 8) were drilled in 1936, 1937, and 1945.
They are 63, 62, and 66 feet deep, respectively, and are constructed with 24-inch
metal casings, 12-inch metal screens, and an artificial gravel pack about 24
inches in diameter. They are spaced 400 to 460 feet apart. Wells -Ce 6 and 7 are
on the north side of City Park Pond and well -Ce 8 on the south side. Each of
these wells is equipped with a deep-well turbine pump that discharges into a
common 14-inch main leading to the meter and aerator. At the time of com-
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pletion, these three wells were reported to yield 820, 1,200, and 1,050 gpm, re-
spectively. When pumped separately into the main they yield approximately
600, 900, and 1,000 gpm, respectively. The total yield of the three wells when
being pumped simultaneously is 2,000 to 2,300 gpm.

The combined capacity of the eight wells furnishing the public supply at the
end of 1945 was about 5,000,000 gpd. The average daily consumption of water
was about 2,000,000 gpd, but during the summer months when the demand was
the greatest it was often necessary to pump the wells at or near their full ca-
pacity.

Five additional wells (Wi-Ce 99 and 100, and -C{ 64, 63, and 66) were con-
structed in 1949, They are situated along the Upper Pond east of the existing
well field. Wells Wi-Ce 99, -Cf 64, and -Cf 63 are approximately 50 feet from
the north bank of the pond and spaced at intervals of about 500 feet. Wells
Wi-Ce 100 and -Cf 66 are on the south side of the pond opposite the other three
wells and have similar spacing. These wells are constructed with 17-inch (inside
diameter) concrete casing and screen (Pl. 15, fig. 2). Their depths range from
46 to 68 feet. Pumping tests, upon completion of the wells, indicate that the
maximum efficient yield of Wi-Ce 99 was 450 gpm; those of Wi-Cf 64 and 65
were 650 and 400 gpm, respectively; that of Wi-Ce 100 was 750 gpm; and that
of Wi-Cf 66 was 350 gpm. The combined yield of the five wells is estimated to be
1,800 gpm.

Construction of Wells

In the Salisbury area the domestic wells tapping the Yorktown and Cohan-
sey formations (?) at depths of approximately 100 feet are usually 114 to 2
inches in diameter and finished without a screen. The casing is set at the base of
a clay, or on a thin indurated bed of sand, and an open hole is drilled into the
underlying sand. With time the uncased part of the hole and part of the casing
may fill with sand, and the yield of the well be reduced. This has caused the
flow from wells Wi-Ce 76 and 77 to stop. The flow from well -Ce 78, situated
near wells -Ce 76 and 77, resumed when it was cleaned of sand.

Most of the domestic and farm wells in the area tap the unconfined water in
the Pleistocene and Pliocene(?) aquifer. These wells are usually of the driven
type, 14 to 114 inches in diameter, and are equipped with several feet of screen
above the drive point. In general, these wells yield adequate water for domestic
purposes; however, in some localities deposits of iron encrust the screens after
several years and a replacement well must be driven.

The industrial and public-supply wells in the arca are 4 to 24 inches in diam-
cter and constructed with metal or concrete casings and screens. The metal-
cased wells are drilled by the percussion, jet, or rotary methods, and the con-
crete-cased wells are mechanically dug.

Where high-yielding wells are desired it is important to construct a well so
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that the loss of head due to friction is at a minimum. The velocity of the water
in an aquifer increases as the water approaches the well, for it must pass through
an ever smaller cross-sectional arca. Therefore, the maximum loss of head due
to friction is at the periphery of the well. With a discharge of the same quantity
of water the loss of head due to friction at the periphery of the well is less in a
large-diameter well than it is in a small-diameter well. The increase in yield is
not, however, directly proportional to the increase in diameter of the well. With
all other factors remaining the same, and assuming that there is no turbulent
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F1cure 40. Theoretical Increase in Yield with Increase in Diameter of a Well in an
Aquifer with a Coefficient of Transmissibility of 100,000 gpd/ft. and Specific Yield of 0.15,
Assuming no Loss of Head through Well Screen or Casing, and that there is no Turbulent
Flow.

flow, the theoretical increase in yield caused Dy increasing the diameter of the
well from 6 to 24 inches is about 15 percent, for an aquifer having properties
similar to those determined at Salisbury. Figure 40 shows the theoretical in-
crease in yield with the increase in diameter of a well.

The greater the intake area of a screen the lower the velocity of the water
entering the well. Thus, to keep the loss of head due to friction to a minimum,
the screen should be constructed so that for a given aquifer it has a maximum
area through which the water may enter the well. In most aquifers the size and
distribution of the sand or gravel varies areally; therefore, it is seldom possible
to determine the most effective size of the openings (slot size) of a screen prior
to the drilling of the well. Screens are manufactured with a wide range in slot
opening, and the area of intake may be as high as 30 percent of the total screen
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area. FFrom a mechanical analysis of the aquifer, the size of slot opening for the
screen may be selected to assure the maximum intake area and to allow a cer-
tain percentage of the fine sand to enter and be pumped out of the well. The
climination of the finer grains near the screen results in the coarse grains being
in contact with the screen openings and, consequently, the intake area of the
screen is at a maximum. In the construction of some wells fine gravel is added
to the aquifer immediately adjacent to the well to improve the screening action
and reduce friction. Such wells are said to be gravel-walled.

The removal of the fine material is commonly referred to as the development
of the well. This is accomplished by pumping or surging the well to create
velocities high enough to loosen the material near the well and cause the fine
particles to pass through the screen. Usually, toward the end of the developing
process, the well is pumped at a higher rate than is planned for the completed
well, under the assumption that the future velocities will be less and the bridg-
ing of the grains at the periphery of the well that takes place during develop-
ment will not be disturbed.

In March 1949 a pumping test was made by the contractor on well Wi-Cf 35
Lo determine its maximum efficient yield. This well is 22 inches in diameter and
01 feet deep, and is constructed with concrete casing and a concrete screen
(P1. 15, fig. 2) set from 33 feet to the base of the Pliocene(?) red gravelly sand
at 61 feet. A slotted 34-inch pipe (well P-1) was installed in the gravel pack
about 1 foot from the well screen, to enable water-level measurements.

The well was pumped for 4 hours at a rate of 515 gpm, after which the rate
of pumping was increased about every 60 minutes until a discharge of 750 gpm,
the maximum discharge attainable with the pump, was reached. The well was
pumped at this maximum rate for about 4 hours. The pumping level in the
pumped well ranged from 31 feet at 530 gpm to 48 feet at 750 gpm (fig. 41).
"The specific capacity ranged from 20 to 18 gpm for each foot of drawdown
(fig. 42), decreasing as the discharge increased. The difference in altitude of
the water level in well P-1, just outside the screen in the gravel pack, from that
inside well Wi-Cf 33 at different rates of pumping is shown in figure 43. These
three diagrams show that the efficiency of the well is greatly reduced beyond a
yield of about 700 gpm. For yields beyond this amount the quantity of water
delivered becomes increasingly less for each additional foot of drawdown. The
differences in altitude between the water level in well -1 and the pumped well
(fig. 43) also indicate that for this well the loss of head due to friction increases
greatly hetween the gravel pack and inside the well at rates of discharge above
700 gpm. Turbulent flow in and around the screen probably begins at about this
rate of yield, with the resulting great increase in frictional losses.

Well Wi-Cf 35 is in the Salisbury public-supply well field where the co-
efficients of transmissibility and storage have been determined by means of
pumping tests. Using the values determined from these tests, the theoretical
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drawdown, in a well having an efliciency of 100 percent (no screen loss), at the
end of 1 day pumping at a rate of 750 gpm would be about 11 feet. Conse-
quently, the computed pumping level of well Wi-Cf 35 would be 18 feet. The
observed pumping level at the end of 14 day was 48 feet (specific capacity about
16 gpm per foot). It seems, therefore, that the loss of head due to friction in
and near the screen has materially decreased the capacity of this well. The
intake area of the screen installed in this well was computed to be about 10
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Ficure 41. Relation of Yield of Well Wi-Cf 35 to Pumping Levels

percent of the total area of screen exposed to the formation. In contrast to this,
wells Wi-Ce 7 and & (the nearest production wells to Wi-Cf 35) are equipped
with screens exposing an area of intake of at least 40 percent. The specific
capacities of these two wells were originally 37 and 34 gpm per foot of draw-
down. Consequently, it appears that a large part of the loss of head due to fric-
tion in well Wi-Cf 35 is caused by the relatively small total intake area of the
screen.

Tests similar to that made on well Wi-Cf 35 were made on the four other
new production wells drilled for the city of Salisbury in 1949 (wells Wi-Cf 34,
36 to 38). The results on these wells were similar to that described for well
Wi-Cf 35,
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I16URE 42. Specific-Capacity Curve of Well Wi-Cf 35
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The samples of material taken during the drilling of wells in the Salisbury
well field show that the material in the upper part of the Pleistocene and
Pliocene(?) aquifer in the Salisbury well field is generally finer grained and
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TABLE 31
Mechanical Analysis of Drill Cuttings from Well Wi-Cf 22

(Size in millimeters, quantity in percent)
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less permeable than that in the lower part. Throughout most of the well field
the Pliocene(?) red gravelly sand is overlain by varying thicknesses of Pleisto-
cene deposits which may be as thick as 25 feet in some places. The Pleistocene
deposits, though generally good water-bearing materials, are not as good as
the red gravelly sand.

The mechanical analyses of samples taken during the drilling of test wells
Wi-Cf 22 and Wi-Cf 28 are given in Tables 31 and 32. Well -Cf 22 is one of four
test wells drilled near the head of Upper Pond in the city park. Well Wi-Cf 28
is one of four drilled near Schumaker Pond, about two miles farther up Beaver-
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TABLE 32
Mechanical Analysis of Drill Cuttings from Well Wi-Cf 28

(Size in millimeters, quantity in percent)

Granule Very coarse | Coarse sand |Medium sand  Fine sand | Very fine Silt and
Depth (ft.) | larger than | sand 1.168 0.589 to 0.295 to 0.147 to | sand 0.074 ! la"
2.362 to 2.362 1.168 0.589 0.295 to 0.147 cRy
0-6 0.0 | 0.4 5.7 40.2 38.9 7.8 6.3
o 7 0.4 2.5 55 23.0 28.8 18.8 20.06
7-10 585 3.6 5.3 19.3 41.0 17.3 7.2
10-11 4.0 9.4 7.6 12.7 28.3 18.8 18.2
11-15 0.0 1.2 2.3 14.5 47.9 25.3 8.2
15-1514 73.0 14.1 8.0 3.7 0.2 0.6 0.3
1514-17 2.4 4.5 15.5 22.5 34.6 11.1 9.0
17-22 1.6 8.2 30.1 40.5 14.3 2.7 2.3
22-25 5.7 10.8 28.6 34.9 14.5 2.4 2.1
25-30 33.6 7.4 19.4 23.8 11.4 2.8 1.1
30-33 22.6 6.0 16.5 | 29.2 17.9 4.2 3.3
33-35 11.2 7.6 20.4 39.2 16.2 2.4 2.3
35-38 3.9 3.2 NS 47.0 16.4 3.6 2.8
38-41 0.7 4.4 22.5 44 .2 21.3 3NS5 2.8
41-43 ‘ 0.6 7.6 29.8 38.7 16.8 2.8 3.3
44-47 11.5 ‘ 7.0 32.9 33.8 8.1 4.1 1.6
47-49 45 | 13.3 40.7 27.9 10.3 1.8 0.9
49-50 98 .4 4.2 1.2 0.1 0.1 0.0 0.0
50-52 53.2 9.4 13.7 16.1 4.5 1.6 0.4
52-55 24.3 13.5 25.9 | 27.3 6.3 1.1 1.2
55-57 43.1 11.0 24.0 18.0 2.0 0.9 0.4
57-59 71 8.5 10.9 8.1 0.8 0.2 0.3
59-61 14.2 24.6 30.4 24.7 3.5 1.2 1.0
61-63 31.9 14.6 18.0 27.0 6.1 1.3 0.6
63-65 58.2 2.6 10.7 21.7 SH2 1.0 0.5
65-66 89.5 1.4 &)1 4.9 0.9 0.1 0.1
66-68 3.9 5.8 ‘ 24.7 46.3 13.2 4.8 1.2
68-70 47 | 4.0 20.9 4.7 20.3 3.9 1.2
70-72 9.2 5.3 21.2 39.6 20.8 2.4 1.4
72-74 ‘ 15.3 | SHS 18.5 38.5 18.7 1.9 1.3
74-77 0.4 0.3 | 0.6 3.8 72.2 19.3 3.0
77-80 5.7 9.3 18.9 16.7 36.5 10.5 1.9
80-83 28.6 16.0 21.2 13.3 14 .4 4.8 0.9
83-85 32.7 26.0 | 20.0 8.8 8.4 3.5 0.5
85-87 10.8 14.2 35.6 2757 8.3 2,15 0.7
8789 206 | 17.3 ‘ S5 g 202 34 | 46 | 05
89-91 12.1 15.7 26.5 16.7 19.2 8.3 1.0
9193 | 8.0 7.8 5.8 17.0 17.3 8.4 7.1

|

dam Creek. In both wells there is a coarse layer near the bottom in the red
gravelly sand. Laboratory determinations of permeability were made on
samples from the eight test wells. The coeflicient of transmissibility computed
from these determinations is much lower than those from the pumping tests
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and consequently is not considered reliable. The results provide another means
of comparing the sediments at different levels in the holes. Figures 44 and 43,
showing the relative permeabilities at different levels in the eight test holes
Wi-Cf 22-25 and 28 31, indicate a trend toward greater permeabilities near
the bottom of the holes. Nevertheless, the relative difference in permeability
is not great, and for most practical purposes the entire section (Pliocene(?) red
gravelly sand and Pleistocene deposits) may be considered a single aquifer in
the Salisbury area.

Recharge of the Aquifer
Recharge from precipilalion

Many factors control the rate and amount of water that reaches the zone of
saturation. Chief among these are the amount and frequency of precipitation,
tillage, permeability of the soil, form of the land surface, and soil moisture.
In the Salisbury area the precipitation is rather evenly distributed through the
year; consequently there is usually no extended period in which the aquifer does
not obtain water through recharge from precipitation. The soil in the Salisbury
area is sandy and, therefore, sufficiently permeable to allow relatively large
quantities of water to enter the ground. The permeability of this type of soil
is not affected by tilling as much as a clayey soil; consequently, tillage in the
area probably does not materially reduce recharge. Another factor favoring
recharge in the area is the relatively flat land surface, which retards surface
runoff and allows a maximum time for infiltration.

One of the greatest barriers to uniform seasonal recharge is the lack of
moisture in the soil zone during the growing season. Water is withdrawn from
the soil by plants and by evaporation and, consequently, a soil-moisture de-
ficiency is created between periods of precipitation. During extended dry
periods this deficiency increases greatly as plants continue to draw upon the
available supply. Before substantial ground-water recharge can take place
this moisture deficiency must be satisfied.

In areas where the water table is below the bed of a stream the ground water
may be recharged from the stream. Gaging stations may be established on such
influent streams, and the amount of water lost between the stations be meas-
ured. However, where the losses are small in proportion to the total streamflow,
the accuracy of the measurements limits the accuracy of this direct method.

If the specific yield of the zone in which the water table fluctuates is known,
the recharge may be estimated by the rise of the water table caused by water
entering the zone of saturation. Even if the above requirements are determined
accurately, the amount of recharge computed will be less than the total re-
charge, for as the water table rises the natural discharge continues, at an in-
creased rate; consequently the rise indicates only the increase of recharge over
discharge.
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The indirect method of determining the amount of precipitation and losses
by evaporation, transpiration, and runoff may be used to estimate recharge
within a basin. The possibility of errors in determining the precipitation, evap-
oration and transpiration are so great that this method is gencrally not con-
sidered very reliable.

In areas of little or no pumping, recharge to the aquifer occurs by direct
penetration of water from precipitation. Although the conditions for recharge
are good, the rate of recharge may vary considerably within an area with cqual
amounts of precipitation. This areal nonuniformity of recharge, caused chiefly
by differences in soil conditions, soil moisture, and topography, introduces errors
that may be great if the measurement of recharge is restricted to local ob-
servations.

Estimates of recharge based upon fluctuations of the water table require
relatively complete instrumentation and a long period of observation. This
method was not used during this investigation to make quantitative determina-
tions of recharge because of the lack of adequate time and instrumentation.
Such a study made later on the Beaverdam watershed is described on pages
123 to 128.

Even though recharge cannot be determined quantitatively, it is evident
from figure 29 that much of the water from precipitation reaches the water
table. Figure 29 shows that a rainfall of 5.80 inches in a period of 5 days caused

a rise in water level of 4.01 fect.

The most accurate and rcliable estimate of recharge to the Pleistocene and
Pliocene(?) aquifer in the Salisbury area was obtained from streamflow and
precipitation records. The main source of error in estimates made by this
method are those caused by determination of precipitation over the area and

the method of separating ground-water runoff from total runoff. Streamflow
records of Beaverdam Creek measured at the dam on Schumaker Pond, and

precipitation records are available since 1930. Tt is assumed that the average
precipitation recorded at the Salisbury weather station during this relatively
long period is representative of the amount of water supplied to the drainage
basin above the gaging station at Schumaker Pond. The method of separating
ground-water runoff from the total flow of Beaverdam Creek, discussed in the
section on ground-water discharge, is considered to yield a conservative esti-
mate of the ground-water runoff. The ground-water runoff obtained from the
streamflow records is equivalent to what may be called the “effective recharge”
of the arca or the residue of the total recharge after extraction of water by
evaporation and transpiration from the water table. Based on the average
monthly ground-water runoff for 138 months, from the water year ended in 1932
to that ended in 1947, the average rate of “effective recharge” was 602,000
gallons a day for each square mile of drainage area, or about 30 percent of the
total precipitation.
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In some areas in which there is moderate to heavy pumping the effective
recharge may be increased. The lowering of the water table caused by pumping
from wells may decrease the quantity of water discharged by evapotranspira-
tion.

Recharge from sireams and ponds

Recharge may be induced also by pumping that is great enough to reverse the
normal hydraulic gradient toward the stream so that water enters the aquifer
from the stream. This form of induced recharge is of particular importance in
the determination of the *‘safe yield” of the Salisbury water supply. Prior to the
construction of the wells, swampy conditions existed in the area of the Salisbury
public-supply well field, and the water table was at or near the land surface.
This swampy area has been filled in and the area has been made into a municipal
park which includes, among other attractions, two small lakes or ponds, City
Park Pond and Upper Pond.

The velocity of the water through the two ponds is low, so that the collection
of sediment on their beds to form an impervious layer, especially on the bottom
of the Upper Pond which acts as a settling basin before the water enters City
Park Pond, might be expected. There was an excellent opportunity during
September and October 1947 to determine if the aquifer and the ponds are
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