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Plate 5.

Aerial photograph of Huckleberry, Savanna, and Sugar Hill,
"bays'' and smaller basins north of Milton. Huckleberry
bay is the large wooded oval near the center of the right
margin, Savanna bay is the second largest bay, trees
surrounding marsh meadow, due southwest of Huckleberry
bay. Sugar Hill bay is the oval in the center near the upper
margin, wooded on the west, cultivated on the east, and
transected by the W-E road. These features are interpreted
as sinkholes in the sandy flatlands formed by removal of
material by subterranean drainage.
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WATER RESOURCES OF SUSSEX COUNTY, DELAWARE
with a section on

SALT-WATER ENCROACHMENT AT LEWES

by

William C. Rasmussen,
Richard A, Wilkins,
Robert M. Beall,

and others

ABSTRACT

Sussex County is in the Atlantic Coastal Plain. Its relatively flat, fea-
tureless topography is characterized by two terrace-like surfaces; the lower
one rises from sea level to about 40 feet above sea level, and the higher one
rises inland from 40 to about 60 feet above sea level. Peculiar landforms of
low relief, broad ovals, similar to the '"Carolina bays, and to the "New
Jersey basing! are commeon on the sandy flat divides in Sussex County.
Hydrologically, they are sites of much ground-water discharge, by evapo-
transpiration, from meadow and marsh of lush vepgetation.

The geclogy of the county is structurally simple, It is characterized by
a sedimentary wedge which thickens southeastward from 3, 500 feet to more
than 8, 000 feet. The strata form a homocline which dips southeastward at
rates ranging from 10 to 70 feet per mile. Above the Paleozoic{?) and Pre-
cambrian crystzlline basement complex, are sediments of the Triassic(?),
Cretaceous, Tertiary, and Quaternary systems., Only the uppermost few
hundred feet of this column of sediments provide water to wells, The most
important aquifer consists of sand and silty sand of the Pleistocene series
and the Pliocene(?)} series which fill a valley system carvedon anow buried
surface of Miocene rocks. The Miocene rocks are relatively unconsclidated
clays and sands and contain several artesian aquifers which as of 1959 have
not been used extensively.

Streamflow records from four gaging stations in the county and two others
nearby, and base-flow measurements from eight additional sites in 1955-58
provide the basis for the surface-water analyses presented in this report.
From these records it has been possible to construct curves for each of the
seven major drainage basins, showing flow duration, low-flow frequency,
average discharge, storage requirement, and flood frequency.

In addition, chemical analyses of water from 20 strearn sites indicate
that the surface waters are low in dissolved solids and soft, but have a slight
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to excessive iron content. The pH ranges from 5.2 to 6, 7. The average
daily use of surface water in Sussex County is estimated at 11 mgd (million
gallons per day) based on 1957 data.

Sedimentary and hydrologic analyses of 32 samples taken from outcrops
indicate that the surficial sediments are medium-grained sands, having an
average porosity about 40 percent and an average coefficient of permeability
of 420 gallons per day per square foot. Such material is capable of a high
infiltration rate.

Analyses of 142 water samples from 97 wells reveal that the ground
waters are, ingeneral, low in dissolved-solids content, soft to slightly hard,
low in chloride, and that troublesome amounts of iron are present in some
wells, but absent in others. The pH ranged from 3.4 to 9.9,

Nearly all of the ground water used in the county is obtained from four
principal aquifers: about 74 percent is obtained fromthe Beaverdam sand and
the Brandywine formation which constitute the shallow water-table aquifers
of the Pleistocene-Pliocene{?) series; an additional 20 percent is withdrawn
from the Manokin aquifer of the Miocene series; and the remaining é percent
ig withdrawn from the Pocomoke and Frederica aquifers, alscof the Miocene
series.

Total use of ground water was about 19. 1 mgd in 1957, Industrial use
accounted for 11.5 mgd; municipal supply about 4.0 mgd; rural domestic uses
about 2 mgd; farm-stock uses about 1. 1 mgd; and irrigation about 0,4 mgd.

A special investigation of salt-water contamination was made at Lewes,
The city well field was contaminated by salt water during World War II,
owing to heavy pumping, coincident with the dredging of a canal half a mile
away. A new well field was constructed 1. 5miles inland in 1945 and expanded
in 1954. Well-field tests made in both those years indicate high potential
capacity for the field. At the old well field, in the period 1945t0 1954, pump-
ing was moderate to small and the quality of water returned to normal. This
indicated that the salt-water front had retreated due to fresh-water recharge.

It is estimated that at optimum use no more than 1 mgd per square mile
could be taken from ground and surface sources. It is very unlikely, however,
that such a large gquantity, and the requisite network of wells, pipes and check
dams, will ever be realized, However, it is concluded that there are large
quantities of water readily available fordevelopment in manyparts of Sussex
County.

Sussex County, Del, has adequate, and in places, abundant water re-
sources. During wet seasons water is in excess, both in the lowland areas,
and on the broad, swampy divides, so that extensive drainage is necessary,
In a few places, malodoreus, hard, or iron-containing waters present prob-
lems in treatment. Beneath a narrow strip along the shores of the Atlantic
Ocean and Delaware Bay, some salt-water encroachment has cccurred, In
the county-at-large, however, water of quality suitable for most purposes
can be developed from streamsor from wells in sufficient quantity for agri-
cultural, municipal, or industrial supply.
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INTRODUCTION
PURPQOSE AND SCOPE

Sussex County is predominantly rural, but in recent years there hasbeen
a trend toward manufacturing, and a corresponding growth of the towns.
Moreover, the shores facing the Atlantic Ocean have become a beach vaca-
tionland. In recent years, too, the farmers of Sussex County have begun to
irrigate from wells and ponds, as a supplement to the abundant, yet irregular,
rainfall, For many years, the high water table in much of Sussex County
has made drainage a continuing concern to farmers, road engineers, and
soil scientists.

Interest in irrigation, increased demand for water by the growing towns
and developing industry, intrusion of salt water at Lewes, Rehoboth, and
other coastal communities, problems of pollution abatement, and the effect
of the farm drainage program, have all created aneed for thegreater under~
standing of the water rescurces of Sussex County.

The purpose of this report is to present an evaluation of the water re-
sources of Sussex County with respect to the occurrence, magnitude of sup-
plies, quality, and utilization of both surface and underground waters, -Climate
is considered in relation to surface runoff and to the recharge anddischarge
of ground water. The peology of the county is considered in some detail,
especially as it pertains to the flow of surface water; the infiltration, reten-
tion, and discharge of ground water; and the protective cover which confines
some beds containing fresh ground water from pollution by waste products
or from contamination by salty marine water.

The surface-water resources have been evaluated by the operation of
seven gaging stations in and near Sussex County and by the measurement of
base-flow discharge at eight other selected sites. Although they are of rel-
atively short duration, the records for six gaging stations have been analyzed
and the results expressed in terms of flow duration, low-flow frequency,
storage requirernents, and flood frequency, Most of the results have been
adjusted to a long-term base period by correlation with records in nearby
States. The available fresh-water resources are evaluatedbydrainage basins
and the chemical quality of water is considered briefly.

The ground-water investigation included the systematic inventory of 1,203
water wells used for agricultural, industrial, domestic, and public supply.
Data on these wells are summarized in table 26 at the end of this report and
the locations of the wells are shown in plates 1, 2, 3, and 4. It is estimated
that these comprise about 10 percent of the wells in the county in represent-
ative geographic distributions. A greater effort was made to get complete
coverage on all high-capacity wells and on all drilled wells for which a well
log was obtainable. A total of 149 well logs, compiled irom records of well
drillers, are listed in table 27 at the end of this report.

The chemical quality of the ground water is considered in relation to the
geology, by area and peologic formation. Eleven water samples were taken

for complete analysis and 18 for partial analysis as a part of this investiga-~
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tion. In addition, 111 other water analyses were tabulated, some from pub-
lished sources, but others are published here for the first time.

The ground-water conditions in the vicinity of each town in Sussex County
are described with respect to rate of use in the period 1955-57 and to the
foreseeable need.

The investigation of the water resources of Sussex County was made by
the U, 5. Geological Survey, Water Resources Division, in cooperation with
the Delaware Geological Survey and the city of Lewes, Del. The investiga-
tion of the geology and ground-water resources was made under the direction
of A. N. Sayre, lormer chief, Branch of Ground Water, and H. C. Barksadale,
branch area chief. The investigation of the surface-water resources was
under the direction of J, V., B, Wells, chief, Branch of Surface Water, and
It 5. Wallace, branch area chief. It was under the immediate supervision
of J. W. Qdell, District Engineer. Johan J, Groot, State Geologist, directed
the state cooperation.

O.J. Coskery, engineering aid, Ground Water Branch, collected the data
on many of the wells described in this report, and D, H, Boggess, engineer~
ing technician, prepared the section on utilization of ground water.

LOCATION AND GENERAL FEATURES OF THE AREA

Sussex County is the southernmost and largest of the three counties in
Delaware, It is situated on the flat, almost featureless coastal plain border-
ing the Atlantic Ocean. Its position relative to the principal surrounding
physiographic features is shown on the block diagram of the middle Atlantic
area in figure 1. Erosion of the rocks of the Piedmont, the Triassic low-
lands, the Blue Ridge, the Appalachian Mountains and Appalachian Plateau,
has provided the gravels, sands, silts, and clays which mantle the surface
of Sussex County and rmake up the underground deposits toa depthof several
thousand feet. It is estimated that the area which is now Sussex County has
been on or near the border of the land and the seafor many millions of years,
because the sediments which underlie it are in part continental and in part
marine.

Sussex County lies between long., 75° and 75043' W. and between lat.
38027' and 38958' N. on the east-central part of the Delmarva Peninsula.
It is bounded on the north by Kent County, Del.; the Mispillion River form-
ing 2 considerable part of the boundary; on the northeast by Delaware Bay;
on the east by the Atlantic Ocean; and on the south and west by the State of
Maryland, Accerding to the United States Census of 1940 the land area of
the county is approximately 946 square miles or 605,440 acres.

In 1950 the total population of Sussex County was 61,336 persons and the
density of population was 64,8 people per square mile. In the 7 years follow-
ing the 1950 census the population of the county increased approximately 12
percent to an estimated 68,500 persons in 1957. About 19 percent of the
population, or approximately 13,000 persons, live in urban communities and
the balance live in rural areas. During the summer months vacationists

4
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from metropolitan areas outside the county, temporarily increase the popula-
tion to nearly twice the number of permanent inhabitants.,

Approximately 63 percent of the land area of the county is in farms,
having an average size of 118 acres, The total value of all farm products
sold in the county in 1957 was about 79.2 million dollars (McDaniel, 1958).
The sale of livestock products amounted to 65 million dollars, including 59.0
million for poultry products, 4,1 million for dairy products, and 1.9 million
for other livestock products. The remainder, or 14, 2 million dollars, rep-
resents the value of crop sales in 1957, Field crops accounted for about 7.2
million dollars, and vegetables and fruit for 5,1 million dollars. In order
of greatest acreage planted, corn, soy beans, and hay were the leading field
crops. The leading vegetable in acreage planted was green lima beans.

The major industries of the county include: (1) food processing plants at
Georgetown, Rehoboth, Bridgeville, and near Milton, (2} fertilizer plants on
the Lewes-~Georgetown road, and in and near the town of Laurel, (3) nylon
manufacturing plants in the Seaford area, and {4) ice manufacturing and cold
storage plants in Georgetown, Dagsboro, Rehoboth, and Bridgeville.

Other commercial enterprises of importance inthe county include motels
and restaurants located along the major highways of the county and the resort
facilities at the Delaware Bay and Atlantic shore area of Lewes, Rehoboth,
Dewey Beach, Bethany Beach, and Fenwick Island,

The navigable waterways, principally four bays, but also small streams
and fresh-water ponds, provide areas for operationof water-borne commerce
and industry., Small shallow-draft boats engaged in commercial fishing and
pleasure trips, gain access to points on the Delaware Bay and the entire
length of the eastern border of the county through two canals. The longest
is the Lewes~Rehoboth canal which is maintained over a distance of about 10
miles and at a depth of about 5feet. Somewhat larger ocean-going commer-
cial fishing and pleasure craft use the protected bay-harbors as bases for
their trips during the fishing periods,

Woodlands totaling 47.5 percent of the total land area of the county (State
Forester, 1955), provide raw material for several industries dependent on
forest products. Excelsior which is used in packaging is one of the impor-
tant forest products. Wood pulpis used inthe manufacture of paper or paper-
board, The timber resources provide lumber—for-homes, farm buildings,
factories, and warehouses.

PREVIQUS WORK

The first published report on the geology of Sussex County was one by
Chester (1885), in which he discussed the sands and gravels of southern Del-
aware. He correlated sand and gravel formations in southern Delaware with
sands and gravels of northern Delaware which had beendescribed in a paper
published the previous year (Chester, 1884), He described white sands in
Sussex County which he called Estuary Sands because he helieved they were



formed under estuarine conditions, contemporaneous with fluviatile deposi-
tion farther north,

Woolman {1894) gave the first description of the subsurface deposits of
Sussex County, in a log of an artesian well drilled to a depth of 400 feet at
the old gquarantine station, now included in the Fort Miles army post, He
also studied and described the lithology and paleontolegy of a well drilled to
a depth of 1, 080 feet at Lewes in 1898 (Woolman, 1899).

Darton (1896, 1905)describedthe artesian well prospects of Delaware and
presented geologic crosg sections which passed through Milford and Lewes,
Mathews (Clark, Mathews, and Berry, 1918, p. 485-489) gave a brief de-
scription of ground water in Sussex County in relaticn to geology.

A study of municipal water supplies of the State of Delaware wag presented
by Weaver (1928) as a thesis at the University of Delaware, Although the
paper is primarily concerned with the engineering aspects and the chemical
character of the water supplies, it reported the yields and depths of several
municipal wells in Sussex County.

Eastman and Beckett, (1931) reporting on 30 public water supplies and
a few private supplies, described the supplies of several towns in Sussex
County., As in Weaver's thesis, the emphasis is on engineering aspects;
however, a table of chemical analyses is included.

A guideboock (Stephenson, Cocke, and Mansfield, 1932), the Chesapeake
Bay region, prepared for the Sixteenth International Geological Congress
presented a discussion and a geologic map which includes Delaware.

A paper on the fauna of the Pleistocene series of the southern Atlantic
Coastal Plain included a study of fossils fromfour locations in Sussex County
(Richards, 1936). In 1945, Richards (1945a, 1945k} described the stratig-~
raphy of the Atlantic Coastal Plain presenting well logs from Lewes and
Bridgeville. A geologic study of Delaware by Richards was published in the
book "Delaware, a2 History of the First State' (1947b). In 1948 a revision of
Richards' earlier work on the Coastal Plain of Delaware was published with
additional logas from Seaford, Milford, and Lewes {Richards, 1948).

The first systematic records of ground-water levels were begun in 1944
by the U. 8. Geological Survey{DeBuchananne, 1947)at Lewes, and continued
until 1949 (DeBuchananne, 1948, 1949; Birdsall, 1951a, 1951b, 1952). In
1950 the first State-wide network of observation wells was established and
six wells in Sussex County were measured at monthly intervals (Andreasen,
1953; Marine and Rasmussen, 1954; Marine, 1955; Boggess and Coskery,
1955; Coskery and Boggess, 1956; Coskery 1956; and Coskery and Rasmussen,
1958}, Streamflow records for this area are published annually by the U, S,
Geological Survey in the Water~Supply Paper series entitled "Surface-watex
supply of the United States, Part 1" {Part 1B after 1950).

Spangler and Peterson {I950) ina paper onthe Coastal Plain of New Jersey,
Delaware, Maryland, and Virginia presented geologic structure and isopach-
ous maps of the principal stratigraphic units,
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In 1953 a report (Rasmussen and Haigler) was published concerning the
effect of the farm drainage program in Sussex County upon roads and aprob-
lem in subdrainage of a road near Laurel., Water analyses from wells at
Milford and Seaford were published in 1953 (Lohr, and others, p. 5, 8), and
republished, along with analyses from wells at Lewes in 1954 {Lohr and Love,
p. 85-87, 89) by the U. 5. Geological Survey.

A preliminary report on the geclogy and ground-water resources of Del-
aware (Marine and Rasmussen) was published by the Delaware Geological
Survey in 1955, In the same year estimates were made of the magnitude of
the ground-water supply in Delaware {Rasmussen, 1955) stressing the impor-
tance of the Pleistocene and Pliocene{?} aquifer in Susgex County,

In 1958 the Delaware Geological Survey published a report containing a
geologic cross-section of the State (Rasmussen, Groot and Depman}). A
stratigraphic interpretation of two deep wells, one at Milord and one at
Bridgeville, was included in the crogs-section.

METHODS

Almost 97 percent of the wells in Sussex County are less than 100 feet
deep. Therefore, knowledge of the geology of the deeper deposits is derived
chiefly from regional considerations, based on six deep wells in the county,
and three deep wells in nearby locations on the Eastern Shore of Maryland
{ Anderson, and others, 1948},

Thenear-surface formations of the Pleistocene series and Recent series,
have been studied in all exposures that could be found in 1955-56. Qutcrops
shown on the well maps, plates 1 to 5, are designated by the capital letter
within each lettered quadrangle; for example, the State gravel pits 4 miles
east of Georgetown are designated by the capital letters A and B in the Og
quadrangle on plate 1. Grain-size analyses and tests of hydrologic proper-
ties of samples from the surface exposures are reported in tables 14, 15,
and 16 under the appropriate symbol, Outcrop descriptions areon file at the
District office, U. 8. Geological Survey, and at the Delaware Geological
Survey, both in Newark, Del,

To obtain detailed information on the shallow subsurface materials, 32
test holes, totaling 2, 147 feet in depth, were augered with 2 mobile power
auger.

These and other subsurface data were analyzed by means of 1563 graphic
strip logs and 54 sand logs (grain materials from each sampled depth cemented
to a strip log), Tentative correlations with subdivisions of the Pleistocene
and Miocene series adopted for the eastern Shore of Maryland (Rasmussen
and Slaughter, 1955), were made on the basis of lithology and stratigraphic
posgition. Because no fossils were found inthe Pleistocene series, the litho-
logic correlation rests upon coler, texture, and composition.

In orderto understand the petrographic origin of the Pleistocene series,
and as a posgible additional aid in subdivision and correlation the heavy min-



erals of the sands of 34 samples from 11 outcrop localities were separated
out, mounted in canada balsam on slides, and identified with the petrographic
microscope. These data are on file with the Delaware Geological Survey,
University of Delawarae,

Size analyses were made of a quartered fraction of each of the 34 sam-
ples studied petrographically and on 32 more samples from some of the same
and six additional localities. The grain size distributions were plotted on
arithmetic probability paper, and measures of the average size, dispersion
or sorting, and asymmetry of the distribution, were computed. The 32 sam-
ples were also tested for porosity and permeability to evaluate storage and
infiltration possibilities in the shallow earth materials,

The coefficients of storage and permeability were estimated froma con-
trolled well-field test using nine large-~capacity wells of the town of Lewes,
The hydraulics of the aquifer of Pleistocene age in the vicinity of Lewes is
shown tobe favorable for the development of additional large-capacity wells.

The problem of salt-water contamination at Lewes and Rehoboth was re-
viewed and the extent of salt-water intrusion along the beach and bay shares
was eStimated inageneral way, by means of chemical analyses from specific
wells.
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WELL-NUMBERING SYSTEM

Wells are identified by a specific letter-number designation. In this
system the State of Delaware is divided into 5-minute quadrangles of latitude
and longitude, lettered from north to south by capital letters from Ato R,
and west to east by lowercase letters from a to j. Each quadrangle is thus
indicated by two letters, the capital letter being given first. Each 5-minute
quadrangle is further subdivided into 25 one-minute gquadrangles. These 1-
minute quadrangles are numbered from west to eastby five consecutive digits
from 1 to 5 in the units place, and north to south by five consecutive digits
from 1 to 5 in the tens place. This 2-digit quadrangle designation is followed
by a hyphen, In each l-minute quadrangle wells are numbered consecutively
in the order that they were scheduled. The well locations are shown on the



four quadrant maps, plates 1, 2, 3, and 4, and in insets designated thereon.
The explanationonthe plates illustrates graphically the number system, For
example, well Mi21-2 is shown on plate 1 in the Mf 5-minute guadrangle. It
lies in the l-minute quadrangle No. 21, and was the first well scheduled in
this small quadrangle. The descriptive informationfor each well is summa-
rized in table 26.

GEQGERAFPHY
CLIMATE

Sussex County is at the northern edge of a climatic zone which is damp
and temperate, and precipitation is equally distributed throughout the year,
It has a long, hot summer, of which the warmest month is July, having an
average minimum temperature of 69, 40F. Climatological data have been
recorded at eight stations located at or near Bridgeville, Georgetown, Lewes,
Milford, Selbyville, Millsboro, Laurel, and Seaford, although only the first
five were operative in 1957. Information about the specific locations and
periods of history is contained inthe U. S, Weather Bureau publication "Sub-
station History, Maryland and Delaware' (1956}.

Precipitation and temperature have been recorded during 67 years of
record at Bridgeville {1891 ~ 1357), and 73 years of record at Milford {1858,
1869—1878, 1893-1944, 1948-1957). The highest annual precipitation was
66,49 inches recorded at Bridgeville in 1948 (measurements were incomplete
at Milford that year). The lowest annual precipitation was 21.06 inches at
Milford in 1858 and 25.72 inches at Bridgeville in 1930, The highest temper-
ature recorded was 105°F at both Bridgeville and Miliord on July 10, 1936,
The lowest temperature recorded was -14°F at Bridgeville, Jan. 11, 1942.
Figure 2 shows the relationship between summer and winter temperatures,
the periods of high and low water table, and the periods of excessive rainfall
and drought, The fluctuations in water level and stream flow are discussed
in later sections.

Observations of evaporation and wind movement have been reported by
the U, 5. Geological Survey at Salisbury, Md., 7 miles south of the Sussex
County line, for a period of 2 1/Z years, from January 1952 through July
1954, Wind and evaporation observations were made at the University farm,
5 miles southwest of Georgetown, Del., for several months in the years 1954
to 1957, During the years of continuous record at Salisbury, Md., 1952 to
1954, the maximum monthly evaporation was 9.44 inches in July 1953, and
the average monthly evaporation during the hottest months was 8, 20 inches.
The minimum monthly evaporation was 1,21 inches in January 1954, and the
average monthly evaporationduring thethree coldest winter months was 1.62
inches,

DRAINAGE
Natural drainage in Sussex County is divided by a low, poorly drained,

and often swampy ridge, trending generally northwestward from Selbyville
to Georgetown and Staytonville. This divide area separates drainage into
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Chesapeake Bay tothe southwest from drainage eastward into Delaware Bay
and the Atlantic Ocean.

The county can be considered as encompassing at least seven principal
drainage areas (pl. 8). The largest of these, the Nanticoke River basin,
includes about 40 percent of the area of the county. This river system drains
southwestward to Chesapeake Bay; the river is navigable to Seaford and Laurel,
Marshy Hope Creek, a principal tributary of the Nanticoke, drains a rela-
tively small and thinly populated area inthe nerthwest portion of the county,
Its headwaters are in Kent County andthe major part ofthe basin isin Mary-
land where it joins the Nanticoke., Two other tributaries of the Nanticoke,
Gravelly Branch and Deep Creek, originate in poorly drained areas near
Redden and Georgetown, Broad Creek (on some maps shown as Laurel River)
drains 2 large area of southwestern Sussex County and is tributary to the
Nanticoke about 2 miles upstream from the State line,

The second largest drainage basin is that of Indian River (including Indian
River and Rehoboth Bays) which, above Indian River Inlet, includes almost
one quarter of the county area, The principal streams in this basin are the
Rehoboth Bay tributarjes, Love and Herring Creeks, and the Indian River
Bay tributaries, Indian River, and Pepper, Vines, and White Creeks, There
are coastal interconnections inthe tidal parts ofthe basin through the Lewes
and Rehoboth Canal to the north and through the Assawoman Canal to the
south, There are also drainage ditch interconnections in the southern head-
water area in which the Pocomoke River also originates.

The several streams of the northeast gquarter of Sussex County are some-
what arbitrarily grouped into two basins: Mispillion River and Broadkill River,
The major streams of the Mispillion River basin are the Mispillion River
and Cedar Creek which are in separate, but parallel, subbasins having a
common outlet. Tothe south ofthis system lies the more involved Broadkill
River basin in which the coastal parts of Primehook Creek, Broadkill River,
Old Mill Creek, and Canary Creek are ditched or channeled to Roosevelt
inlet,

About 50 square miles inthe southeastern corner ofthe county is drained
principally by Miiler, Dirickson, Roy, and Greys Creeks, into the Assa-
woman Bay, In a similar sized area on the south-central border of the
county are the headwaters of the Pocomoke River basin which drain south-
ward through Maryland to Chesapeake Bay. A very small partof the southern
border area in the vicinity of Delmar is in the Wicomico River basin which
drains southwestward to Chesapeake Bay.

A total of 40,204 acres of the county is described as wetland in the in-
ventory of the State designed to accomplish 100-percent coverage of all im-
portant wetland areas for use by wildlife, These wetlands are the feeding
grounds of the greater snow goose, a tremendous number of willets a.nd rails,
and a great variety of shore birds and herons,

In the past 10 years projects of the Soil Conservation Service have done
much to drain and clear water-logged land in Sussex County. This activity
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includes, through 1957, construction of 977 miles of farm drainage ditches
and clearing of 2,037 acres of land, Other work includes soil leveling, ob-
gtruction removal, improvement of old ditches, installation of culverts, and
the dredging of farm ponds to provide water for irrigation. Under the Water-
shed Protection Program (Public Law 566), an improvement project was
approved in June 1956, for 4,523 acres of the Bear Hole ''watershed' in the
headwaters of Dirickson Creek between Frankford and Selbyville.

GEOMORPHOLOGY

Geomorphology is a study of landforms and of the geologic processes
which develop themn. The distribution of marshes, swamps, and bays in the
west and south sections of Sussex County seems to suggest a control imposed
by channels of Pleistocene or earlier age. Basins and "bays' onthe surface
of these sediments indicate the recent history of interaction of soil, water,
and atmosphere, to form sinkholes inthe sandy flat lands (Rasmussen, 1958),
The occurrence, distribution, and relative age of the bar and dune features
suggest the recent modifications of the land surface by the action of ocean
water and the wind., A study of stream drainage patterns and gradients in-
dicates the temporary stability of the coastal plain deposits inrelation tothe
underlying rocks. The presence of terraces is evidence of periods of high
water stages under fluvial or marine environments.

Marshes, Swamps, and Bays

Low slopes, moderate rainfall, and poor drainage function to maintain
marshes, swamps, and bays in many large and small drainage courses,
These poorly drained areas provide a habitat for extensive wildlife (U, 5. Fish
and Wildlife Service, 1953). The distinction between marshes and swamps
is made on the basis of the type of vegetation. The marshes contain vari-
eties of grasses and thc swamps centain trees or shrubs such as gum, ash,
willow, or alder.

Marghes cover large areas along the shores of Delaware Bay and the
Atlantic Ocean, Because they are flooded frequently by saline or brackish
water the marshes are described as "salt meadows." Although the soilin
these areas is water-logged most of the time, it is covered by water only
during storms or other higher-than-average tides. The vegetation is pre-
dominantly saltmeadow cordgrass but includes also patches of saltgrass,
and, in the fresher parts, threesquare and fleabanes, Practically all of the
marsh area of Sussex County has been ditched to lower the water table and
eliminate ponds of standing water which serve as breeding areas for mos-
quitoes.

Swamp areas in Sussex County are widely scattered, In the central part
of the county alarge area ig locally called '""Ellendale Swamp." Anotherlarge
swamp in the southern part, west of Selbyville, is called Cypress Swamp,
Cedar Swamp, or Burnt Swamp. The swamp areas are often covered with
as much as a foot of water. The vegetation consists of trees such as sweet
gum, red maple, ash, and willow.
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Prominent bays in Sussex County are located on the eastern border along
the Atflantic shore. They are Rehoboth Bay, Indian River Bay, and Assa-
woman Bay. Streams flowing eastward bring fresh surface water into the
bays. Sea water enters from the Atlantic Ocean through inlets, and mixing
of these waters causes the bay water to be brackish.

"Basins' and "Bays"

In addition to the popular use of the term basing to refer to the drainage
area of rivers and creeks, and to the use of the term bays to refer to large
bodies of water connected to the sea, there are small irregular undrained
depressions or hollows which geologists call 'basins,' and there are some-
what larger, oval, oriented depressions or hellows, similar te the '"Carolina
bays, " which will be referred to here as "bays' in quotation markas.

"Bays! and'"basins" occur inthe surficial sediments throughout the county
onthe broad interstream divides. They have been recognizedon topographic
maps, aerial photographs, and by observations inthe field, Their diameters
range from about 150 to 3,500 feet. The relief, from the center of the de-
pression to the rim, appears tovary with the size ofthe feature, the smaller
basins having a relief of about 5 feet and the larger basins 10 to 23 feet, The
"bays' and "basins' are found atall altitudes, from those on coastal marshes
at sea level, to those on the terraces at 60 or more feet abave sea level.
Three large '"bays'" and numerous smaller '"bays™ and '"basins" near Milton
are shown in the aerial photograph, plate 5, This group is somewhat better
developed and more concentrated thanthose in most other areas inthe county.

Many hypetheses of origin have been applied to "bays' and "basins:"
showers of meteors, rotating currents, stranded icebergs, frost-thaw lakes,
and others, Studies made in Sussex County, and elsewhere, indicate that the
origin of these features is related to the movement of shallow, unconfined
ground water. The differential removal of colloidal and fine clay-sized ma-
terial by slowly percolating ground waters beneath the initial low spots on a
newly-formed sedimentary plain is believed {o canse the initial development
of sinkholes in sandy flatlands. Thoge sinkholes situated mostadvantageaously
with respect to the water-table, as it fluctuates during the wet and dry sea-
sons, enlarge and sometimes capture smaller sinkholes. Presumably, some
of the depressions contain water all, or almost all, of the year. These are
gradually modified by wind and wave from irregular depressions to well-
shaped ovals, approaching perfect ellipses; their long axes oriented in a
northwestern direction, Thus, the ''basins' become "bays" in a compound
origin.

Bars and Dunes
Landforms along the coastline of Sussex County consist principally of
sand features, which are prominent on aerial photographs and maps of the

county. These features include bay-meouth bars, spits, and shoreline dunes,

Sand bars form the shore of Sussex County along the Atlantic Ocean and
Delaware Bay. The bars are land-tied and extend across Rehoboth Bay,
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Indian River Bay, and Assawoman Bay. The bar at Indian River is pierced
by the Indian River Inlet through which the tide moves in its periodic surge.
The inlet, the principal connection between the waters of the bay and the
ocean, is a popular fishing site and provides a channel for small fishing and
pleasure boats,

Cape Henlopen, the prominent point of land protruding into Delaware Bay
near Lewes, is atypical feature of bay andocéan environment, It was formed
of sand that was deposited by the circulating bay and shore currents inaman-
ner somewhat similar to longshore bars. These land-tied sand bars are
called spits. The Cape Henlopen spit forms a natural eastern protection for
the harbor at Lewes,

Dunes in Sussex County are known in two locations, along the eastern or
Atlantic Ocean border of the county on barrier islands, and along the south
bank of the Nanticoke River in the southeastern part of the county near Sea-
ford,

Most of the dunes alongthe Atlantic coast are typical barrier-beach fea-
tures of the modern shoreline. They lie at altitudes from asea level to about
25 feet above sea level. Scattered interdune areas near sea levelat Ft, Miles
were observed to contain thin black sandy deposits in which remnants of tree
stumps or roots are found., These areas were formerly swamps on which
wind-blown sand has accumulated to form dunes.

Terraces

The surface of Sussex County is beveled by at least two, and perhaps as
many as five gently sloping surfaces, designated terraces. The country is
so flat that the boundaries of these surfaces are difficult to obaserve in the
field. The boundaries are marked by low scarps, having relief of the order
of 5 feet per 100 feet, or by chains of low sand ridges, which are stabilized,
and commonly are obscured by vegetation, On topographic mapsofa 10-foot
interval, the most prominent scarp is indicated only by a gentle gradient
between the 20-foot and 30-foot contour lines. On aerial photographs, how-
ever, evidence of a terrace a few feet above sea level is apparent in some
places,

Question has arisen ammong geoclogists as to whether the terraces were
formed under marine conditions during higher states of the sea, or by large
rivers, debouching from the ice front of the Pleistocene glaciers, In favor
of the marine interpretation is the observation, challenged by some, that the
similar terraces extend alongthe Atlantic Coastal Plain from Long Island to
the Florida peninsula, Of those terraces that may exist in Sussex County,
the following names and range in altitudes above sea level have been given
{Cook, 1930); Silver Bluff, 0 to 6 feet; Princess Anne, 6 to I5 feet; Pamlico,
15 to 25 feet; Talbot, 25 to 40 feet; and Penholoway, 40 to 70 feet.

OUTLINE OF GEOLOGY

The geology of Sussex County appears very simple to the casual observer,
Loose sand and silt, and peaty clay compose the surficial materials, Only
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when the subsurface materials are studied by means of well logs and drilling
sarmnples does the geologic picture emerge. The facts and possibilities are
briefly sketched inthe following outline of the geology, as anecessary frame-
work for the discussion of the flow of surface water and the occurrence of
ground water.

STRUCTURE AND STRATIGRAPHY

The sedimentary strata that underlie Sussex County lie ona sloping hard
rock floor which lies from about 4, 000 to more than 8, 000 feet below land
surface, A vertical cross-section through sedimentary material and the un-
derlying crystalline basement, showing the regional structure, is presented
in plate 6. Rocks similar tothose composing the basement are exposed in the
hills ofthe Piedmont Plateau around Wilmington, Del., Baitimore, Md., and
Washington, D, C. The surfaceofthis basement complex slopes gently south-
eastward toward the Atlantic Ocean at an average rate of approximately 60
feet per mile. No well in Sussex County has penetrated to a depth great
enough to reach the basement, but two ocil-test wells onthe Eastern Shore of
Maryland, a few miles south of the Sussex County line, intersect the base~
ment more than a mile below land surface. Apparently, the basement sur-
face beneath Sussex County lies near the center of a regional depression, the
sides of which rise gently northeastward toward New Jersey and southwest-
ward toward the Cape Fear Arch of the Carclinas,

Seismic refraction studies along the Coastal Plain suggest that the base~-
ment complex beneath Sussex County consists of crystalline rocks, probably
of Precambrian or Paleozoic age. In addition, sediments of presumed Tri-
assic agearebelievedto form part of the basement complex of Sussex County,
owing to the tentative identification of 120 feet of such rpaterial in the two
oil-test wells onthe Eastern Shore of Maryland{Anderson, and others, 1948).

The rocks overlying the basement complex are unconsolidated sediments
which lie in layers upon the sloping basement. Generally, the thickness of
the unconsolidated layers increases southeastward, in the direction of re-
gional dip, forming a series of wedge-shaped strata. This homoclinal geo-
logic structure predominates throughout the subsurface of Sussex County.
Regional structural relationships of the rocks of New Jersey, Pennsylvania,
and Maryland, are shown in the block diagram of figure 1.

Sediments which have been identified as Cretaceous in age were encoun-
tered near Bridgeville in oil-test wells, OdZ3-1 and Od23-2, at a depth of
about 1, 330 feet. It is thought that the depth to the top of the Cretaceous
ranges from 1, 000 feet below sea level in northwestern Sussex County to
2, 100 feet below sea level beneath Fenwick Isiand in southeastern Sussex
County. As shown in the geologic cross-section {plate 6), the Cretaceous
system ranges in thickness from about 2,000 feet onthe west to almost 5,000
feet on the east, The intake area for water in the sands in the Cretaceous
system comprises a strip a few miles wide, extending east from the Fall
Line and traversing a belt from Washington, D. C., through Baltimore, Md.,
Wilmington, Del,, and Camden, N, J., lying in general, 40 miles updip from
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Sussex County. Additional water enters the sands of the Cretaceous system
by leakage from overlying beds.

The Tertiary system unconformably overlies the Cretaceous system. In
Delaware, the Paleocene, Eocene, Miocene, and Pliocene(?) series have
been identified, and the Oligocene series is regarded as absent,

The Paleocene series has been identified in well Od23-1 on the basis of
Foraminifera of Midway age (Richards, 1945a, p. 200). It forms a marine
unit believed to be about 200 feet thick, and to underlie the entire county at
a depth ranging from about 600 feet below msl on the northwest, to about
1, 800 feet below msl on the southeast. It consists of greensand and shale,
which are possibly equivalent tothe Brightseat formation of Maryland (Bennett
and Collins, 1952) and the Hornerstown marl of New Jersey.

The Eocene series overlies the Paleocene series conformably., It has
been reached and. identified, on the basis of microfossils, in three wells in
Sussex County, at Seaford, Milford, and the oil test (Od23-1) near Bridge-
ville. It was possibly also reached in the old deep well at Lewes (Woolman,
1899) although the science of micropaleontology was not sufficiently advanced
at that time for recognition ofthe upper Eocene. Although the data are mea-
ger, on the interpretation of plate 6, Eocene rocks appear to range in thick-
ness from 100 to 400 feet,

Gray sediments of the Miocene series overlie the green sediments ofthe
Eocene series unconformably because during the Oligocene epoch, which in-
tervened between the deposition of the two, there was either nondeposition,
or sedimentg that were deposited were later eroded. In Kent County, Del,
the Miocene sediments overlap the Piney Point formation of late Eocene age.

The unconsolidated rocks of the Miocene series in Sussex County have
been divided into four formations: the Calvert, Choptank, and St. Marys for-
mations; and the Cohansey sand (Miccene?}. The Calvert, Choptank, and
St. Marys formations of the Chesapeake group of Maryland {Rasmussen and
Slaughter, 1957) are considered on the basis of lithology and siratigraphic
position to be equivalent to the Kirkwood formation of New Jersey.

The Cohansey sand was first defined in New Jersey by Kummel and Knapp
{1904, p. 32}, for exposures ofa light-colored mediumto coarse quartz sand,
containing layers of clay up to 24 feet in thickness. Richards {1956, p. 86)
says that the Cohansey sandin New Jersey is as much as 250ieet thick down
dip from the outcrop. The absence of marine fossils and the presence of
lignite indicate that the Cohansey sand was deposited in & nonmarine envi-
ronment, The Cohansey sand is regarded by some geologists as the shore-
ward facies of the marine Yorktown formation of Virginia.

The Pliocene(?) series is represented in Sussex County by deposits of
unfossiliferous red or orange gravelly sands as evidenced by wells at Bridge-
ville, Seaford, Laurel, Lewes, and Millsboro (see plate 10). Following in-
terpretations of Rasmussen and Slaughter (1955, p, 103-108; 1957, p. 78-80)
for six counties of the Eastern Shore of Maryland, these deposits are con-
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sidered to be fluviatile in origin and are correlated on the basis of regicnal
structure and dip, with the Brandywine formation of the western shore of
Maryland.

The Pleistocene series in Sussex County hasbeen studied in detail because
it forms the major aquifer, During part of the Pleistocene epoch, sea level
was much lower than at present, and valleys were excavated in the Plio-
cene{?) and Miocene sedimentary rocks. The unconsclidated sediments of
the Pleistocene series were deposited in these channels. Much of the depo-
sition occurred during the advance and recession of huge ice sheets which
covered the northern half of North America during four major stages, The
active frontof the ice came as far south as Long Island, northern New Jersey,
and central Pennsylvania. Large volumes of melt-water came downthe Sus-
quehanna and Delaware Rivers, and were carried down to Sussex County.

About 10, 000 years ago, the Recent epoch began. The flora resembled
that which covers theland today, and the development of soils onthe Pleisto-
cene deposits, the filling of the swamps and marshes, the formation of coastal
dunes, and the deposition of the modern beach began,

Table 1 summarizes the geologic formations and their water-bearing
characteristics,

PALEONTOLOGY

Paleontology is the study of the evidences of the life of the past as pre-
served in the rocks., These evidences are fossils, a term which includes
actual remains or traces of plant or animal life imbedded in successive
layers of sand, silt, or clay. By means of these fossils, the sequence of
deposition and the environment in which the organisms lived or died may be
ascertained,

The paleontologic work done in Sussex County up to 1958 is meager. This
is due partially to the fact that the surface exposures are sands and silts of
the Pleistocene epoch which are essentially barren fo fossils representative
of animal life, Moreover, few holes have been drilled through the Pleisto-
cene series tothe underlying fossiliferous Tertiary formations, and of those
which have, only a few efforts have been made to collect and study samples,
One of the most promising avenues of investigation is the study of fossil
pollen in organic layers in the Pleistocene series and the Miocene series.
Correlation with glacial and interglacial stages may be established by study
of the pollen sequence, aided by measurements of age by the carbon-14
method.

Fossgiliferous pebbles havebeen found insand pits at Gravel Hill, 2 miles
southeast of Lincoln, and at numerous other locations throughout the county.
These pebbles represent reworked and redeposited chert, and are a clue to
Paleozoic source areas of the gravel, but they are not of correlative value
for the deposit itself,

In excavations of the Lewes and Rehoboth Canal, the Assawornan Canal
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near Ocean View, andthe Indian River Inlet, shells of Recent or Pleistocene
age were collected from elevations about at sea level {(Richards, 1936).

Deep wells at Milford, Seaford, Bridgeville, and Lewes provide fossil
evidence of correlative value in deposits ofthe Miccene, Eocene, Paleocene,
and Upper Cretaceous series. Wells in Cape May County, N. J., and the
Eastern Shore of Maryland provide evidence inthe adjacent areas, Thekinds
of fossils preserved include shark teeth, bryozoa, and shells of pelecypods
and gastropods. Remains of diatoms {microscopic algae which secrete sili-
ceous shells)and coccoliths {calcareous secretions of one-celled plants) have
been found. Some lignite, or altered vegetal material and pollen is also pre-
served, A summary of available paleontologic evidence is presented intable 2,

SURFACE WATER

By Robert M. Beall

The waterways and water resources have had a dominant influence onthe
settlement and development of Sussex County. The tidal estuaries of the
Mispillion, Broadkill, Indian, and Nanticoke Rivers provided access to the
fertile lands beyond the marshy coast. The principal communities were es-
tablished near the heads of the tidal rivers where dams were built toharness
waterpower for the mills and where shipping could import and export prod-
ucts. As early as 1726, a law was passed forbidding the construction of
dams across rivers except for the use of mills, During the century that
followed, the utility of the surface waters contributed significantly to the
economic growth of the county, Following the mid-1800's there was a gen-
eral decline in the importance of the rivers and creeks as mills converted
to steam power and railroads provided an improved form of transport, Many
navigable channels and mill ponds lost their utility because of siltation.

The usually shallow water tables, productive soils, andtempered climate
have fostered an extensive agricultural development that has dominated the
economy., The principal current role of the streams and their natural or
improved channels is thatof providing a means for the disposal of municipal
and industrial (principally agricultural) wastes, and for the drainage of sur-
plus water from fertile but wet and unworkable areas.

The use of surface waters for recreation, supplemental irrigaticn, and
conservation has been increasing in recent years. The interior areas, in
particular, have experienced droughts whereas the lower stream reaches
and shallow valleys are subject to flooding when the ground becomes satur-
ated and gradients are too slight to carry off accumulated excess water,
Streamflow measuring stations have been established to obtain some quan-
titative knowledge of the ever-changing supplies of fresh water. Specific
information about the magnitude and variability of water resources is essen-
tial to their full utilization and effective administration in the interest of all
of the potential users.
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GENERAL PRINCIPLES

Records of stage and measurements of discharge are the base data col-
lected at stream-gaging stations. In addition to these data, observations of
factors affecting the stage-discharge relation and weather records are used
to supplement base data in determining the daily flow. The recerds of stage
are obtained either from direct readings on a nonrecording gage or from'a
water-stage recorder that gives a continuous record of fluctuations. Meas-
urements oidischarge aremade witha current meter bythe general methods
adopted by the Geological Survey. These methods are described in Water-~
Supply Paper 888 {Corbett, and others, 1945) and are also outlined in stand-
ard textbooks on the measurement of stream discharge. Typical structures
in use at gaging stations are shown in plate 7,

Definition of Terms

The units in which hydrologic data are given and some ofthe terms used
in this report are defined as follows:

Cubic foot per second {cfs} is the rate of discharge equivalent to that of
a stream whose channel is 1 square foot in crosg-sectional area and whose
average velocity is 1 foot per second.

Cubic feet per second per gquare mile (cfem) is the average number of
cubic feet of water per second flowing each square mile of area drained,
assuming that the runoff is distributed uniformly in time and area.

Million gallons per day per square mile {mgdsm) is defined in the same
manner as the previous term and conversion between terms may be made
with the following constants:

1 cfs = 448.8 gpm = 0. 6463 mgd
1 mgd = 694.4 gpm = 1.547 cfs

The drainage area of a stream ata specified location isthat area, meas-
ured in a horizontal plane and usually expressed in square miles (sq mi},
which is so enclesed by a topographic divide that direct surface runcff from
precipitation normally would drain by gravity into the river above the spec-
ified point. This definition is difficult to adhere to in some of the swampy
headwater areas where drainage ditches cross the natural divides andin the
coastal tidal marshland which is fed by numerous streams whose lower ex-
tremities are interconnected by ditches and by navigable canals with ocean
outlets.

A water year begins October 1 and ends September 30 and is the annual
period for which mest streamflow data are reported. Normally, minimum
flows occur near the end of the water year. Another annual period, April 1l
to March 31, encompassing the low-flow season, is sometimes used in the
study of low-flow characteristics.,

One part per million {ppm) is a unit weight of a constituent in a million
unit weights of water. In the chemical analysis of water samples, it is nec-
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essary to determine the presence of various substances usually found in
minute amounts; therefore, the results are usually expressed in parts per
million rather than in percentages. One part per million equals one ten-
thousandth of one percent (0. 000) percent).

Records Available

The major river basins of Sussex County drain eastward to Delaware
Bay or the Atlantic Ocean and southwestward to Chesapeake Bay as shown
on the block diagram, figure 1. Streamiflow records for four gaging stations
inthe county and two other stations nearby provide thebasis for the analyses
presented in this report. Two more stations have been established in the
area recently -- one in the county andone in Kent County. In addition, peri-
odic or occasional measurements of flow have been made at ten selected sites
in the area. The data have been collected by the U. 5. Geological Survey in
cooperation with the States of Delaware and Maryland and with the Corps of
Engineers, U. 5. Army.

Streamflow records have been collected for the relatively short period
since 1943, and at only two sites in the county for that length of tirme. Thus,
no detailed information is available for the drought of the early thirties or
the significant floods of the midthirties. The drought of -1954 ranks fifth in
magnitude tothe droughts recorded in adjacent States during the period 1896
to 1958,

The length of record available for each of the gaging sites is indicated
on the bar graph in figure 3, The sites are shown onthe drainage-basin out-
line map, plate 8, the numbers corresponding to those on the bar graph.
Daily discharge records, and a monthly and yearly summary, are published
in Part 1{Part 1-B subsequent to 1950) of the U, 5, Geological Survey watex-
supply paper series entitled "Surface Water Supply of the United States, '
The observed monthly and yearly data for six gaging stations in the report
area havebeen summarized in table 3 which includes the meandischarge and
the monthly maximum and minimum discharges with their years of occur-
rence. The data for Nanticoke River near Bridgeville is presented graph-
ically in figure 4.

Results of base-flow measurements made during the period 1955-58 at
eight sites within the county are summarized in table 4. Asummary of monthly
data for two partial-record gaging sites in Maryland which reflect conditions
in small areas of southwestern Sussex County was published by the Maryland
Department of Geology, Mines and Water Resources (Rasmussen and Slaugh-
ter, 1955). These data are discussed later in this report.

The drainage areas of some of the principal streams and at the gaging
gites within each major basin are listed in table 5. The figures of drainage
area are provisional and subject to considerable modification when time will
permit their determination from the latest map series, Because of the poor
topographic definition, these determinations should be supplemented by field
surveys and investigations and by the information contained in files of drain-
age and highway engineers and others, Some areas in the headwaters and
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Figure 4. Monthly discharge, Nanticoke River near Bridgeville.
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Table 4. -- Results of base-flow discharge measurements

at sites other than gaging stations

Index Drainage
no. Site area Date Bischarge
{pl. 8) {sg mi) {cis)
2 Cedar Creek 7.21 June 29, 1955 12.9
near Lincoln Oct. 5, 1955 11.6
{at bridge 1.2 Nov. 15, 1955 10,4
mi south} June 13, 1956 11. 4
Aug. 13, 1956 g.40
Nov. 30, 1956 15,3
Apr, 1, I957 18.5
June 25, 1957 7.89
Apr. 22, 1958% 23,5
3 Pernberton Branch 6, 68 June 29, 1955 7.30
near Milton Oct. 5, 1955 5.47
{at bridge 1.5 Nov. 15, 1955 4,59
rmi west) June 13, 1956 10.4
Aug, 13, 1956 7.22
Nov. 30, 1956 g.41
Apr., 1, 1957 14,6
June 25, 1957 5,83
Apr. 22, 1958% 29.1
4 Beaverdam Creek 6. 10 June 29, 1955 7.76
near Milton Oct. 5, 1955 7.78
{at bridge 2.5 Nov, 15, 19556 7. 68
mi east) June 13, 1956 9,32
Aug. 13, 1956 10. 4
Nov. 30, 1956 11.9
Apr. 1, 1957 18.5
June 25, 1957 9.82
Apr. 22, 1958% 27,0
T Pepper Creek 8.78 June 29, 1955 4, 35
at Dagshoro Oct, 5, 1955 6. 49
(at Del, Hwy. 26) Nov, 15, 1955 9.35
June 13, 1956 2.93
Aug. 13, 1956 2. 94
Nov. 29, 1956 8.37
Apr. 16, 1957 8.32
June 24, 1957 1.94

Apr. 22, 1958%  11.0
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Table 4. -- Continued

Index Drainage

no. Site area Date Discharge

{pl. 8} {sq mi) (cis)

11 Deep Creek 33.0 June 30, 1955 13.8

at Old Furnace Qct. 5, 1955 19.6

{at bridge 5, 6 Nov. 15, 1955 30.7

mi northeast June 13, 1956 21.0

of Seaford) Aug. 13, 1956 13,6

Nov. 29, 1956 44,2

Apr. 16, 1957 36,6

June 24, 1957 12,9

Apr. 21, 1958% 41.6

12 Tyndall Branch 12,7 June 29, 1955 7.56

near Hardscrabble Oct. 5, 1955 9. 66

(at bridge 1.4 Nov. 15, 1955 13.2

mi northeast) June 13; 1956 8,73

Aug. 13, 1956 6,02

Nov. 29, 1956 19.1

Apr. 16, 1957 14.7

June 24, 1957 6.72

Apr. 21, 1958% 23.7

13 Butler Mill Branch 6.96 June 30, 1955 3.53

near Woodland Oct., b6, 1955 7.60

{at bridge 2.2 Nov. 17, 1955 5.82

mi north) June 13, 1956 4, 64

Aug. 13, 1956 3.65

Nov. 29, 1956 9. 80

Apr. 16, 1957 9.27

June 24, 1957 7. 14

Apr. 21, 1958% 16.1

15 Chipman Pond Branch 8.55 June 29, 1955 4. 60

near Laurel Oct, 5, 1955 5.83

(at bridge 2.9 Nov. 15, 1955 8.49

mi northeast) June 13, 1956 5. 04

Aug. 13, 1956 2.56

Nov. 29, 1956 10.2

Apr. 16, 1957 9,52

June 24, 1957 3.94

Apr. 21, 1958% 17.5

* Results of chemical analysis shown in table
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Table 5. -~ Drainage areas of streams in the Sussex County area

Index
no, Name of stream in downstream order

(pl. 8)

Drainage area
{square miles)
Total In Md.

DELAWAERE BAY
MISPILLION RIVER BASIN
l......Beaverdam Branch (head of Mispillion River)
at Houston (0. 8 mi south)
Mispillion River "West of Milford"
Mispillion River '""West of Herring Branch"
2444 vrerr.Cedar Creek near Lincoln {1.2 mi south)
Slaughter Creek ’
Mispillion River at mouth
BROADKILL RIVER BASIN
3......Pemberton Branch {head of Broadkill River)
near Milton (1.5 mi west)
4eu. anvs..Beaverdam Creek near Milton (2.5 mi east)
54es »ensesSowbridge Branch (head of Primehook Creek}
near Milton (2.5 mi north}
0Old Mill Creek
Canary Creek
Breoadkill River at Roosevelt Inlet
Lewis and Rehoboth Canal drainage {to bay or ocean)

ATLANTIC OCEAN
INDIAN RIVER BASIN
Cow Bridge Branch (head of Indian River}
6.........5tackley Branch at Stockley
Mirey Branch
Sheeppen Ditch
Long Drain Ditch
Indian River at Millsboro (State Hwy. 24)
Iron Branch
Swan Creek
Tevs «seva.Pepper Creek at Dagsboro (State Hwy. 26}
Vines Creek
Blackwater Creek
White Creek
Rehoboth Bay
Love Creek
Herring Creek
Indian River Inlet
LITTLE ASSAWOMAN BAY
Miller Creek
Dirickson Creek
ASSAWOMAN BAY
Roy Creek
Greys Creek
St, Martin River

29, 5% -
42, 3% -
L 7.21 -
+ -

126%
b 6.68 -
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Tabkle 5, -- Continued

Index Drainage area
no, Name of stream in downstream order {square miles)
{pl. 8) Total In Md.
CHESAPEAKE BAY
POCOMOKE RIVER BASIN
Pocomoke River at Delaware State line 26.8 -
8... ... Pocomoke River near Willards, Md. (1.3 mi east) a 60.5 22.3
WICOMICO RIVER BASIN
9. .. .. ....Leonard Pond Run near Delmar (2 mi south) b 16,2 14,1
Wicomice River above Beaverdam Creek, Md. 42,1 38.5
NANTICOKE RIVER B ASIN
Nanticoke River at Greenwood + -
Gum Branch + -
10... ... Nanticoke River near Bridgeville {2, 5 mi southeast) a 75.4 -
Gravelly Branch + -
1l.........Deep Creek at Old Furnace Mill b 33,0 -
12........... Tyndall Branch near Hardscrabble {l.4 mi b 12.7 -
northeast)
Clear Brook + -
Nanticoke River at Seaford 214 -
i3... ......Butler Mill Branch near Seaford {2, 6 mi west} b 6.96 -
James Branch (head of Broad Creek] + -
14, .. .. ++e«r» Trap Pond Qutlet near Laurel a l6.7 0.9
{5 mi southwest)
15. 44 v+ ssa4s+ Chipman Pond Branch near Laurel b 8.55 -
: {2. 9 mi northeast)
Broad Creek at Records Pond Outlet, Laurel + 3.5
Little Creek + -
16, .. vevveess Holly Ditch near Laurel {1.5 mi southwest} a 2.19 -
Tussocky Branch + -
Broad Creek at mouth {120} 3.5
Nanticoke River at Delaware State line 393 K
17...+.....Marshy Hope Creek near Adamsville a 44.8 -
(1. 5 mi northeast)
Marshy Hope Creek at Delaware State line 84.6 4,0
Marshy Hope Creek at mouth 214x% 123
18.........Baron Creek near Mardela Spring, Md. (3 mi east) b 8.9 6.0
Baron Creek at mouth 30.0 20.3

* From publications of Delaware Water Pollution Commission.

*% About 30 sq mi in Sussex County.

+
a
b

Not determined,

Complete-record gaging station site,

Partial-record gaging site.

Drainage area figures in parentheses are approximations.
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coastal marshes canbe classed only as approximate because of the inter-
connections betweenbasins. Anindex totopographic mapping inSussex County
is shown in figure 5 in which are designated the 7 1/2' and 15' quadrangle
sheets distributed by the U, 8. Geological Survey, Except for the southern
border area south of lat. 38930' N., the county was mapped in 1954-55 at a
scale of 1:24, 000 with a contour interval of 10 feet. No further mapping in
this series is currently in progress.

FLOW CHARACTERISTICS

Streamflow varies greatly from day to day, from season to season, from
year to year, and frequently, from basin to basin, This variability creates
the problem of too little water at times and too much at othexr timmes. Thus,
any complete analysis of the data should include three principal cbjectives,
namely, (1) to determine the frequency of occurrence of the various rates of
flow throughout the regimen of a stream, (2) to evaluate the probable mag-
nitude and frequency of minimum flows, and (3) to appraise the flood char-
acteristics.

In considering the adequacy of a specific source for water supply, the
requirements are known for water consumption or for waste disposal, The
percent of time the flow is sufficient to meet the needs must be determined.
Information is also required on how frequently the flow will be insufficient
and the amount of storage required to meet the deficiency, The "lowest flow
on record" is often considered as the ''safe yield,'" particularly in the design
of a small facility that is to take water directly from a stream with little or
no storage provided. Local variations in climatic and geological conditions
affect the occurrence of this lowest flow to such an extent that it is not fea-
sible to make reliable estimates of the lowest flow in totally ungaged areas
or for some particular period outside of the period of record.

It should be realized that the data presented in this report represents a
sampling of a relatively small number of streams within the county, Care
should be exercised in using the "per-square-mile' runoff, even at other
points onthe same streams because all parts of most drainage basing do not
have similar runoff characteristics or equal yields per unit of area, In gen-
eral, the possible error increases with an increase in distance between the
gaging station and the place where streamflow information is desired. To
conserve space, many ofthe data are given in tabular form. However, sam-
ple graphs of the results of the several analyses are given to indicate how the
tabular data might be plotted.

Streamflow records in Sussex County are short, but by statistical methods
and regional analysis it is possible to adjust short-term records to a long-
term base period by using the records for nearby streams. Streamflow
records collected on the Delmarva coastal plain are all short-term, but a
fair correlation was obtained with records for Brandywine Creek at Ghadds
Ford, Pa., and Maurice River near Norma, N. J., for which regionalized
and adjusted data onflow duration and low-flow frequency had been prepared.

In general, the observed data for Nanticoke River near Bridgeville were
adjusted on the basis of correlations with the aforementioned records, fol-
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lowing which the observed data for the remaining stations were adjusted on
the basis of the new Nanticoke River data. It is not practicable to transpose
flood-flow information by these methods,

Flow Duration

A duration curve of daily flow (figure 6) shows the percentage of time
that a specified daily flow was equaled or exceeded. It shows the cumulative
frequency of occurrence of different rates of flow ata given point. The slope
of a duration curve is an index of the natural storage within a basin, includ-
ing ground-water storage, in that the flatter the general slope of the curve
the more uniform the flow.

The duration curves of daily flow for six gaging-station records in the
report area have been adjusted from their individual short-term records to
a 42-year (April 1913 to March 1955) base period and are given in table 6,
Plots of these data are shown in figure 7, as a means of comparing the char-
acteristics of the streams. It will be noted that the lower part of the curve
for Nanticoke River near Bridgeville is the highest of the six and indicates
the best sustained flow.

The importance of adjustment to a common long-term period, when com-
paring characteristics of two or more streams, is illustrated in figure 6,
The discharge for Stockley Branch at Stockley adjustiedtothed42-year period
has been plotted with curves of 12-year (April 1943 to March 1955) and 5-
yvear (April 1951 to March 1956) periods, both based on actual records. The
marked difference between the curves for greater than 80 percent of time is
due to the inclusion of progressively more low-flow experiences as the period
increases. The extreme low endof the 12-.year period curve indicates a dis-
proportionate number of very low flows during that period.

The flow duration curve does not provide information on the chronolog-
ical sequence of flows; for example, it does not indicate whether the lowest
30days of record occurred in one rare drought year or as a few days nearly
every year, Additional information is therefore required to describe ade-
quately the low-flow characteristics of the stream.

Average Discharge

The average discharge at a gaging statiom is usually computed as the
average of the yearly mean discharges for five or more complete years of
record, Because of the year-to-year variation in precipitation and runoff,
comparisons between stations should be made for identical time periods, To
facilitate such comparisons, table 7 presents the average discharge in million
gallons per day per square mile for several periods corresponding to the
length of record at each of the gaging stations,

Because the ordinate of a flow-duration curve represents rates of dis-
charge and the abscissa represents the time duration of these rates, the
average discharge can be obtained by a step integration of the curve. These
computations were made, using the data in table 6, tc obtain an average dis-
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charge adjusted to the 42-year period. These figures arc also shown in
table 7.

The low average discharge of Holly Ditch near Laurel {table 7, no. 16),
of only 0. 143 mgdsm, indicates that this small area is Jischarging o Liefly
by subterranean drainage to Broad Creek and by evapotranspiration to the
atmosphere. There is little reason to suppose that this area is physically
much different from any other area in Sussex County. This discharge of
0. 143 mgdsm, ¢ompared with the average discharge ofthefive other staticas,
0. 743 mgdsm, or a ratio of 1 to 5, indicates the effectiveness of a rccent
man-made shallow drainas compared withthe old established dezper natural
drainageways.

Low-Flow Frequency

The low-flow frequency curve gives the average intervalat whicha spe-
cific discharge may be expected to recur as the lowest flow in an anpual
period beginning April 1 and ending March 31. Low-flow frequency curves
for the average minimum flow during period of 1, 7, 15, 30, €0, 120, 183
consecutive days and for 9 and 12 consecutive months are shown in figure 8
for Pocomoke River near Willards, about 4 miles south ofthe Sussex County
line. These curves do not imply a regularity of occurrence, but rather the
probable average interval between specified low flows. Low-flow frequency
data for six gaged sites in the report area are summarized in table 8. The
data may be used to predict future streamflow, assuming that theflow during
the base period was normal and that the flow will follow the pattern of the
past. For example, the lowest 7-day flow of Nanticoke River near Bridge-
ville in a year may be expected to be equal to or less than 0. 115 mgdsm at
an average interval of 5 years, or, stated another way, that a minimum 7-
day flow as low as 0.115 mgdsm has a probability of 20 percent of occurring
in any particular year. Low-flow characteristics at a site on a stream are
modified when storage or diversion facilities are installed, and when such
facilities are installed afterthe base period the effects need tobe evaluated.

Analyses to indicate the maximum number of ceonsecutive days during
which the flow remained equal to or less than aspecified discharge, have not
been made forthis report, Research is inprogress todefine methods where -
by this deficient discharge might be computed from the low-flow frequency
data described above.

Storage Requirements

The need for storage becomes apparent when the flow of a stream in its
natural state cannot meet the requirements of a water development. The
amounts of storage required to maintain selected drafts have been deter-
mined by mass-curve analyses of streamflow records in which the accumu-
iated {monthly) flow is plotted against the time of accumulation. Siorage
volume required is determined as the maximum ordinate between the mass
curve and a specified "use line" drawn tangent to the mass curve at some
critical period of deficient discharge,
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When economic considerations alone govern the designofa development,
the irequency with which the natural flow mustbe augmentedto supply selected
rates of regulated flow becomes even more important than the flow during a
single critical period. By using data onstorage-required frequency, the cost
of providing storage canbe weighed against the loss of revenue due to defi-
cient flow.

In this report the analyses of storage i:equirements are based on fre-
quency-mass curves such .as the one shown in figure 9, These mass curves
differ from those described above in that they represent the discharge for a
particular recurrence interval rather than that ocbserved during some par-
ticular drought period. Thus, to developdatafor a range of values, individual
mass curves were drawn for recurrence intervals of 2, 5, 10, and 25 years.
The circles on the curve of total discharge available in figure 9 represent
discharge from table 8 multiplied by the number of days in the minimum
period, plotted against the number of days, Draft rates are determined by
the slope of the draft line and corresponding storage is determined by the
maximum vertical distance totheline of total discharge available. The values
of storage required are original assumptions and values of less than 5mgsm
have been omitted from figure 9 for clarity. Data on allowable draft and on
storage required, computedas shownon figure 9, wereused todevelop curves
of storage requirements as shownin figure 10, which were then summarized
in table 9 for gaged streams in the report area. These data might also be
plotted with allowable draftasthe ordinate, storage required asthe abscissa,
and selected recurrence intervals as the third parameter,

These analyses of storage requirements make no allowance for dead stor-
age or for reservoir losses such as evaporation or seepage. These factors
must be considered before the tables can be used for design purposes. Use
of these data are illustrated by specific examples inthe section of this report
entitled, "Evaluation by Basins. "

Flood-Frequency Relations

The safe, economic, and practical design of dams, bridges, highways,
and a variety of structures located on flood plains is partly dependent on the
magnitude and frequency of occcurrence of flood peaks. Studies of flood-fre-
quency should provide a means of predicting, for any site in a given area,
the flood height and discharge which might be expectedtc occur within some
specified period of time. Because of inadequacies in areal coverage and in
duration of records, it is not possible at this time to develop relationships
which could be considered reliable for any stream site within the county,
The curves that have been developed should be used with caution beyond the
limits of stream location and area from which they were developed.

In this analysis, annual (water year) flood peaks were tabulated for the
15-year period, 1944-58, for Stockley Branch, Nanticoke River, and Marshy
Hope Creek. Flood peaks for the stations with shorter periocds of record
{Pocomoke River, Holly Ditch, and Trap Pond Qutlet} were also tabulated and
estimnates were made of the annual peaks outside of the period of record in
order that all of the computations might have the same, 1944.-58, time base.
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PXRI(D OF MINIMUM DISCHARGE IN DAYS

Frequency mass curves and storage-draft rates, Nanticoke
River near Bridgeville.

Figure 9.



ALLOWABLE DRAFT IN MILLION GALLONS PER DAY PER SQUARE MILE

-
[«

FXAMPLE: FOR 4 YEARS OUT OF 5, ON THE AVERAGE,
THE AVAILAELE MINIMUM FLOW WITHOUT STORAGE IS

8 0.115 MGD PER SQ MI; BUT ADDING A STORAGE

CAPACITY OF 5 MG PER SQ MI INCEEASES THE AL=
LOWABLE DRAFT TO 0.237 MGD PER 5Q MI. NG

ALIOWANCE MADE FOR EVAPORATION OR OTHER LOSSES

-‘\.—._____ [

50

330

)

[

——
e

[
[

[ —— 120

151
- 10 |

.
—

|
|

U
i
/

i

L
—

|

——

=]
1

w
!
STORAGE REQUIRED MG PER 5Q MI

HATURAL 7-DAY MINIMUM FLOW AVATLARIE o a

o
@

T

DRAINAGE AREA 75.4 SQ MI

g

LIl 1
2 3 4 5 &6 8 o
RECURRENCE INTERVAL IN YEARS

Figure 10. Storage requirements, Nanticoke River near Bridgeville,
adjusted to 4Z2-year {1914-55) base period.

50

20 3Q 40 50



g1€*  LEZ® T6T* 991" LET" €01 L80* 9L0° $90° ¥S0° Ze0°” =T
89¢° 8AZ° 427" G6T* Z91° €TI° 20T1° 060" HLO® 4G90° 6€0 " ot FMrASUIERY
L1%* 6tg” 09Z' r?Z" 98T IHT* LIT" ¢€OT* 980" #%.0° S¥0 " g Ieau q3aaD
SFPET0 02%°0 €FE'0 00E°0 QG20 06T°0 0971°0 OFT™0 $IT'0 960°0 090°0 Z g'vp  odoH Aysiew ‘i1
Toine T 1BOU

-~ 0BT T0T°0 080°0 850°0 ZE0'0 12070 $I0'0 800°0 %00°0 0 z 612 3K ATIOH_"91
682 ¥02° LeT* 621" ¥60° 960" ¥E0* $I0° €10° L0O' 0. 01 PIneT
LFPET 282 861" ¥9T° GTI- 080" 290" GEOT 6I0° 6007 0 S 1e3w IP[UDO
LLF0 ¥9€°0 68T°0 L¥PZTO0 €070 ZHT'0 A0T*0 980°'0 95070 9£0°0C 10070 Z L°9T puod deal 'yl
86€° LTE" TL?t  LFZT AL1ZT LAY 9917 £R1C §2IT IID° zZ80 " 52
0S¥ ¥9E* &TE" 88" 0% 80T FBTT 691" 8PI°  ZET” 660" 01 s1rAadprag
00S° 60F* gGE° gZE® €8¢ L£2 0TZ° 26T 91" OGT° STT” S IeeU ISATY
G19°0 01670 T%F'0 P00 09£°0 66770 992°0 ¥FZ'0 %1270 Q4T'0 TST70 Z ¥aL aYoITIuEN ‘01
182 902" ¥91° ?2%1" 9IT* 980" 0L0° 090" 8F0" 6£0° 610" ¥4
b2E"  EPTT 961° TLT EFT" SO0T" . L80° GL0° 2Z90° 0G0 920 ° 0T SPABIIM
ELE" EBZT QEZT 0027 L9T* L¥T° 90T ZHO0" SL0° 2907 ¥e0”® g Iesu ISATY
B8P "0 8L£°0 PIC'0 EL7°0 822°0 ELT"0 2%1°0 Q€1°‘0 LOT"0 4BO'D ¥S0°0 Z 509 ayjoulodod °g
60%° FTe" 962° 227" BRI 9T TIT' t60° 6L0° 190~ TED " 4
88F " ¥BET 0T€T Ll €€2° 9LT° 9FT° 0€r' GQT" 6RO 260" o1 Aapprog
995" SSF'  T8E°  €£€£€° 982" £22° 68T €9T° €ET'  FIT” 0Lo” g je youeag
TPL0 L09°'0 2TS5°0 TA¥ 0 _OIF°0 6ZE'0D BLZ 0 ¥FZ°'0 G0Z'0Q HLTO0 S21°0 Z ¥2°5 Aayn018 ‘g

‘@aoqe pajeorpur a8e10)s 19U 10) ferru wspiur CECEYS 1w bg uoTIeIg
aienbg zad fep 1ad FUOTIeR JO BUOITITW UT JFRIp STQEMOT[V MOoTF TeAISIUT eaIE BurBen
0s ¢ 02 1 01 ) € Z ! §'0 Aep-4 9dudzindey afeureaq
‘828807 IaYI0 10 uoTjerodea?d IOJ pagdsarodun ‘9rwr alenbe TeInyeN

aad suorred Jo suorrTiwr ur fsPwl0}s ITOAISEII JO JUNOUIE 13N

*(s93e3s Jusoelpe ul BPIOYSX MOFWIRaIIs wIal-Juol Jo BIseq UO ‘Gg-gTL] ‘poraed Ieoh-7h o1} 03 paisnlpv)

eaae LJUNos XaB8NG 2y} Ul SUOTIE]F BUIBEd-IESI}s I8 SIUaWPIINbaT 3dea1035 -~ "6 FTqEL

51



The 15 peaks were then ranked in order of magnitude andthe recurrence in-
terval T in years computed bytheformula T = {n + 1)/m where n is the num-
ber of years of record {15), and m is the order number of each fload, the
greatest being numbered 1, Thede computations are illustrated in table 10
whick summarizes the data for Nanticoke River. Preliminary individual
flood-frequency curves were then drawn for each of the six stations on a
graph of discharge versus recurrence interval, sirnilar to that of figure 11.
The graphical mean-annual flood was picked from each curve at its inter-
section with the 2. 33-year line on the basis of one theory of the probability
of occurrence of extreme values {Gumbel, 1945).

From a statistical consideration ofthe relation between the mean annual
flood, the 10-year flood, and the effective length of record (Mitchell, 1954),
it was determined that the six stations were homogeneous to the extent that
their individual freguency curves could be combined into one composite fre-
quency curve. Accordingly, the ratios of annual floods to the mean annual
flood were computed as shown in table 10. Median values of a ranked tabu-
lation of these ratios were plotted and the curve shown in figure 1l was
drawn. This curve is dashed beyond 20 years to emphasize its limited time
definition. Actually, the scatter of the plotted pointsis such that curves dif-
fering by as much as 20 percent in ratio, at the 10-year interval, might be
drawmn.

Assuming that, for design purposes, a recurrence interval has been se-
lected, the ratio of the magnitude of that flood to the mean amnual floed may
be picked from the curve of figure 11. For example, the 20-year flood will
be 3.3 times as large as the mean annual flood, It should be borne in mind
that the 20-year flood is one which is expected to recur once in 20 years, on
the average, It would also be thought of as a flood of such magnitude that the
odds are 1 in 20 that it will be equaled or exceeded within any given year
{Mitchell, 1954).

The remaining problem is the determination of the magnitude ofthe mean
annual flood. Many studies have confirmed the natural assumption that mag-
nitude of flood increases with size of drainage area in a region of relatively
homogeneous physiography and climatology., Other factors such as land and
stream slopes; geology; floodwater storage in stream channels, swamp, and
ponds; and type of vegetal cover and land use have also been found important.
Of the six streamns in the Sussex County area, four, Stockley Branch, Poco-
moke River, Nanticocke River, and Trap Pond Outlet, may be grouped to-
gether as expressed by the central curve of figure 12 in which the mean annual
flood is shown as a direct function of drainage area. The four points are not
precisely onthe curve; however, statistical considerations indicate that they
plot withinanallowable range. The relation for Marshy Hope Creck is shown
as the upper curve of figure 12, which possibly demonstrates that extensive
ditching has increased the mean annual flood. The erratic plotting of Holly
Bitch (represented by the lower curve segment) may be related to the fact
that the ditch was dry a considerable part of the time, It must be reempha-
sized that, because of the small number of stations available for analysis
and their relatively short periods of record, the curves should be considered
only as approximations of the flood-fregquency relations for the county.
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Table 10, -~ Annual floed peaks, Nanticoke River near Bridgeville

Drainage area, 75.4 square miles.
April 11, 1943 to September 30, 1958

Period of record,

Gage Recurrence
Water Date height Discharge Ratic to Order interval
year {feet} {cis} Q2,33 {T years)*
1933  August + - - - -
1935 September 11, 04 - - - -
1943 Apr. 21, 1943 5.00 400 £ + %
1944 Mar, 14, Apr, 26 5.13 420 0.75 19 1. 60
1945 July 24, 1945 5.24 435 .78 9 1,78
1946 Dec, 30, 1945 6,20 730 1.30 4 4, 00
1947 May 27, 1947 4.98 386 .69 Il 1. 45
1948 Jume 5, 1948 6, 40 830 1.48 2 8.00
1943 Dec. 5, 1948 5.81 590 1. 05 7 2.29
1950 Mar. 24, 1950 3.91 216 .39 15 1. 07
1951 June 12, 1951 4. 15 240 .43 14 L. 14
1952 Dec. 22, 1951 6,21 776 1. 39 3 5.33
1953 Mar. 17, 1953 5.39 468 .84 8 2,00
1954 Mar, 5, 1954 4,53 248 .44 13 1.23
1955 Aug. 15, 1955 6.12 680 1.21 5 3.20
1956 Mar. 17, 1956 4.84 270 .48 12 1.33
1957 Nov. 3, 1956 6.03 680 1.21 6 2,67
1958 Aug. 26, 1958 8. 84 2300 4.11 1 16. 00

Graphical mean annual flood (Q2, 33):

# T = (n+l)/m = {15+1)/m.
+ Water an unspecified depth over bridge floor which is at 8 feet,

gage datum.
#+ Year incomplete.
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QUALITY OF THE SURFACE WATERS
By Peter W. Anderson

The surface waters of Sussex County, Del., are used principally for
navigationj industrial cooling and cleaning processes; irrigation, dairying,
poultry farming and other agricultural uses; waste disposal; recreation and
fishing; the culture of shellfish; and the generation of power for woolen and
feed mills. In selecting a site for 2 water-using facility, the chemical quality
of the water is an important consideration, and may be the determining fac-
tor, in conjunction with the quantity available. Chemical analyses are often
desirable todetermine whetherthe water is suitable for a particular purpose
or, if not, to determine the type and cost of treatment or other remedial
action needed to make it satisfactory.

In 1950 the Water Pollution Commission of the State of Delaware initiated
comprehensive studies of pollution in the principal basins within the county.
These studies (Kaplovsky, 1950, 195la, and 1951b, 1952, 1958; Kaplovsky
and Aulenbach, 1956)are concerned principally with sanitation problems and
giveonly partial information about the mineral content of the surface waters.
For many industrial and agricultural purposes, it is important to know the
mineral content and its seasonal variations during periods of high and low
flow. Accordingly, the Geological Survey in November 1957 and April 1958
analyzed a few spotsamples from streams in Sussex County. These streams
were sampled above the head of tide, where the quantity of water available
for use is limited. The results of the chermical analyses together with sev~
eral analyses made bythe Water Pollution Commission of the State of Dela-
ware {1958) in May and June 1955, are presented in table 11.

All natural waters contain varying amounts of dissolved mineral matter,
which originate primarily in the solution of materials found in the rocks and
soils, or in the decomposition of organic material in the swamps and low-
lands. The following paragraphs are descriptions of five selected constit-
uents or properties of surface waters.

Dissolved Solids

Dissolved solids are a measurement of the amount of dissolved mineral
matter in the water., The maximurn concentration, prior to treatment, rec-
ommended for most industrial and domestic uses is 500 ppm. Waters con-
taining dissolved solids less than 1,500 ppm are satisfactory for most irri-
gation purposes,

Concentrations of dissolved solids in the analyses presented in table 11
were relatively low, ranging from 49 to 110 ppm. However, the table con-
taing no analyses showing the high mineral content of the brackish and saline
waters below the head of tide. In hydrographic surveys of the Brandywine
and Cape May Channels ofthe Delaware Bay, opposite the mouths of the Mis-
pillion and Broadkill Rivers, Cronin {1953) found a salinity concentration
range of 10,560 to 32, 000 ppm,
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Chlorides

The chloride content of surface waters may be attributed to natural min-
eral origin or to contamination by industrial and domestic wastes and sewage.
When used for irrigation, waters containing excessive amounts of chloride
are toxic to most plants. Chloride concentrations as low as 100 ppm may
be noticeable. The taste threshold for different solutions of compounds may
differ according tothe type of salt in the water, as shown in the table below:

Approx. taste threshold
in parts per million

calcium chloride 150-500
magnesium chloride 168-750
potassium chloride 350-600
sodium chloride 200-550

(from "Water Quality Criteria', California
State Water Pollution Control Board, 1952)

Taste tolerances canbe developed by continuous use of unsatisfactory waters
or they may be an individual psychological reaction. The U, 5, Public Health
Service Drinking Water Standards recommend that the chloride content of
water used for public supplies should not exceed 250 ppm. The few samples
analyzed from the streams of Sussex County all contained 10 ppm of chloride
or less, Kaplovsky and Aulenbach (1956) found chloride concentration ap-
proaching the concentration of sea water in the Lewes and Rehoboth Canal
and in the Indian River Bay. Chloride is a critical factor in the large shell-
fish industry of the State, as most shellfish require a salt content of from
5, GO0 to 35, 000 ppm for proper growth,

Hardness

The term "hardness' is applied as a measure of the ability of water to
form an inscluable curd with soap. The curd shows up on fabric as a gray
coloring. Hard water is responsible for scale in boilers, pipes, and hat
water heaters. The analyses presented in table 11 contained from 8 ppm to
38 ppm of calcium, magnesium hardness as CaCQ3. Such water can be con-
sidered soft, suitable for most purposes without treatment.

pH

The term "pH" is used as a measure of the intensity ordegree of acidity
or alkalinity of water, Water having a pH of 7.0 is neutral, above 7, 0 alka-
line, and below 7.0 acid, With the exception of two streams in the Indian
River Basin, Vines Creek (pH 5.2), which drains the Cedar Swamp, and
Shoals Branch {(pH 5. 2), the streams showed a pH between 5,8 and 6. 7 when
analyzed. The pH of waters below the head of tide would probably be closer
to that of sea water (pH 7.5 - 8. 4).

In the use of water for irrigation, it is necessary to know the physical
and chemical properties of the soil, because in an alkaline s0il it is best to
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use water with a low pH. Shellfish growth is favored by a slightly alkaline
water.

Iron

Iron is dissolved from soil and rocks. It isof little importance in irriga-
tion, but in washing and cleaning processes. it causes a reddish stain inquan-
tities as low as 0. 30 ppm, Some surface waters of the county have a high
concentration of iron, mostly around 1,0 ppm. Kaplovsky and Aulenbach
{1956) report that some streams in the Indian River basin contain as much
as 6.0 ppm of iron.

In summary, the few analyses of the iresh waters in Sussex County pre-
sented are low in dissolved-solids content, chloride and hardness, are high
in iron concentration, and have a pH of 5.2 to 6. 7. The analyses presented
in table 11 are mostly of water samples taken during the months of April,
May, and June 1957-58, and quite possibly are not representative of other
months or years.

EVALUATION BY BASINS

The foregoing surface-water sections ofthis report havebeen concerned
with the analyses of the several flow characteristics at the six principal
gaging stations in or near Sussex County. The seven basins of the county
are discussed briefly in regard to physiography, streamflow information
available, and application of the analyses previously presented in tabular
form. As mentioned earlier, records of daily discharge are published annu-
ally in U.S. Geological Survey Water-Supply Papers, wherein alsoare given
the details of location, drainage area, records available, gage type and datum,
average discharge, momentary extremes, and remarks pertaining tothe ac-
curacy of the records and conditions which affiect the natural flow atthe gaging
station, For information of this nature it is suggested that pages 282 to 291
of Water-Supply Paper 1432 (1956) be consulted.

This discussion follows the "downstream order! of the tabulation of
streams and drainage areas of table 7. Many of the ponds and smaller
streams mentioned in the following text have not been identified by name on
plate 8. These features can be located on the quadrangle maps indexed in
figure 5.

Delaware Bay and Atlantic Ocean Drainage

Mispillion River Basin

Northeastern Sussex County, about 80 square miles in area, is drained
by the Mispillion River and its principal headwaters, Beaverdam and Tan-
trough Branches. These branches terminate at Blairs Pond, below which a
series of artificial lakes extend to Milford., A navigable tidewater channel is
maintained from Milford to Delaware Bay at Mispillion Light (U. 5. Army
Engineer Division, 1957). A complete-record gaging station was established
in May 1958 on Beaverdam Branch, 0.8 miles south of Houston, In time this
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record will provide an estimate of the available fresh-water supply at Milford
although the drainage area above the station is only about one-tenth of the
drainage area above Milford,

Cedar Creek, roughly parallel to the Mispillion River, 5 miles to the
south, is considered a tributary of the Mispillion because its lower reach is
ditched to the river mouth at Mispillion Light, The drainage area of Cedar
Creek and its principal tributary, Slaughter Creek, is almost as large as
that ofthe Mispillion River; however, a greater proportion of the area drains
marshlands, Although nogaging-station records have been collected on Cedar
Creek, a series of base-flow measurements (table 4) have been made 1.2
miles south of Linceoln. After several years of concurrent operation, the
Cedar Creek measurements can be correlated with the records for Beaver-
darm Branch at Houston, or for Sowbridge Branch near Milton, to obtain a
limited butuseful armnount of information about the flow-duration and low-flow
frequency characteristics of the creek,

Broadkill River Basin

The Broadkill River basin occupies about 110 square miles of eastern
Sussex County and drains to Delaware Bay at Roosevelt Inlet through the
Lewes and Rehoboth Canal., The river is formed by the confluence of Pem-
berton and Ingram Branches at Wagamons Pond in West Milton, below which
it is navigable to Delaware Bay. As the Broadkill flows eastward from Mil-
ton, Beaverdam Creek joins it from the south and Primehook Creek jeins it
from the north through a drainage ditch that was part of a mosquito control
project, The former Delaware Bay outlets of Primehook Greek and Broad-
kill River havebeen blocked for some time, Old Mill and Canary Creeks are
the principal tributaries to the lower tidal reach of the Broadkill. At one
time the generally marshy area landward from Cape Henlopen was drained
by Lewes Creek northwardto Delaware Bay. The Lewes and Rehoboth Canal
was constructed partly along this stream course, however, andthe flow from
the adjacent marshes and glades now may be transported north to Delaware
Bay or south to Rehoboth Bay depending upon tide, tide differential, and
channel condition. After considerable study, Kaplovsky and Aulenbach {1956,
p. 99) found that, although there was definite cyclic flow in both directions,
the net movement of the water was from Lewes towards Rehoboth,

A gaging station has been operated since October 1956 in the headwaters
of Primehook Creek on Sowbridge Branch, 2.5 miles nerth of Milton {no. 5,
pl. 8}. When the Sowbridge Branch station has becn operated for a length of
time sufficient to establishits flow characteristics, the base-flow measure-
ments thathavebeen made on Pemberton Branchand Beaverdam Creek{table
4} can be correlated with the Sowbridge records. This will provide signif-
icant information on the fresh-water yield of the Broadkill basin,

Considerable use of the surface waters of the basin formerly was made
in the milling and shipping of grain. In recent years, however, the growing
and processing of poultry and vegetables has dominated the economy of the
area, along with the development of oystering in the lower reaches of the
Broadkill,

.
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Chemical analysis of water samples at several gage sites {table 11) indi-
cates a soft water that is slightly acid and low in chloride content, which is
perhaps characteristic of the unpolluted headwaters of the streams. A var-
iationin sodium chloride content of zero to 5,220 ppm in Broadkill River half
a mile below the mouth of Beaverdam Creek was reported by Kaplovsky and
others {1950),

Indian River Basin

An area of about 250 square miles of southeastern Sussex County, com-
posed of the basins of Rehoboth and Indian River Bays and their tributary
streams, drains tothe Atlantic Ocean through Indian River Inlet. Inthe usual
concept of a drainage basin pattern, Rehoboth Bay could be considered a
principal tributary of the Indian River. Thedrainage area ofthebasin cannot
be precisely defined because of its man-made interconnections to adjoining
basins through canals and drainage ditches and because ofthe indeterminate
nature of the drainage in some of the swampy headwaters. As these head-
water areas are reclaimed by drainage projects the basins assume definite
limits., An extensive system of ditches has been constructed in the southern
part of the basin. As described on p. 99, the area north and west of Reho-
both Beach which drains into the Lewes and Rehoboth Canal can be tributary
to either Delaware Bay or Rehoboth Bay depending on an involved relation-
ship centered on the tidal variation, Although the shallow Assawoman Canal
nominally connects the southeastern part of Indian River Bay (in the White
Creek estuary} to the northern extension of Little Assawoman Bay, it is be-
lieved that there is little interbasin flow through the canal.

The main stem of Indian River originates at the outlet of Millsboro Pond
into which Cow Bridge and Mirey Branches and Sheeppen and Long Drain
Ditches flow, The outflow from Millsboro Dam is the largest source of fresh-
water supply in the basin. East of Millshoro FPond the principal river and
bay tributaries are Iron Branch and Pepper, Vines, Blackwater and White
Creeks from the south, and Swan Creek and Rehoboth Bay from the north,
Love and Herring Creeks are the principal tributaries to Rehoboth Bay and
yield perhaps 15 percent of the total fresh-water flow in the Indian River
basin, Thebasin areanorth and west ofthe mouth of BEehoboth Bay is approx-
imately 70 square miles.

Streamflow records have been collected since April 1943 on Stockley
Branch (no, 6, pl. 8), which is tributary to Cow Bridge Branch. The drain-
age area above the gage is 5.24 square miles, but as an example of the use
of flow-duration curves, assume that it is desired to locate a facility using
surface water at a site adjacent to Stockley Branch where the drainage area
is 5 sq mi and that comstruction of a storage dam is not planned, Further
assume that a flow of 500, 000 gpd (0. 1 mgd per sq mi from 5 sq mi) is re-
quired for plant operation, From the 42-year curve (figure 6} or from table
6, it can be seen that such a flow would be available for 96 percent of the
time, assuming that the flow in the future will be similar to that of the base
period. Thus, over a long period of time there would be sufficient water 96
percent of the days and a shortage for the remaining 4 percent of the days.
The advantages of the proposed site where sucha shortage would occur could
be weighed against those of alternate sites farther downstream where drain-
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age areas are larger or againgt sites on other streams where the required
flow would be available a greater portion of the time. The low-flow fre-
quency data of table 8 indicate that the average flow fora 7-day period would
be less than that required for plant operation at average intervals of about 3
years. The long-term economic disadvantage of a weeklong shortage can
thus be calculated. If it was considered desirable to construct a dam at this
point to assure the required flow, the data in table 9 indicate that, with 10
mg (million gallons) storage (2 mgsm per sq mi}, the required flow would be
insufficient for a 7-day period at average intervals of 25 years. Additional
storage would have to be provided to compensate for evaporation, seepage,
and other losses, and future reductionof reservoir volume through siltation.

Further, an examination of the daily discharge data for the 14 individual
yvears {1943-57) discloses the fact that during 4 of the years the minimum 7-
day period commenced in Aupgust; during 6 years, in September; and during
the remaining 4, in October. The seasconal disadvantages of a water shortage
can thus also be congidered.

It is likely that in locations where the drainage areas are small, water
supplies could be developed also from ground-water sources. However, if
the rates of withdrawal from ground water were suchthat the water table was
iowered appreciably during periods when the ground-water reserves could
not be assured of replenishment from precipitation, it might prove feasible
under favorable conditions to develop well fields adjacent to surface-water
impoundments from which the ground water would be continuously replen-
ished. One advantage of this type of development would be that a natural
filtration of the surface water would be obtained.

Duration, low-flow frequency, and storage-requirement data may also
be used in the calculation of the probable efiect of the disposal of municipal
or industrial wastes on a natural water course and the determination of the
degree of effectiveness of a proposed treatment system., The possible mag-
nitude of a flood that mightbe expected to occur within some specified period
of time can be determined from the graphs of figures 11 and 12. For exam-
ple, at the aforementioned siream site with a 5 sq mi drainage area, it can
be computed from figure 12 that the mean annual flood would be 50 ¢cfs. From
figure 11, it can be seen that a flood that would be expected to occur once in
10 years on the average, would be 2.3 times as large as the mean annual
flood or 115 cfs.

The data on streamflow characteristics have been developed from such
a small number of gaging-station records that they should only be used for
those gaged streams. A series of base-flow measurements have been ob-
tained on Pepper Creek at Dagsboro {table 4) from which a limmited amount
of information canbe developed by correlation with the records for Stockley
Branch.

The principal surface-water uses inthe basin are those of recreationand
seafood production in the tidal waters. Domestic and industrial wastes are
discharged into several of the fresh-water streams and tidal areas. These
sources of pollution and their effect on the waters of the bagin were studied
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by Kaplovsky and Aulenbach (1956} who recommended measures to restore
and maintain a high quality of water consistent with the economically pre-
dominant recreational uses of the water. The Water Pollution Commission
{1958) has reported on the states of these remedial measures, which are
being actively undertaken,

The several chemical analyses shown in table 11 and others made during
the pollution study of Kaplovsky and Aulenbach(1956)indicate that the waters
are slightly acid (low pH), soft, high in iron content, highly celeored, and low
in chloride content, Concentrations of scdium chloride content of as much
as 7, 100 ppm were found at Millsboro Damn, indicative of the effect of tide
to that point; concentrations of 20,000 to 30,000 ppm were found in the Lewes
and Rehoboth Canal and in Rehoboth and Indian River Bays.

Assawoman Bay

Several minor streams in the 60 square miles of the southeastern part
of the county drain to Little Assawoman Bay through Miller and Dirickson
Creeks, and to Assawoman Bay through Roy and Greys Creeks and Buntings
Branch. Buntings Branch becomes Bishopville Prong inthe tidal reachbelow
Bishopville and changes furtherto St. Martin River below the confluence with
Shingle Landing Prong.

No gaging stations have been maintained inthe Assawoman Bay drainage
area. The Delaware State Board of Health {1952} made an intensive study of
a pollution problem in Buntings Branch below Selbyville which has sincebeen
corrected {Water Pollution Commission, 1958, p. 9). During the course of
the field investigation, Octcber to December 1951, several measurements
were made in whichthe discharge ranged from 0.6 to 4, 7 mgd from an area
of about 10 sq mi, but the data were insufficient to establish a relationship
between Buntings Branch and Pocomoke River, Ancther pollution problem
at Bunting in the headwaters of Greys Creek was investigated by Kaplovsky
and Aulenbach {1956, p. 128), but little runoff data are available.

Chesapeake Bay Drainage

Pocomoke River Basin

The discharge from about 38 sq mi of south-central Sussex County is
measured at the Pocomoke River gaging station 1. 3 miles east of Willards,
Md. (no. 8, pl. 8), where the total drainage area is 60.5 sq mi. Alarge part
of the basin in Delaware is occupied by Burnt Swamp, sometimes called
Cypress Swamp or Cedar Swamp. In spite of this swampy area, the duration
curves of daily flow {figure 7}indicate that the low flows of the river are not
a8 well sustained as those in the upper Nanticoke River basin. This may be
due to the effectiveness of the drainage works that have been constructed in
the northern part of the Pocomoke basin.

Low-flow frequency data of table 8 and figure 8 indicate that at a point
rear the State line, where the drainage area is about 26 sq mi, the average
discharge for a 7-day period could drop below 0, 68 mgd {26 sq mi x 0, 026
mgdsm) in I year out of 10, Reference to the storage-requirement data on
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table 9 shows that, for example, with a net storage capacity of 52 mg (26 sq
mi x 2 mgsm} this 7-day flow could be increased to at least 1.95 mgd for 9
years out of 10, on the average. This type of appraisal is of interest in the
consideration of pollution abatement measures. For instance, the cost of
dilution of an industrial waste by increasing minimum flows can be compared
with the cost of treatment processes to achieve the same resulis. Some ad-
vantageous combination of the two methods can also be considered.

The magnitude and frequency of flooding by the Pocomoke River can be
estimated from figures 11 and 12, The 10-year recurrence-interval flood
is 2.3 times the mean annual floed (figure 11) and, for a site near the State
line, the mean annual flood is estimated to be 260 cfs (figure 12). The flood
to be expected 1 year out of 10 on the average is therefore about 600 cfs.

Wicomico River Basin

A very small part of the county, occupying about 3.5 sq mi near Delmar,
is inthe headwater drainage area of the Wicomico River, The several streams
originating in Delaware and flowing south converge about 3 miles south of
Delmar. A series of discharge measurements was made during the period
February 1950 to Septemnber 1951 on one of these tributaries, Leonard Pond
Run (no. 9, pl. 8}, and monthly discharges were computed and published
(Rasmussen and Slaughter, 1955). Because this site is immediately down-
stream from a pond and has a drainage area of 16.2 sq mi, the results ob-
tained may not be representative of any one of the small headwater streams
in Susgex County. However, the yield from this area appears to be similar
tothat determined at the gaging stationat Trap Pond near Laurel. No infor-
mation is available on surface water use or on the chemical and physical
quality of the water in this part of the Wicomico basin, Values of monthly
discharge during the 20-month period of operation of the gaging station are
given in the following table:

Leonard Pond Run 2 miles south of Delmar

Drainage area, 16.2 sq mi

Month Discharge Month Discharge Month Discharge

1950 in mgdsm 1950-51 in mgdsm 1951 in mgdsm
February 0. 499 September 0.129 March 0.503
March . 898 October . 050 April . 459
April .51l November . 100 May . 302
May . 507 December . 169 June 711
June .230 1951 July .221
July . 249 January . 283 August . 120
August . 175 February .511 September . 073
' The 1950-51 water year . 289
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Nanticoke River Basin

The Nanticoke River basin occupies the western half of Sussex County
and is the largest single drainage system in the county, From a l10-sq mi
headwater area in Kent County, the river flows south past Greenwood to
Bridgeville below which Gum Branch enters from the northeast as the first
tributary of substantial size. A gaging station was established in April 1943
on the Nanticoke, 0.3 mile downstream frorth Gum Branch (no, 10, pl. 8).
The drainage area above this site is about 75 8q mi.

After correlation with long-term records for stations in Pennsylvania
and New Jersey, the duration and low-flow analyses based on records col-
lected at the Nanticoke station were adjusted to the 42-year base period,
1914-55, The remainder of the stations inthe Sussex County area were then
correlated with those of the Nanticoke to developduration, low-flow frequency,
and storage requirement data for all of the stations, adjusted to the common
base period. The Nanticoke records have been used to illustrate the inter~
relation of precipitation, water level, and streamflow (figure 2). Monthiy
averages and extremes for the period of record have beensummarized graph-
ically in figure 4, It will be noted from the duration-curve comparisons in
figure 7 that the discharge per square mile occurring 90 percent or more of
the time is higher than that of any other gaged stream inthe area. The low-
flow frequency data (table 8) indicate that at a hypothetical Nanticoke River
plant site where the drainage area is 80sq mi, if a withdrawalof 10mgd was
required (0, 125 mgdsm), the natural daily flow would be insufficient to sat-
isfy that requirement at average imtervals of about 3 years. The average
flow for a period of a week would be insufficient at average intervals of about
4 years., With net reservoir storage of 80 mg (1 mgem x 80 sq mi), the re-
quired flow would be assured for 24 years out of 25 on the average (table 9).

As the Nanticoke continues south from Bridgeville, Gravelly Branch joins
it from the northeast. This stream has its headwaters in the vicinity of
Ellendale., Deep Creek, which heads near Georgetown, is the next major
tributary. A series of base-flow measurements has been obtained on Deep
Creek {(no. 11, pl. 8} and on Tyndall Branch (no. 12, pl. 8), one of its trib-
utaries (table 4). In time these measurements may be correlated with dis-
charges of Stockley Branchor Nanticoke River todeveloparelationship from
which some characteristics of the flow in this sub-basin can be determined.

Clear Brook and Butler Mill Branch are tributary to the Nanticoke from
the northwest. Base-flow rneasurements, not yet correlated, have alsc been
obtained on Butler Mill Branch(no. 13, pl. 8), (table 4}, A navigable channel
12 feet deep is maintained in the Nanticoke from Tangier Sound to the high-
way bridge in Seaford.

Broad Creek drains about 115 sq mi of southwestern Sussex County from
a small headwater area near Nelson, Md., to its confluence with the Nanti-
coke River, 2 miles upstream from the State line. The creek is navigable
below Laurel. James Branch, the head of Broad Creek, flows northward
from Wicomico County, Md., and is joined by Hitch Pond Branch from the
eagt and Chipman Pond Branch from the northeast, James Branch flows into
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Records Pond at Laurel, below which the stream is nammed Broad Creek
{shown on some maps as Laurel River), Rossakatum Branch, Little Creek,
and Tussocky Branch arethe principal tributaries of lower Broad Creek. A
gaging station was established in June 1951 at the outlet of Trap Pond (no.
14, pl. 8) which drains a major part of the headwater area of Hitch Pond
Branch., The duration and low-flow frequency characteristics are no doubt
influenced by the regulatory effects of the storage immediately upstream
from the gage and should not be considered as representative of ungaged
areas in the vicinity,

A series of base-flow measurements has been obtained at an 8.5 sq mi
drainage area site above Chipman Pond(no. 15, pl, 8), These determinations
will be correlated with records for Trap Pond Qutlet or Stockley Branch,
Agaging station was maintained on Holly ditch (no, 16, pl. 8) 1.5 miles south-
west of Laurel from August 1950 to September 1956, Analyses indicated that
the ditch would be dry about 50 percent of the time and that it would not be
practicable to maintain sustained flow with storage. Perhaps because of the
intermittent nature of the stream, a lower than usual mean annual flood was
computed for this site (figure 12). Peak discharges were no doubt often re-
duced by infiltration and storage of the initial runoff in the practically dry
channel.

Marshy Hope Creek is tributary to the Nanticoke River 4 miles south-
west ofthe Delaware State line, but has its headwaters in Kent County. About
45 sq mi of this headwater area is gaged at a station 1.5 miles northeast of
Adamsville (no, 17, pl. 8). The creek, sometimes called Northwest Fork
(of the Nanticoke River}, flows south from Kent County and drains about 30
s5q mi of the northwest part of Sussex County. A substantial ampountof fresh
water is available in Marshy Hope Creek although the flow is not as well
sustained as that in the Nanticoke River near Bridgeville. At a hypothetical
plant site (89 sg mi drainage area) sirnilar to that discussedfor the Nanticoke
River, if a withdrawal of 10 mgd was required (0. 125 mgdsm]), the average
river flow during sorme 7-day period would be insufficient every year. From
table 2 it will be seen that 8 times as much net reservoir storage {8 mgsm
or 640 mg) would be required on Marshy Hope Creek as on Nanticoke River
to sustain the required flow for 24 years out of 25, on the average. The rel-
ative difference in the flow characteristics of these adjacent areas might be
attributed tothe effectiveness of the drainage works completedin Kent County.
Similarly, the mean annual floodon Marshy Hope Creek appears tobe higher
than that of the Nanticoke or Pocomoke Rivers (figure 12). For a 50 sq mi
drainage area, a l0-year recurrence interval flood of 1,950 cfs might be
expected (850 cfs x 2. 3 ratio).

Another one of the lower tributaries of the Nanticoke River, Baron Creek,
drains 30 sq mi of which about 10 sg mi is in the southwest corner of Sussex
County. Monthly discharges for a gage site near the State Corner (no. 18,
pl. 8}, for the period January 1950 to September 1951, were computed from
a series of discharge measurements correlated with other gaging-station
records in Maryland. The yield from this area, which is about half in Dela-
ware and half in Maryland, is significantly higher than that at the partial.
record gage site in the upper Wicomico River basin immediately to the east
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{no. 9, pl. 8). Values of estimated monthly discharge for the 21-month period
of operation are given in the fcllowing table:

Baron Creek 3 miles east of Mardela Springs

Drainage area, 8.9 sq mi

Month Discharge Month Discharge Month Discharge

1950 in mgdsm 195651 in mgdsm 1951 in mgdsm
January 0.452 August €. 280 March 0. 685
February . 730 September . 282 April 692
March 1.01 October . 266 May . 403
April . 763 November . 265 June . 505
May .873 December . 349 July . 316
June . 501 January ('51) . 429 August . 289
July . 335 February . 542 September . 249
The 1950-51 water year 414

In former years aconsiderable number of grist and sawmills were pow-
ered by water stored insmall ponds throughout the basin. Although few mills
continue in use, the ponds are mow generally maintained for sport fishing
and recreation. The DuPont Nylon plant and municipal powerplant at Sea-
ford and the powerplant at Laurel are the largest water-using facilities,
Together, they use a maximum of about 135 cfs (60, 300 gpm) for cooling
purpocses. The water is obtained from Nanticoke River and Broad Creek at
locations which are affected by tides but have not as yet been contaminated
by salt-water encroachment. The useof surface water and ground water for
supplemental irrigation has increased rapidly in recent years because the
dominance of agriculture in the economy has spurred adoption of newly-
developed equipment and techniques. The sizeable investments infarm equip-
ment and canning plants militate against suspension of operations because
of drought cenditions.

The several chemical analyses shown in table 1] and determminations re-
ported by Aulenbach and Kaplovsky {1958) indicate that the chemical quality
of the surface water of the Nanticoke River basin is, in general, very good.
The water is soft, slightly acid, and low in chloride. The undesirable fea-
tures are a relatively high iron content and a tendency tobe somewhat corro-
sive. Although there are no facilities for the treatment of domestic or indus-
trial wastes except at the DuPont Nylon plant in Seaford, the pollutionproblems
were found tobe localized in nature. Treatment plants have been planned by
the municipalities of Seaford and Laurel.
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GROUND WATER

Ground water is water that occurs beneath the land surface and is free
to move by gravity to wells, seeps, and springs, It is stored in the zone of
saturation; a zone in which all of the interconnected openings or voids in the
rocks of the earth's crust are filled with water. The top of the zone of sat-
uration is called the "'water tabkle." Above the water table three other zones
are identified, each of which has some water in retention and some water in
transit, but none of these yield water to wells or springs,

The uppermost zone is called the soil zone or belt of scil moisture.
Water in the soil zone, called '"soil water, '" is retained by molecular and
capillary forces and is the principal supply for plants.

Between the soil zone and the water table, the rocks of the earth's crust
are only partly saturated. This zone is called the "zZone of aeration, ' the
"zone of suspended water," or the "vadose zone'" (Meinzer, 1923}. The bot-
torn of the zone of aeration is marked by the "capillary fringe'" in which
water is held by capillary tension against the force of gravity, but the water
in the capillary fringe is continuous with that in the subjacent =mone of sat-
uration,

In the soil zone, the zomne of aeration, and the capillary fringe, the prin-
cipal direction of water movement is vertical: there is little lateral move-
ment. However, within the zone of saturation, water moves readily ---down-
ward, sideward, and even upward ---in response to changes in the hydraulic
gradient. Rock materials that are suificiently permeable to transmit water
are called aquifers, those that are relatively impermeable are called aqui-
cludes.

Ground water occurs either under water-table (unconfined} conditions or
under artesian (confined} conditions. Water-table conditions prevail where
the upper surface of an aquifer is exposed to atmospheric pressure, whereas
artesian conditions exist wherever an aguifer is completely saturated and the
water therein is confined under pressure by an impermeable layer or aqui-
clude. A well pumping from a body of unconfined water actually dewaters
the aquifer, obtaining most ofthe water from storageinthe immediate vicin-
ity of the well., A well pumping at the same rate from an artesian aquifer,
lowers the pressure over a wide area, and the water taken from storage
becomes available as a result of the slight compression of the aguifer skel-
eton over the entire area of influence or asa result of dewatering of deposits
beyond the limit of confinement.

PROPERTIES OF WATER-BEARING MATERIALS

The mass properties of the water-bearing materials that chiefly affect
their water-bearing character are the grain-size distribution, or sorting,
and the grain arrangement, or packing. The permeability, porosity, spe-
cific retention, specific yield, and moisture equivalent, are bulk and fluid
properties that are dependent upon the granular properties. All of these
properties except grain arrangement or packing can be expressed quantita.
tively, based on measurements made either in the field orin the laboratory.
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Grain-5ize Distribution

The grain-size distribution of a rock or soil is determined in the labo-
ratory by mechanical analysis, using standard sieve and hydrometer methods
(Krumbein and Pettijohn, 1938). If the grade-size percentages are plotted
as curnulative frequency curveson semi-logarithmic graph paper, the graphs
can be used to determine the median grain diameter (Md) and the coefficient
of sorting {So) as defined by Trask (1932}). The median or average grain
diameter canbe read directly from the cumulative frequency graph by noting
the grain diameter of the middlemost grain as indicated by the second quartile
ar 50 percent line. The sorting coefficient, So, is defined as the square root
of the ratio of the first quartile {25 percent line, Qj}to the third quartile {75
percent line, Q3) as follows:

so = Vai7as
According to Trask ({1932} well sorted sediments have values of So less than
2,5, moderately sorted sediments range from 2.5 to 4.0, and poorly sorted
sediments have values larger than 4, 0,

Permeability and Porosity

The permeability of a rock is a measure of its ability to transmit fluid
under pressure {Meinzer, 1323, p. 44}. The porosity of a rock is its prop-
erty of containing interstices and commonly is expressed as the ratio of
aggregate volume of interstices to its total volume. This ratio is usually
stated as a percentage, Porosity and permeability are not directly related
properties: a clay may have a high porosity, but a very small permeability;
conversely, a crystalline rock, having only a few widely separated fissures,
may have a low porosity, yet owing to fluid movement through the fissures
it may be highly permeable,

Quantitative meusurements of permeability are generally expressed as
the coefficient of permeability {P) which is defined asthe rate of flow of water
through a unit cross-sectional area of a rock material at right angles tc the
direction of flow if the hydraulic gradient is unity {Meinzer, 1923, p. 44).
Laboratory determinations ofthe coefficient of permeability are made using
either a constant or variable head apparatus described by Wenzel (1942).
Values for permeability ccefficients depend upon the size and arrangement
of the particles, being low for clay and other fine-grained materials, and
high for well-sorted gravel, Coefficients of permeability for water-bearing
materials are usually greater than 10 gpd per square foot.

The porosity of a rock is determined by measuring the bulk density and
particle density of the material, Porosity is then computed from the ratio
of {1} the difference between bulk density and particle density, to{2} the bulk
density, and is stated as a percentage. Unconsclidated sands usually have
porosities ranging from about 25 to 50 percent. Soft clays have porosities
usually between 30and 60 percent, although values as highas 90 percent have
been reported,

Specific Retention and Specific Yield

The specific retention of a rock is the percentage of its volume bccupied
by water that will be retained in the rock against the pull of gravity. The
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specific yield of a rock represents the percentage volume of water that will
drain out of the rock by the force of gravity, Thus, by definition, the spe-
cific yield equals the porosity of the rock minus its specific retention.

Measurements of specific retention and specific yield are made by in-
direct laboratory methods involving the moisture equivalent., The centrifuge
moisture equivalent of a rock is the amount of water, expressed as a per-
centage ofthe dry weight, retained by the material which has been first sat-
urated with water and then subjected toa force equalto 1,000 times the force
of gravity for one hour. The centrifuge moisture eguivalent is multiplied by
the bulk density of the sample to obtain the moisture equivalent by volume,
The centrifuge moisture equivalent by volume is then adjusted to specific re-
tention by a correction factor proposed by Piper (1933}, The specific yield
can then be calculated by subtracting the specific retention from the porosity
of the sample,

Experience in the Beaverdam Creek area (Rasmussen and Andreasen,
1959, p. 83) indicates that in normal water-level fluctuations, the actual
drainage, called "gravity yield" is only one-third to one~half of the specific
yield computed by the moisture equivalent methed, The "gravity yield'" is
approximately equal tothe coefficientof storage determined by pumping test
methods.

Laboratory Tests

During the course of this investigation the hydrologic properties of sur-
ficial sediments in Sussex County were determined by laboratory tests made
on 32 samples, The results are summarized in tables 12, 13, and 14.

Table 12 summarizes the properties of a dune sand, beach sand, and
alluvial sand, and of a basin silt, all of Recent age. The three sands are
well-sorted, medium-grained sands. The silt is from the basin of Savanna
"bay, ' and is representative of nine other analyses taken there. A pollen
sample from the basin silt of Savanna '"bay'' was identifiedby Dr, John Penny,
of LaSalle College, Philadelphia (personal communication) as containing a
flora of Recent age.

Table 13 summarizes the properties of the Parsonsburg sand, the sur-
ficial material deposited during the Pleistocene epoch, The wide range in
median grain diameters and sorting coefficients indicates the variable con-
ditions that prevailed. The median grain diameters of the samples tested
range from 0.01 mm to 0.99 mm and the sorting coefficient ranges from 1.2
to 10. 7.

Table 14 summarizes characteristics of the more uniform Beaverdam
sand, Well-sorted sediments predominate, and the median grain diameter
of 0.52 mm, although in the coarse sand range, verges on the medium-
grained sand range. The Beaverdam sand probably represents shoreline
estuarine conditions during an early glacial stage and subsequent interglacial
state of the Pleistocene epoch.
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FLUCTUATIONS OF WATER LEVELS

The water table in Sussex County is the principal water-level surface.
There are piezometric surfaces for each of the artesian aquifers -- in the
Miocene series -- however, these surfaces have not been defined in this
study,

The only record of fluctuation of the water level in the artesian aquifers
is the decline in water level at Milford in the "shallower Miocene sand™ des-
cribed in the preliminary Statewide report (Marine and Rasmussen, 1955,
p- 134-136). Early reports indicated that flowing wells were obtained inthis
aquifer in the Milford area where water levels are now more than 60 feet
below land surface, This decline in water level represents the cone of de-
pression caused by municipal and industrial pumping.

The fluctuations in the water table in Sussex County are shown in figure
2, a graph comparing average ground-water level with temperature, pre-
cipitation, and streamflow for a period from 1950 through 1957. The average
water level is derived from the monthly or bimonthly measurement of four
observation wells; Mi22-2 near Milford (formerly Mf 3); Ne34-1lnear Ellen-
dale (formerly Ne 1); Pg5l-1 near Millsboro {formerly Pg 4); and Qc24-4
near Laurel {formerly Qc 4). I addition to the four wells used to compute
the average water level, periodic measurements have been rnade in a well
near Greenwood, Nc45-1 {(formerly Nc 6), and cne at Lewes, Ni51-3 (for-
merly Ni 3).

The water table is relatively shallow throughout Sussex County, the great-
est depth to water being about 25 feaet below land surface, and in many of the
basin-like depressions the water table is at the surface during much of the
year, The average water level fluctuated between 7.5 and 11. 3 feet below
land surface, a range of 3.8 feet in 7 1/2 years. These average depths are
representative of ground-water conditions in the county as a whole.

There is a fair correlation between the average ground-water stage and
streamflow, because as much as 70 percent of the streamflow is derived
from ground-water discharge. This correlation is illustrated by the graph
of discharge of the Nanticoke River near Bridgeville (fig, 2).

There also is a correlation between average ground-water level and pre-
cipitation, but, the correlation is much poorer than might be expected. In
the winter the precipitation recharges the ground water readily, because the
demands of the soil zone are at a minimum, But during the growing seasonm,
demands for water by plants, and high rates of evaporation, prevent much
of the rainfall from passing through the soil zone, Only the more persistent
and larger rainfalls provide sufficient moisture for infiltration to the water
table, Therefore, only in those surmmer rmonths in which 6 or more inches
are recorded is the normal seasonal water-table recession appreciably al-
tered,

Both the ground-water levels and the streamflow reflect the inverted
average temperature curve, reaching higher stage and higher flow in the
winter, when the water loss by evapotranspiration is at a minimum, and
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reaching-low stage and low flow in summer or early autumn when the cumu-
lative effect of evapotranspiration is greatest. There is a lag of about 2
months between higher average temperature, in late July, and lowest water
level and flow, in late September. The hours and intensity of sunlight dimin-
ish late in the summer, so that evaporation opportunity decreases; however,
the plants are larger and their water demand greater, hence, their transpir-
ation continues to increase until harvest, or until the first killing frost.

Itis obvious that the demand for irrigation water will be greatest during
the season whenthe ground-water levels and streamflow are lowest, Never-
theless, in most placesg in Sussex County, there are plentiful reserves of
shallow ground water instorage, evenat times of lowest natural water level,
that could supply large quantities of water to irrigation wells, Streams and
shallow dug ponds are likely to dry up, or prove inadequate for irrigation
supply during the dry seasbn.

AQUIFER HYDRAULICS

Each aquifer has specific characteristics which govern the rate of yield
of water: two of these arethe formation constants, the coefficients of trans-
missibility and storage. The coefficient of transmissibility, T, is the pro-
duct of the saturated thickness and the coefficient of permea.biTity. It is ex-
pressed as the rate of flow, at the prevailing water temperature in gallons
per day, through a vertical strip of the aquifer 1 foot wide extending the full
saturated height of the aquifer under unit hydraulic gradient. The coefficient
of storage of an aguifer, S, is defined as the volume of water it releases or
takes into storage per unit surface area of the aquifer per unit change inthe
component of head normal to that surface.

In addition to the formation constants, the finite boundaries of an aquifer
may influence the performance of wells, particularly nearby wells, quite
significantly. The overlying and underlying confining beds of artesian ag-
uifers may be relatively impertneable and virtually prevent vertical move-
ment from above or below. Commonly, the confining beds are leaky, and
allow vertical flow of water into or out of the aquifer.

Most of the aquifers in Sussex County are brimful and discharge to streams
throughout the year, Some of the artesian aquifers lose water by upward
leakage throughthe confining beds and discharge at altitudes near sea level,
along bays, estuaries, and streams,

For the water-table aquifers near the sea or bay shore, the presence of
a salt-water interface beneath the land places an important limitation onthe
rate of withdrawal of fresh water. This latter situation is discussed in the
special section on Lewes (p. 103},

The coefficients of transmissibility and storage can be determined by
means of aquifer tests developed and employed by the U. 8. Geological Survey
over the past 20 years and now widely used by hydraulic engineers and geal-
ogista {Brown, 1953), From such tesis, inferences on future water-level
changes at specified rates of pumping from proposed wells can be made.
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QUALITY OF GROUND WATER

Inthis discussion of the quality of ground water, emphasis is placed upon
the chemical and physical character of the water. The problem of bacterial
or radiclogical pollution of ground water fortunately is rarein Sussex County
andg, therefore, is not considered here.

The chemical and physical character of ground water is generally ex-
pressed by means of an analytical statement of the compesition and proper~
ties of a water solution, The ionic form of statement is used for substances
known to be dissociated into positive ions, or cations, and negative ions, or
anions, Other substances, including dissclved gases and colloids which are
not known to occur in dissociated form, are reported either as an oxide or
as an uncombined element. The principal jonized constituents in the ground
waters of Sussex County include the cations, calciufn, magnesium, sodium,
and potassium, and the anions, carbonate, bicarbonate, sulphate, chloride,
fluoride, and nitrate. Other substances thatare present include silica, iron,
manganese, alurminum, phosphate, and carbon dioxide,

The properties commonly reported in analyses of ground water include
color, turbidity, dissoclved solids, specific conductance, hardness, acidity,
and temperature. The source and significance of all these constituents and
properties are discussed in detail by Hem (1959).

General Chemical Character

Analyses of ground water obtained during this investigationare presanted
in tables 15 and 16. Table 15 contains the results of analyses made by the
U. S. Geological Survey, Branch of Quality of Water, and table 16 contains
analyses cbtained from other sources, The analyses are reported in parts
per million (ppm} by weight. Some of the analyses are incomplete, in that
quantitative tests or standard calculations were not made for all of the dis-
solved and suspended material present.

Included inthe analytical data are the results of analyses of 142 samples
from 97 wells ranging in depth from 6 to 242 feet below land surface., A
total of 120 samples were obtained from shallow aquifers of Pleistocene and
Pliocene{?} age, and the remaining samples were taken from aquifers of
Miocene age., It should be noted that for sizeable areas in Sussex County,
no water analyses are available,

Ground water in most sections of Sussex County, based on the data con-
tained in tables 15 and 16, is soft, is low in iron and chloride content, is
relatively low indissolved solids content, and may beused for most purposes
without further treatment, Nevertheless, shallow ground water, from marsh
areas, is often malodorous and distasteful. Moreover, in some places, the
water is high in iron content (more than 2,0 ppm)and ina few localities near
the coastline, it is saline. These characteristics are shown graphically on
the map, figure 13, which is based chiefly on analyses of water frorn munic-
ipal and industrial wells.
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Figure 13. Map of quality of the well waters of Sussex County.
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Relation to Use
Excessive concentrations of various constituents in water make it un-
useable for certain purposes. Limits of iron, dissolved solids, and hard-

negs are tabulated below for various useas.

Maximum content in parts per million

Industrial Use Iron Dissolved Hardness
solids as CaCO3

Cooling water 0.5 - 50

Food equipment washing 0.2 850 10

Food processing, general 0.2 t0 0,3 850 106-250

a/

Ice, Taw water 0.03t0 0.2 170-350 70-72

Laundering 0.2 - 0-590

Rayon and textiles manufacture 0.0to 1.0 - 0-55

b/ ef
Boiler feed water - 50-3, 000 2-80

Adapted from: Water Quality Criteria - California, Water Pollution
Control Board, 1952,

af
~ Water with concentrations as much as 1,300 ppm has been used
successfully.
b/
Varies according to pressure of boiler.
cf
= varies according to pressure of boiler,
at 0-150 psi ., . . . 80 ppm
at 150-250 psi . . . 40 ppm
at 250-400 psi . . . 10 ppm
over 400 psi . . . . 2 ppm
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Tentative standards for irrigation waters were established by Magistad
and Christiansen (1944) and are given in the table below:

Specific Salt Sodium Boron
Water class conductance content percent PPm
(micromhos ppm Lf
at 259)
L. Excellent to Below Below Below Below
good 1, 000 700 60 0.5
2. Good to 1, 000 to 700 to 60 to 0.5 to
injurious 3,000 2, 000 75 2.0
3. Unsatisfactory Above Above Above Above
to injurious 3,000 2, 000 75 2.0

1/ Equivalent to "total dissolved solids. ™

According to Magistad and Christiansen (1944), the salt content in each
clags canbe raised 50percent ifthe salts present are largely sulfates. They
add "I a water falls in class 3 on any basis, i. e., conductance, salt content,
percentage of sodium, or boron, it should be classed as unsvitable under
most conditions, " This latter view has been modified somewhat following
studies by the U. S. Salinity laboratory staff {1954). A brief summary of
paperson irrigation waters hasbeen prepared by the U, S, Geological Survey
(1954, p. 9-14}. Hem {1959, p. 229-230, 242-251) gives a general discussion
of the problems, A

Treatment

Water of inferior quality frequently can be improved at reasonable cost
by treatment, if the water is malodorous, corrosive, hard, eor has trouble-
some iron and manganese content. However, little can be done to reduce the
total dissolved solids content: the processes of distillation and ion-exchange
are expensive and there is no foreseeable need for them in Sussex County.

COne of the commonest methods of water treatment isthe lime-soda proc-
es5s which consists of adding calcium oxide (quicklime) and sodium carbonate
{soda ash) to the water to be treated. The lime absorbs free carbon dioxide
and changes the soluble bicarbonates of calcium and magnesium, the hard-
ness forming constituents, into insoluble calcium carbonate and magnesium
hydroxide. Similarly, the addition of the soda ash changes the sulfates of
calcium and magnesium into calcium carbonate and magnesium hydroxide,
which are inscluble salts and, thus, form a sludge which can be removed.
This process is used at three locations at Bethany Beach: the municipal
plant, the U, 5. Army camp, and a private water company just north of the
town,

A common method of treatment of water for domestic use in the eastern
part of Sussex County, where hardness associated with saline water locally
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is a problern,is the zeolite softening process, which involves the use of com-
plex compounds of sodium, aluminum, and silica, called zeolites. Zeolites
have the faculty of exchanging bases and when water containing calecium and
magnesium passes over zeolite filters, the alkaline earth elements are ex-
changed for sodium in the zeolite compounds. The exchange softens the
water, but increases its sodium content. The zeolite is regenerated by back-
washing with brine, which replaces the sodium in the zeolite and withdraws
the calcium and magnesium ina chloride solution. The process is notalways
successful with water of high turbidity or high iron content.

Aeration is the process of exposing water to the air, It is accomplished
by spraying water intcthe air, passing air under pressure intothe water, or
allowing water to cascade over slats or flow through beds of coke or other
material. The process adds oxygen tothe water and reduces tastes and odors
caused by decomposition of vegetation by the liberation of dissolved gases
such as hydrogen sulfide, Also, undesirable amounts of iron and manganese
in water can be oxidized to the insoluble ferric and manganic oxides. How-
ever, iron in combination with organic matter in water is more difficult to
remove. Aeration equipment has been employed in municipal supply systems
at Lewes, Rehoboth, Bethany Beach, Georgetown, and at the Army camps at
Bethany Beach.

Many small water supplies that are troubled with excessive iron have
been treated successfully with a sequestering agent such as sedium hexameta-~
phosphate, sold commercially for use ina container which is attached to the
suction side of a pump. The crystals of hexametaphosphate dissolve at a
rate proportional to the pumping. The iron is not removed, it is "sequest-
ered, " that is, it forms a protected compound with the hexametaphosphate,
and passes on through the water systern without precipitating as a stain, The
hexametaphosphate is reported successful on concentrations of irom up to
about 5 ppm, but above that concentration it is not a reliable deterrent to
staining.

WATER-BEARING CHARACTERISTICS OF THE GEQLOGIC FORMATIONS

The geologic formations occurring in Sussex County are discussed inthis
section in order of geologic age from oldest to youngest, This arrangement
is opposite to the order in which the formations would be encountered in

drilling a well. -

Pre-Tertiary Systems

The rocks ofthe Precambrian, Paleozoic, Triassic, and Cretaceous sys-
tems are not used as sources of ground water in Sussex County, and hence
are little known. For the purposes of this report, they are summarized in
table 1 and on the geologic cross section, plate 6. It should be noted how-
ever, that waters from aguifers inthese formations probably would be warm
and highly mineralized.

Tertiary System

Information on the character of the Tertiary deposits in Sussex Couaty
has been ¢btained chiefly from two deep oil-test wells, ©d23-1 and Od23-2,
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about 4 1/2 miles southeast of Bridgeville (plate 3). Well Od23-2 was drilled
in 1935 to a depth of 3,012 feet, and logged lithologically. Well Od23-1
drilled nearby, was logged both lithologically and electrically, from 520feet
ta 2, 585 feet. A composite log of both wells is given in plate 9,

The electrical log of well Odz3-1 (plate 9} shows a self-potential (SP}
curve on the left, and a normal resistivity (R) curve on the right, The de-
flections of the SP curve correspond to the drop of potential created by the
circulation of an electrical current throughthe formations and the fluid which
fills the borehole. The deflections are measurable in millivolts {mv), pos-
itive to the right and negative tothe left. The SP curve is used to relate the
character of the fluid inthe well bore tothat in the formations penetrated by
the well., Formations containing interstitial water that is more conductive
than the borehole {luids are marked by negative deflections, whereas the for-
mations containing interstitial water that is less conductive than the bore-
hole fluid are identified by positive deflections,

The resistivity curve shown on plate9 records the changes in the appar-
ent resistance offered by individual strata tothe passage of an electric cur-
reant. Resistivity is commeonly measured in ochm-meters sguared per meter
{ohm m2/m) and expressed as ochm-meters, The apparent resistivity of in-
dividual strata asmeasured byelectric logging devices is strongly influenced
by the presence of and conductivity of the interstitial fluids. Low resistiv-
ities are generally associated with deposits of clay or silt, and, likewise,
beds of sand containing highly mineralized interstitial solutions, It follows
that the highest resistivities are recorded for clean sands containing rela-
tively.fresh ground water.

COnthe basis of paleontological data obtained from a study of the materials
penetrated by well Od23-1 (table 2), the Tertiary sediments in Sussex County
have been subdivided into four parts: the Paleocene, Eocene, Miocene, and
Pliocene{?) series.

Paleocene Series

The Paleocene series in Sussex County hasbeen recognizedinthe Bridge-
ville oil-test well on the basis of Foraminifera of Midway age (see table 2,
well 0d23-1). The interval, illustrated on plate 2, is about 200 feet thick,
and consists of fine greensand and clay. It is unimportant as a source of
water because the sand is saturated with highiy mineralized water and the
clay functions as an aguiclude.

Eocene Series

The Eocene series has been identified on the basis of microfossils in
wells at Milford and Seaford, in addition to the oil-test well near Bridge-
ville {see Mel5-11, Pc33-1, and Od23-1, in table 2), In the Bridgeville oil
test, the Eocene series is logged as being 382 feet thick (pl. 9). It is com-
posed of glauconitic sand, sandy shale, and indurated rock, which may be
litnestone, and it extends from 738 to 1, 120 feet below land surface. In the
geologic cross section {pl. 6) the Eocene series is interpreted as dipping
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toward the southeast at a rate of 30 feet to the mile. It decreases to a thick-
ness of about 100 feet in the southeastern part of the county.

Following the terminology used in Maryland, the Eocene series has been
divided into three formations: the Aquia greensand (equivalent tothe Vincen-
town sand of New Jersey), the Nanjermoy formation, andthe Piney Point for-
mation. Interpretation of the log {pl. 9) indicates that the lower part of the
Eocene series, which includes the Aquia greensand and the Nanjemoy forma-
tion, would yield little water to wells and therefore is unimportant as a source
of ground water in Sussex County,

The upper part of the Eocene series, the Piney Point formation, is a
medium-to-fine-grained, somewhat glauconitic sand, It occurs in well Od23
-1 {pl. 9}at a depth of 740 feet to 850 feet. Inaamuch asa high-capacity city
test well has been developed in the Piney Point formation at the Air Force
Base at Dover {Rasmussen, Groot, and Depman, 1958}, it is a possibility
that a productive well could be developed inthis formation at Milford, where
it has been identified in Me15-11 as medium to fine sand at 637 to 777 feet
below land surface. It is a productive aquifer in southern Maryland and a
potential aquifer for the northern and western part of Sussex County,

No chemical analyses are available to provide information on the char-
acter of the water in the Piney Point formation, but the electric log {pl. 9),
indicates that the water in the formation in northwestern Sussex County is
only slightly mineralized. However, onthe Isle of Wight, Worcester County,
Md. , 4 miles south of the Sussex County line, a well flowing from a depth of
1, 706 feet yield water having a chloride content of 2,550 ppm (Rasmussen
and Slaughter, 1955, p. 78). Therefore, it appears likely that the Piney
Point formation containg highly mineralized water in southeastern Sussex
County.

The Eocene series crops out’ina belt about 40 miles northwesterly from
Sussex County, extending from Annapolis, Md., through Middletown, Del.,
and Salem, N.J. Forthemost part this belt is mantled by Pleistocene sand,
through which it receives some recharge water by infiltration.

Miocene Series

The Miocene series forms a relatively thick wedge of sedimentary strata
underlying all of Sussex County. It is composed in large part of clay, but
containg geveral useable aquifers. The Miocene series presumably rests on
the eroded surface ofthe Eocene series, for the intervening Oligocene epoch
was a titne of erosion or nondeposition inthis area, Wells at only three sites
in the county {Milford, the oil tests near Bridgeville, and Seaford) have been
drilled through the entire Miocene section, Thegeologic cross section, plate
6, shows the overall structure relations, the prevailing scutheasterly dip,
and thickening towardthe southeast. The Miccene series ranges in thickness
from about 500feet in northwestern Sussex County to 1,550 feet beneath Fen-
wick Island in the southeastern corner of the County.

Two detailed cross sections, plate 10, show the generally conformable
relations and southeasterly dip of the formations of the Miocene series in
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contrast tothe highly unconformable channel-fill deposits of the Pliocene{?)
and FPleistocene series, which overlie it. The Miocene series is composed
of four formations in Delaware: the Calvert, Choptank, and St. Marys for-
mations, and the Cohansey sand (Miocene?),

Calvert formation

The Calvert formation of middle Miocene age is the lowest unit of the
Miccene section in Delaware, overlying the Eocene series unconformably.
It consists of gray diatomaceous silt and clay, and sparsely glauconitic gray
sand., In Ni34-1 at Lewes, an old test well, the Calvert formation was found
to extend from 407 to 1,020 fecet below land surface, a thickness of 613 feet.
Water was encountered at 625, 750, and 911 feet below land surface, but the
water at 911 feet was of unsatisfactory quality (Clark, Mathews, and Berry,
1918, p. 489}, In the log of well 0d23-1 (pl. 9) the boundaries of the Calvert
formation have not been delimited, but on the basis of lithclogy, the section
between 357 and 738 feet below land surface may be the Calvert, The elec-
tric log indicates a fresh water-bearing sand in the interval 520 to 610 feet.

At Oak Grove, in well Pbl3-1, a sand aquifer extending from 240 to 300
feet below land sugface is found in the Calvert formation., This sand has
been correlated with the Nanticoke aguifer of the adjacent area in Maryland
{Rasmussen and Slaughter, 1955, p. 80, 81; 1957, p. T2). Well Pbl3-1is
pumped at 150 gpm and has a specific gravity of 1.6 gpm per foot of draw-
down. At Seaford, well Pc33-1 penetrated the Calvert formation. The top
is difficult to distinguish, but may be at 336 feet below land surface, The
bottom contact with the Eocene series appears to be at 666 feet. The Nan-
ticoke aquifer may be productive in southwestern Delaware over an area of
a few square miles, in the interval ranging from 200 to 400 feet below sea
level.

In well Mel5-11 at Milford, the interval 298 to 637 feet below land sur-
face has been identified as Calvert formation. The uppermost sand, sand-
sione, and gravel has tentatively been correlated with the Cheswold aquifer
of Kent County (Rasmussen, 1955, p. 60). This aquifer is tapped bya munic-
ipal supply well in the northern part of Milford,

Choptank formation

The Choptank formation presumably underlies all of Sussex County at
depths ranging from about 100 feet below land surface in the morthwestern
part of the county {see plate 10) to 700 feet below land surface beneath Fen-
wick Island {Rasmussen and Slaughter, 1955, pl. 2). The formation is gen-
erally an aquifer in nearby Maryland, providing water to an estimated 1,500
wells in Caroline, Dorchester, and Talbot Counties {Rasmussen and Slaugh-
ter, 1957, p. 73). The formation includes the Frederica aquifer of Delaware
(Rasmussen, 1955, p. 60) which provides water in southern Kent County and
in Sussex County at Milford, Two wells at Milford (Mel5-13 and Mel5-5)
are reported to yield 373 gpm and 400 gpm respectively,

The quality of water of the Frederica aquifer at Milord is given in table
15 for wells Mel5-3, -9, -10, and ~13. The water is high in calcium bicar-
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bonate and the hardness is about 140 ppm as CaCQ3. The water contains
about 200 ppm total dissolved solids. It is low in iron and in all constituents
except silica, of which it contains about 55 ppm., The pH is 7.7, slightly
alkaline.

The Choptank formation has been logged in wells at Milford (Mel5-11,
150 feet thick), near Bridgeville {Od23-1, where it is indistinct), at Qak
Grove (Pbl3-1, 65 feet thick), at Seaford (Pc33-1, 132 feet thick), and at
Fenwick Island {Rasmussen and Slaughter, 1955, pl. 2), It is described as
a quartz sand containing shells and I;Iue—gray clay and many hard beds.

In summary, the Choptank formation may be regarded as a potential aq-
uifer atmoderate depths beneath western and northern Sussex County, yield-
ing ahard water suitable for most purposes. Theintake area for this aquifer
lies about 15 miles northwest of the northern boundary of Sussex County (see
Rasmussen and Slaughter, 1957, p. 68).

5t. Marys formation

The St. Marys forration is a significant aquiclude throughout Sussex
County. It comprises a relatively impermeable sheaf of beds of gray fine
sand, silt, and clay. As illustrated in the two geclogic cross sections, {pl.
10}, the St, Marys formation is in conformable contact with the Choptank
formation below, and the Cohansey sand above. The Cohansey sand directly
overlies the St. Marys formation only in the southeastern two-thirds of the
county, Elsewhere, the S5t. Marys formation is unconformably overlain by
channel deposits of the Pliccene(?) series and the Pleistocene series,

The St. Marys formation is not known to yield water in Sussex County,
although it may prove possible to develop small domestic wells locally in
some of the fine sand layers.

Miocene(?) Series

Cohanse y sand

The Cohansey sand underlies the mantle of Pleistocene and Pliocene(?)
channel deposits throughout the southeastern two-thirds of Sussex County,
and includes at least two productive aquifers beneaththe area, The two geo-
logic cross sections in plate 10 illustrate the interpretation adopted in this
report, which is an extension of the interpretation of Rasmussen and Slaugh-
ter (1955, p. 93-103).

According tothis interpretation, the Cohansey sand is divisible into four
units. The basal part is a unjt which consists of gray sand with some silt,
called the Manokin aquifer. It ranges from 0 upto perhaps 100feet in thick-
ness {Bethany Beach area). The Manokin aquifer is overlain by a unit of
silt, fine sand, and highly lenticular clay, called the lower agquiclude, which
reaches a thickness of 74 feet in well Qj32-9. The lower aquiclude in turn,
is overlain by a unit of sand and intercalated silt and clay, called the Poco-
moke aquifer, whichis as muchas 60feet thick inthe vicinity of well Rh22-1.
In the southeastern corner of the State, the Pocomoke aquifer is overlain by

88



a less permeable deposit of very fine sand, silt, and clay called the upper
aquiclude. The thickness of the upper aquiclude in well Qj32-9 is about 40
feet.

This fourfold division, which ig shown in table 1, must be taken with
caution, however, as a provisional working hypothesia, Few wells penetrate
more than afew tens of feetinto the formation, and fewer still have logs that
have received careful study, The subdivision and study ofthe Cohansey sand
in Delaware is a project worthy of detailed geologic investigation.

Onthe basis of subsurface data, the buried surface of the Cohansey sand
is believed to have considerable relief. According to this interpretation,
shown on plate 10, the Manokin and Pocomoke aquifers form at least two
low-lying ridges, or cuestas, and the lower and upper aquicludes occupy
adjacent swales. By projection the ridge formed by the Manokin aquifer
supposedly underlies a belt about 7 miles wide that crosses the county from
the southwest corner, through Delmar, Laurel, Georgetown, and Milton, to
Delaware Bay. As shown onthe cross section(pl. 10}, an outline of the Man-
okin aquifer, near Milford, may be tapped by well Me45-1, In somewhat
similar manner, abelt about 6 miles wide passing beneath Selbyville, Frank-
ford, Dagsboro, and Indian River Inlet, would represent the subsurface out-
crop area of the Pocomoke aquifer,

The position of the sub-outcrop areas of the Manokin and Pocomoke aq-
uifers is an important feature from a hydrologic standpoint, for it ig in these
areas that the Manokin and Pocomoke aquifers are hydraulically connected
to the overlying channel deposits of Pliocene{?) and Pleistocene age. The
combined thickness of permeable deposits contributes significantly to the
yield and specific capacity of individual wells as evidenced by table 17 which
summarizes the available data on the yields and specific capacities of wells
that top the Cohansey sand.

The quality of water inthe Manokin aquiferis represented by sevenanal-
yses in tables 15 and 16 {Ni31l-1 at Lewes; Of42-1 at Georgetown; Pc24-8 at
Seaford; Pc55-1 at Broad Creek; and Qd21-2, -3, and -4 at Laurel}. With
the exception of Ni31-1, the analyses indicate that the waters are slightly
acidic, low in dissolved solids, soft, and low in iron content. The excep-
tional analysis, Ni3l-1 at L.ewes, indicates salt-water contamination near
where the outcrop area of the Manokin aquifer crosses Delaware Bay.

The quality of water in the Pocomoke aquifer shows considerable varia-
tion, as might be expected owing to its proximity to estuaring and ocean
waters, and to its dissection by chammels now filled with deposits of Pleis-
tocene and Pliocene{?) age. Six analysesare given in tables 15 and 16{Qh51
-7, -11, at Frankford; Qi55-2 at Camp Barnes, Qh32-7, -8 at Bethany Beach;
and Rh32-1 at Selbyville). With one exception, Qh51-7, the waters are high
in iron content which is characteristic of the Pocomoke aquifer in Somerset
and Worcesgter Counties, Md. {Rasmussen and Slaughter, 1955, p. 163). Chlo-
ride is low except at Bethany Beach, where well Qj32-7 and -8 contained 58
and 63 ppm chloride respectively, indicating some contamination. The waters
ranged from soft to hard, and the pH ranged from 5,6 to 6.7, Three sam-

89



Table 17. -~ Yields and specific capacities of wells in the Cohansey sand

Specific
Well Depth Yield capacity
feet gpm gpm per ft
Pocomoke agquifer
Qh31-7 74 85 2.1
Qh33-12 63 70 3.9
Qh4l-1 111 400 14.4
Qh51-9 98 120 4.4
Qh51-10 105 240 24 -
Qh51-11 98 240 14.5 -
Qh51-12 99 70 3.9 B
Qi34-1 85 120 2.3 \
Qj 32-6 60 97 6.4 ;
Qj32-7 69 202 l6.8 Y
Rg35-1 118 220 14.1 ‘
Rhl2-1 102 - 10
Rhi5-1 125 70 2.5
Rh32-2 110 500
Rh32-6 185 100 10
Manokin aquifer Conjunction with
Ng42-3 79 250 21 Pleistocene-Fliocene( ?)
Ng42-6 78 250 14 Do
Ng42-7 79 250 19 Do
Ng53-1 52 6 0.4 --
Nh42Z-1 87 100 5.7 -
Of42-1 11é 1,100 17.8 Fleistocene(?)
Of 42-17 110 500 8 Do
Of 42-23 110 1,005 34,5 Do
Of43-2 110 575 44.2 --
Og3z-1 88 65 z.8 -
Of52-1 106 80 IS | --
Pc24-8 68 420 15,5 Pleistocene
Pcb5-1 114 130 1.9 --
Pe23-2 84 &0 12,4 Pliocene(?}
Pj42-1 250 20 0.5 --
Qd21-2 91 500 12.9 Pliocene{?)
Qdzl-3 91 540 12,9 Do
QdZ1-4 94 730 12.8 Do
Qd2l-5 103 700 16,7 Do
Rh32-6 185 100 140 --
Rj 32-5 287 40 1.5 Do
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ples from wells Qh51-11, Qi55-1, and Qj32-7, showed turbidities of 90, 100,
and 90, respectively, remarkably high for ground water and possibly related
to their high iron content.

Pliocene(?) series

The Pliocene(?) series is composed of orange, red, or brown sand, con-
taining a few layers of clay and some gravel. It is not known to crop out in
Delaware, but is found in wells at depths ranging from 35 to 95 feet below
land surface. These sediments are identified as the Brandywine formation
in table 1 and plate 10, They occur at altitudes as high as 10 feet above sea
level, and as a fill material in channels carved in the Miocene sediments to
depths as much as 100 feet below sea level,

The maximum thickness of the Brandywine formation shown in plate 10
is 59 feet at well Rd31-8, Generally, the thickness of the Brandywine for-
mation i8 much less than 59 feet, but it is so variable that an average is
meaninglegs.

The contact of the red gravelly sand characteristic of the Brandywine
formation with the underlying gray, blue, or greenish sands, silts, and clays
of the Miocene series is sharp, and generally unmistakable in well samples.
The contact with the overlying white, gray, tan, buff, or light-brown gravelly
sands and silts of the Pleistocene series is in places distinct, but in some
sample suites it is gradational and is difficult to define accurately. Con-
sequently, the combined term, Pleistocene-Pliocene(?) series hasbeen used
in the well tables to indicate these units where they have not been differen.
tiated.

The red gravelly sand is not encountered in all weils. Plate 10 shows
that of the wells driiled deep enocugh to reach the Brandywine formation, 21
penetrated this unit and 16 did not. More specifically, along the western
cross-section, B-B {plate 10}, about 80 percent of the wells penetrated this
unit, but alongthe eastern cross-section A-A, it wasfound inonly 35 percent
of the wells.

The red gravelly sand is unfossiliferous, so far as is known, and its oxi-
dized character makes it unlikely that fossil pollen will be found, although
thin stringers of varicolored clay have been encountered at a few places, It
appears to be a continental deposit, occupying channels cut in the late Mio-
cene surface. The predominantly sandy character and presence of a few
small stones, suggests that the formation may be an alluvial-fan deposit,
although less coarse than those of the alluvial fans of the basin-and-range
province of the western States. " The highly-colored nature of the deposit is
probably caused by the presence of small amounts of hematite, which is red
ferric oxide, and limonite, which is yellow-brownhydrous ferric oxide, This
suggests that the materials accumulated in an oxidizing environment.

Although the red gravelly sand could have been formedin late Miocene(?)

tirme, the long time interval of the Pliocene epoch iz perhaps the most likely
time of formation of the Brandywine, Regional considerations indicate this
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was an epoch in which the continental land mass was rising, the streams
were rejuvenated, and weathered soils of the Appalachian Mountains and the
Piedmont were removed by erosion and carried to the Coastal Flain,

The red gravelly sand is correlated by the writers with the Pliocene(?)
Brandywine formation of Maryland, onthebasis of lithology and stratigraphic
pogition. This interpretation follows that made by Rasmussen and Slaughter
(1955, p. 103-108; 1957, p, 78-80), and Rasmussen and Andreasen {1959) on
the adjacent middle and lower counties of the Eastern Shore of Maryland, an
interpretation based ont{wo peg models prepared from well samples for those
areas. Campbell (1931) described the Brandywine as an alluvial fan, a "gand
and gravel brought down by the Potomac River during the period of down-
cutting, "' The sand and gravel spread out from a central point located near
what is now Waghington, D. C. and was deposited on a surface which sloped
from an altitude of 300 feet to below 100 feet. Hack {1955) considers the
Brandywine formation to be a channel deposit of a degrading and laterally
cutting stream such as the ancestral Potomac River.

Regardless of age the red gravelly sand is one of the important aquifers
of Susgex County, providing water to about 17 percent of the wells, Together
with overlying deposits of the Pleistocene series, it yields large quantities
of water at Lewes, Bridgeville, Seaford, Laurel, and Delmar. It is poten-
tially an important aquifer in areas south of Milford and Geoxgetown, Table
18 gives reported yields and reported specific capacities of wells tapping the
Pliocene(?) series and the Pliocene({?}-Pleistocene seriea. The yields range
from 15 to I, 050 gpm, The specific capacities range from 1.1 to 25,9 and
average about 10 gpm per fcot of drawdown for 29 wells.

The quality of water from the Pliocene(?) series is suitable for most
purposes; it is generally soft, low in chloride content, and generally does
not contain excesgive iron, The highest concentration of iron from the Plio-
cene{?) series, listed in table 15 was 1.0 ppm in well Oill-1, As was found
for the Pliocene(?)series onthe Eastern Shore of Maryland {(Rasmussen and
Slaughter, 1955, p, 107), in spite of the redness of the sand, the water ob-
tained from it is only occasionally high in iron content. One well driller
reports that he gets less "irony'" water from the '"red gravelly sand' than
does from the overlying light-colored sands,

Quaternary System

Pleistocene Series

The Pleistocene series has heen subdivided on plate 10, and in the well
logs appended to this report, into four formations: the Beaverdam sand, the
Walston silt, the Pamlico formation, and the Parsonsburg sand. The char-
acteristics of these formations are defined in table 1. All of these forma-
tions yield water to some wells; nevertheless, the yields fromthe sand layers
in the Walston gilt, the Pamlico formation, and the Parsonsburg sand are
small, The principal aquifer of the Pleistocene series is the Beaverdam
sand.
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Table 18. -- Yields and specific capacities of wells tapping

the Pliocene(?) series

L indicates well log listed in table 22,

Pleistocene and Fliocene{?) series Pliocene(?) series
Specific Specific
Well Depth Yield capacity Well Depth Yield capacity
feet gpm gpm per ft feet gpm gpm per ft

Me33-2 38 ‘20 I.1 L Mel4-6 21 15 - L
Mf23-3 82 20 2.2 L. Mf2l-1 63 180 15 L
Mg51~1 62 80 - L Ng24-2 85 40 4 L
Ne25-1 70 100 - L Ng52-2 70 20 L
Nc25-2 61 690 - Ocl4-1 108 300 -
Ne53-1 68 220 - Ocl4-2 94 200 -
Nd41-1 91 70 4.4 L  Ocl4-4 109 600 21,4
Ne25-1 67 100 - L. ©Ocl4-5 116 800 21,1
Ng42-4 60 250 - Ocl4-6 98 500 15.1
Ng42-8 60 250 - Ocl4-7 111 90 4.2 L
Ni4l-1 110 339 - Ohli-1 72 50 - L
Nid42-10 64 300 - L Ohll-2 84 75 3.8 L
Ni51-16 97 480 16 Oj41-22 120 100 9.8 L

510 12,5 Pc23-1 87 307 8.4 L
Ni51-17 157 500 11.3 L Pc33-3 83 10590 -
Ni51-18 89 400 11.1 Pc¢33-11 101 625 13,1
Nibz-1 94 100 20.0 L Pci3-4 100 650 18. 8
Ni51-13 87 35 3.5 L Pd2i-1 92 60 6.0 L
Nibl-14 87 30 2.5 L Pel23-5 115 100 6.7 L
Nibl-21 105 75 4.2 L Pgb4-1 105 400 12,5
Ni51-19 151 975 - Pgh3-8 87 350 - L
Ni5l-20 146 895 25.9 Rj32-6 95 60 -
Og23-1 64 150 3.7
Og23-3 78 336 7.8
Oilz-2 71 40 4 L
Pc33-7 82 1000 -
Ph55-1 80 85 -
Qd21-6 63 50 - L
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The grain size, permeability, and poroaity of samples from surface ex-
posures ofthe Pleistocene series are shownin tables 13 and 14, Coefiicients
of permeability of samples gbtained from well Qd21-2, believed to be rep-
resentative of unweathered deposits of Pleistocene age, were alsodetermined
inthe Hydrologic laberatory of the U, 5. Geological Survey, The resgults are
given in the following table;

Depth Coefficient of permeability
feet gpd per square foot

21 - 26 1, 847

31 - 36 978

67 - 75 4,011

75 - 80 939

The coefficient of transmissibility of the Pleistocene sgeries, or of the
Pleistocene-Pliocene(?) series undifferentiated, ig in the vicinity of 100,000
gpd per foot, as computed from aquifer tests at Lewes, Del. and Salisbury,
Md, Most of the Pleistocene aquifers are unconfined and their coefficients
of storage range from 0, 05 to 0. 20.

The Pleistocene series contains the principal aquifers of Sussex County,
as shown by the number of municipalities that obtain water supplies from
formations of this series, Public-supply wells at Greenwood, Rehoboth,
Millsboro, Dagsboro, Frankford, and Selbyville obtain water from forma-
tions of the Pleistocene series and at Bridgeville, Seaford, Laurel, Delmar,
and Lewes public-supply wells obtain water from formations of the Pleisto-
cene and Pliccene(?) series. Moreover, 67 percent of the scheduled wells
tap only the Pleistocene series, indicating that it is the chief aquifer in the
rural areas of Sussex County as well.

Table 19 summarizes the yield and specific capacity reported for 67 wells
in the Pleistocene series. Many of these wells are of modest yield, not
because of incapacity of the aquifer, but because the capacity of the pumps
is low and the wells were not constructed to obtain maximum yields. Yields
upto 1,000 gpm are listed. The Pleistocene series together with the Cohan-
sey sand and the Brandywine formation, supplies large capacity wells, as
shown in tables 17 and 18. The average specific capacity of 24 wells in the
Pleistocene series is 8,9 ppm per foot, although the range is from 1.0 to 31.

The quality of water from the Pleistocene series is, in general, suitable
for most purposes (see tables 15 and 16). Except for a few analyses from
wells contaminated with salt water along the coast, the water is generally
very low in dissclved-solid content, that ig, less than 100 ppmn. The water
is usually soft or only moderately hard, and contains no troublesome con-
stituents except iron. The content of iromn is sporadic: in somne wells it is
very low, in others it reaches a maximum of as much as 8,0 ppm. Mills-
boro, in particular, is troubled by excessive iron content(see wells Pg53-1,
54-3, table 16). The pH of the water from the Pleistocene series commonly
is low, and insome systems treatment is needed te avoid corrosionof pipes.
For example, the water from wells at Seaford has a pH of about 5.5 {table 16).
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Table 19, -- Yields and specific capacities of wells in the

Pleistocene series

L indicates well log listed in table 24,

Specific Specific
Well Depth Yield capacity Well Depth Yield capacity
feet gpm gpm per ft feet ppm gpm per ft
Mel4-5 35 12 1.0 L Qj41-8 94 110 - L
Mel5-12 40 100 - 0j41-9 98 100 5.6 L
Mel5-17 73 25 2.3 L ©j4i-10 100 60 2.6 L
Mel5-27 38 50 4.3 L (Cj41-11 103 105 - L
Mf11-1 47 65 - L Oj4l-12 110 80 - L
Mf11-2 42. 5 50 - L  Qj41-13 107 30 3.8 L
Ncl15-1 38 45 2,1 L 0j4l-14 109 90 - L
Ne25-8 50.8 100 2.5 L 0Oj41-15 111 100 - L
Ngl2-1 61 300 16,7 L 0j41-16 111 100 6.6 L
Ng35-2 47 40 - L Oj4l1-17 105 50 -
Ng4Z-1 68 200 31 L. ©j41-18 105 60 4.0 L
Ng42-2 68 200 31 L 0Oj41-19 100 40 - L
Ng42-9 32 40 1.4 L 0Oj41-23 115 80 - L
Np52-1 56 15 - L 0j41-25 100 100 - L
Ng55-1 75 100 - L 0Qj31-5 113 30 - L
Ni3]-3 60 100 14 0j31-6 38 50 - L
0i34-1 131 725 22.7 L 0Qj4l-26 110 100 5.6 L
Oiz4-1 102 378 5.8 L 0j3l1-9 40 FAY -
0i34-3 116.6 500 - L . Pc24-1 80 300 -
0iz5-1 1138 60 12 L Pc24-2 80 300 -
0i34-5 104 85 10 L Pc24-3 &0 350 -
0i35-18 119 80 16 L Pcl3-1 41 15 1 L
©i35-19 110 40 - L Pc33-2 87 1000 -
0i35-20 77 37 - L Pc33-5 98 540 1.7
0i35-21 134 - 7.5 L  Pc33-9 82.9 640 23.7
0ilz-1 73 25 2,5 L  Pc33-10 78 600 23,6
0Qi34-2 123 750 - Pc25-1 45 60 5,5 L
Oj3l-4 120 60 - L Pc23-3 95 800 28 L
Oj41-2 108 80 - L  Pc23-7 84 37 5.3 L
0Oj41-3 101 100 - L Pe23-3 40 20 -
Cj4l-4 102 50 - L Pg3l-1 80 120 -
0j41-5 112 40 1.6 L Pg3l-2 86 90 - L
0j41-6 102 85 - L Rd31-8 126 290 10 L
0j41-7 117 100 - L
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Recent Series

Sediments of the Recent series consist of the soil, the coastal dunes,
marsh muds, swamp and bog peat, alluvium, and man-made fill. A signif-
icant portion of the land area of the county is covered by these materials.

Areas of dune and beach sand are favorable to recharge of underground
water because the specific retention is low and the permeability is high (see
table 12). A sample of Recent dune sand was collected about 1 mile north of
Rehoboth in the dune area along the Atlantic shore. The sample had a coef-
ficient of permeability of 1, 030 gpd per square foot, a porogity of 41.9 per-
cent, aspecific retention of 0, 5 percent, and a specific yield of 41.4 percent,
A sample of beach sand collected 1 mile north of Rehoboth along the Atlantic
shore at the strand line had a porosity of 44. 2 percent and a coefficient of
permeability of 1,530 gpd per square foot (table 12}, The dunes of Delaware
supply small quantities of water to small diameter wells where the guality
of water is suitable for dornestic use.

A sample of alluvium was collected near Lewes, south of the new muni-~
cipal well field, where a small road crosses Ebenezer creek, The sample,
taken at stream level in the creek bed, was found to have a porosity of 34,7
percent, a coefficient of permeability of 220 gpd per square foot, a specific
retention of 17.8 percent, and a specific yield of 16.9 percent.

In several gravel pits in the county, a remarkably uniform black sandy
soil about 6 inches thick, is found at the surface. The analyses of 'basin
silt" from Savanna '"bay' are given in table 12 as representative of this
swamp-type soil, which occcurs in many undrained depressions inthe county.

UTILIZATION OF GROUND WATER
By Durward H. Boggess

The average use of ground water in Sussex County was about 19 million
gallons per day (mgd) in 1957, the latest year for which pumpage data have
been compiled. Pumpage for industrial and commercial uses accounted for
about 61 percent of the total ground water used, or approximately [1.6 mgd.
In addition, Z] percent or 4, 0 mgd, was withdrawn by public water-supply
systems for municipal and institutional purposes. The remaining 18 percent,
or 3.4 mgd, was withdrawn for rural uses. It should be noted however, that
peak demands on the ground-water resources, representing 3 to 4 times the
daily average, occur during the summer months when resorts are ingreatest
use, canneries are in full operaticon, and irrigation is at a maximum. The
magnitude and distribution of the principal centers of pumping are shown
schematically on figure 14.

Public Sugglies

Ground-water supplies havebeendevelopedfor publicuse in Sussex Coun-
ty by 14 municipalities and 3 institutions. These systems serve 36 percent
of the population of the county, and furnish water for nearly all residential
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Figure 14, Map and diagram of utilization of ground water in Sussex County,
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Table 20, --Average daily pumpage of ground water for public use in

Sussex County in 1957, by geologic source

Pumpage {thousand gallona per day)

Pleistocene~Pliocene(?) Miocene(?) Mioccene
series series series Total
Beaverdam sand and Pocomoke Manokin Frederica
Brandywine formation aquifer aquifer aquifer

Municipalities
Bethany Beach 40 40
Bridgeville 150 150
Delmar 330 330
Frankford 60 60
Georgetown 350 350
Greenwood 35 35
Laurel 600 600
Lewes 685 685
Milford 250 250
Millsbora 30 30
Milton 150 150
Rehoboth 450 450
Seaford 607 607
Selbyville 45 45 90
Institutions
Bethany Beach Army

Camp 25 25
Delaware State Coleny 100 100
Fort Milea 80 80
Total 2, 662 170 950 250 4,032
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and commercial needs, and for part of the industrial uses within their re-
spective service areas. Table 23 shows the average daily use of ground
water by eachof these systems and identifies the geologic source from which
the supplies are obtained,

Industrial Supplies

The amount of ground water used by industries in Sussex County exceeds
the combined amounts used for all other purposes. Much of the industry
within the county is concerned with the processing of agricultural products,
mainly fruits, vegetables, and poultry. Listed on table 24 are all industries
using significant quantities of ground water and the source, or aquifer from
which it i3 withdrawn. The industries are grouped according to area, as
some companies operate in several areas,

Rural Water Supplies

Rural water supplies include water used for domestic purposes, for farm
stock use, and for irrigation of crops. In 1957 an average of 3.4 million
gallons daily was withdrawn from ground-water sources in Sussex County
for these purposes. Most of this water is obtained from wells less than 100
feet deep, tapping aquifers in the Pleistocene or Pleistocene-Fliocene(?)
series.

Domestic

The rural domestic use of ground water in Sussex County was about 2
mgd in 1957. Domestic use includes mainly householduse for drinking, sani-
tation, cooking, washing, and lawn watering, representing the primary use
by man, Individually, the amount of water used per house or per person is
relatively small, but collectively the amount is significant, The estimated
population of Sussex County was about 69, 000 in 1957 of which about 25, 000
persons were served by municipal water supplies. The remaining 44, 000
persons represent the rural population{including small towns without munic-
ipal supplies} which obtains water from individual home wells. The per capita
use of water for houses with running water {(equipped with electric pumps)
averaged 60 gpd, while the per capita use for those without running water
averages only about one-sixth of this amount, or 10 gpd, Rural domestic
water use may then be calculated by multiplying the per capita use by the
population served in each category.

Farm Stock

An estimated 1.1 mgd was used for watering farm stock in 1957, The
greatest amount, about 64 percent, was used for chicken broiler production.
The total daily useby farm stock was computed by multiplying the total num-
ber of each type of farm animal by their estimated daily requirements and
summing up to the total amounts used by each type. Estimated daily water
requirements include 20 gpd for milk cows, 10 gpd for other cattle, 10 gpd
for horses and mules, 3 gpd for hegs, 2 gpd for sheep, 0.04gpd for chickens,
and 0.06 gpd for other poultry, Data on chicken broiler production in 1957
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wag furnished by the Department of Agricultural Economics, University of
Delaware, Other stock totals were obtained from the 1954 Census of Agri-
culture (U, S, Dept, Commerce, 1956).

Irrigation

Irrigated land in Delaware has increased rapidly in the past 8 years,
from 390acres in 1949 to 14,269 acres in 1957, Data supplied bythe Depart-
ment of Agricultural Economics, University of Delaware, indicates that near-
ly 341 million gallons of water were applied to crops in Sussex County in
1957, About 40 percent({136 million gallons)was pumped from ground-water
gources, including dug ponds, natural ponds fed by springs, and wells, The
remaining 205 million gallons was pumped from surface~water sources, such
as streams, lakes, and impounded ponds.

Water used for irrigation supplements water receivedfrom precipitation
during periods when precipitationis inadequate or unevenly distributed. The
amount of water used and the period of use will vary considerably from year
to year or from month to month depending on the rainfall pattern. Precipi-
tation data presented in table 1 indicate that 1957 was a relatively dry year,
with below normal precipitation occurring at the peak of the growing season
in July and August, It is alsonotedin table 1 that below normal precipitation
{based on the T-year average) occurred in at least one month of the growing
season each year from 1951 through 1957,

Although the average combined use of ground and surface water for irri-
gation amounts to about 930, 000 gpd when averaged over the year, as much
as 6 mgd or more may he used during some periods. One well, Pgbl-2, used
for irrigation from June to August is reported to yield as much as 972, 000
gpd. Should the present trend in irrigation continue, water use in this cat-
egory may well exceed many other present uses,

SALT-WATER ENCROACHMENT

All along the eastern shore of Sussex County, the shallow aquifer of
Pleistocene and Recent age is exposed to one or more large bodies of salty
or brackish water (figure 1), Thus, an opportunity existe for the encroach-
ment of galty or brackish water intothe shallow aquifer wherever the natural
seaward hydraulic gradient is reversed by pumping from wells adjacent to
the shoreline, This has apparently occurred at only two localities in Sussex
County, namely, at Lewes and at Rehoboth, Although information relative
to the nature and extent of salt-water contamination at Rehoboth is scant,
considerable data is available on the incidence of contamination at Lewes,

The encroachment of salt water into the shallow aquifer inthe Lewes area
was flrst recognized in 1943 following the dredging of the Lewes-Rehoboth
Canal. The first indication of the presence of salty or brackish water in the
shallow aquifer which supplies the city of Lewes was the discovery that the
chloride concentration of water from the municipal-supply well located near-
est the newly dredged canal was abnormally high, This observation was
followed by a study of the chloride content of water from other wells in the
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arca todetermine the extent of the contamination and, if posaible, to identify
the source ofthe highly contaminated water, The invegtigation of salt-water
encroachment at Lewes was made by the U, 5. Geological Survey in coop-
eration with the city of Lewes.

Periodic water sampling of the four public supply wellsin Lewes started
in March 1944, The results are given in table 25. Analyses of the first se-
ries of samples showed that 3 wells {Nid42-2, Ni42-9, and Ni42-10) were
yielding water having a near-normal chloride concentration for the area, but
that one well (Ni42-8) was producing water having a chloride concentration
of 422 ppm. Analysis of samples collected during the early part of April
indicated that the chloride concentration of water from the uncontaminated
wells (Ni42-2, Ni42-9, and Ni42-10) had increased slightly or not at all, but
that the chloride concentration of water from Ni4Z2-8 had increased from 422
ppm to 452 ppm,

In May 1944 a1-1/2 inch well {Ni42-11) was driven intothe water-bearing
sands along the south side of Third Street, half way between Ni42-8 and the
Lewes-Rehoboth Canal, the suspected source of the salt-water contarina-
tion, The chloride concentration of the first sample of water taken from this
well was 855 ppm, nearly double the chloride content of the water from well
Ni42-8. This confirmed the suspicion that the Lewes-~-Rehoboth Canal was
the source of the contaminant, Until September, analyses from wells Ni42-2,
Ni42-9, and Ni42-10 showed essentially no increase in chloride concentra-
tion; meanwhile, the chloride concentration increased steadily in the water
from wells Ni42-8 and Ni42-1l. In September the chloride concentration of
water from wells Ni42-Z and Ni42-10 had not changed appreciably, while it
had increased in water samples from wells Ni42-8 and Ni42-9,

The Board of Public Works was informed by the Geological Survey of
the threat to the existing well field due to salt-water contamination. It was
pointed out that fresh-water recharge in the winter months would probably
reverse the trend of increasing chloride concentration inthe well water, but
that this is generally atemporary gituation, and that unless it were posgible
todecrease the rate of pumping materially, the chloride concentrations would
rige again during the next summer.

As a result, a survey was made of conditions farther inland and the gite
of the new well field was chosen as a new source of supply. By not delaying
the selection of a new source of supply until water in the present supply be-
came too contaminated to use, the town met the threat of salt-water con-
tamination before it became critical. During the time of transition the water
delivered to consumers did not generally taste salty because the water of
high chloride concentration was mixed with fresher water from the other
wells.

With almost complete cessation of pumping in the old municipal well
field, the chloride content of the ground water beneath the well field began
to dirninish, Well Ni42-8 showed a chloride concentration of 1, 190 ppm in
September 1944, In November 1953, this well had a chloride concentration
of 31 ppm, indicating that the salt water had been flushed out of the aquifer
in the vicinity of the well.
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FUTURE INVESTIGATION AND DEVELOPMENT OF WATER RESOURCES

The future investigation of the water resources should be determined by
the intensity, or importance, of use. Where large investment is involved,
detailed investigationis warranted, Where national security is involved, de-
tailed investigation ia strongly urged. Nevertheless, if investigation merely
kept pace withdevelopment, adequate appraisal wouldbe available only after-
the-fact, and each step forward would be taken either on inadequate bases,
or following delay necessary to make an adequate appraisal,

PRECIPITATICON

Rainfall is generally adequate in Sussex County, andthetremendous stor-
age of infiltrating rainfall in the ground is enough to tide over the industries
or municipalities through the most protracted dry spell yet recorded. Wells
may fail, and streams go dry, but adequate water ie at hand if the proper
development works are congtructed,

The haphazard distribution of rainfall has led to increaged interest in
irrigation from dug-out ponds and from wells. The storage available in the
soil, except in the lowland areas, is not adequate for optimum growth during
some period of almost every year, However, there is no foreseeable need
for cloud-seeding, or other forms of rain~making, such as are being devel-
oped in the arid and semi-arid western plains because the storage available
below the soil zone in the zone of saturation, is, in most places, adequate
to supply wells and ponds, which can be used for man-made rainfall sprin-
kler irrigation, Ditch irrigation is not feasible in most places in Sussex
County, because the ditch banks and beds aretoo leaky. Sprinkler irrigation,
aithough somewhat wasteful of water, owing to greater losses by interception
and evaporation, has proved to be the most economic method,

The five rain gages in Sussex County in operation at the end of 1957 pro-
vide a fairly good areal distribution for the purpose of hydrologic analysis,
notonly at the present intensity of water uge but at any foreseeable intensity
for the next few years. However, areal coverage would be improved by the
establishment of rain and temperature gages in the vicinity of Bethel, Trap
Pond, Millsboro, and Milton, Present measurements are on a daily basis,
and at no place in the county are hourly readings recorded, suchas is done at
some airports,

SURFACE WATER

Inve stigation

In fulfilling the broad objective of appraising the surface-water resources
of an area it is immediately apparent that full-time gaging of every stream
is neither physically possible nor economically justifiable., Recent studies
on the development of an effective stream-gaging program have led to the
concept of a hydrologic network composed of (1) long-term primary stations
continuousaly sampling the time variationin streamflow within a given hydro-
logic area, {2) secondary stations operated for limited pericds of time which
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will define the areal variations in streamflow and which can be correlated
with primary stations to adjust the short-term streamflow recordsto alonger-
term base period, and (3) partial-record stations at which specific portions
of the streamflow regimen will be measured for a Iength of time sufficient
to relate the particular information to that collected at ane of the complete-
record stations. The density of the network is related to the hydrologic
complexity of the area and to the present and anticipated degree of water-
resourced development. To adequately interpret streamflow records, con-
current information must be obtained on water use within the basins gaged.
Somenetwork stations, or others specifically established, may be considered
in a water-management category in which they would be maintained for op-
erational, administrative, legal, design, research, or other purpouses.

The seven complete-record and eight partial-record gaging stations now
being cperated in the Sussex County area provide a relatively good hydro-
logic coverage in light of the present level of surface-water use, although
detailed interpretative studies will require supplemental data on physiog-
raphy, ditching, diversions, pondage, and other factors. A few Rehoboth Bay
and Indian River tributaries, Gravelly Branch, and Clear Brook arethe prin-
cipal streams as yet ungaged. The streamflow characteristics in these and
other sub-basins can be appraised by operation of partial-record stations
when the data from the current group have beer analyzed satisfactorily, It
is important that mast of the present group of complete-record stations be
continued in operation to provide a basis for correlation.

It may be found that the areal variation in streamflow regimen is such
that, to obtain satisfactory correlations, one or more primary or secondary
stations should be established. Many of the problems inherent in the gaging
of 3mall drainage areasmay be resolved if current research intidal hydrau-~
lics and estuarine instrumentation leads to development of simpler methods
of operation of gaging stations in the estuaries. It is hoped that, by system-
atic gaging and investigation, the climatic and physiographic factors which
produce the areal variations in streamflow may be defined to such a degree
that reliable estimates of yield, flood frequency, and other characteristics
may be determined by reconmnaissance-type investigations of the ungaged
areas,

DeveloEment

The recent trend of population growth inthe Washingion, Baltimore, Wil-
mingion, and Philadelphia areas has focused attention onthe agricultural and
recreational potentialities of Sussex County although these activities have
been economically predominant for many years.

While an abundance of ground water has been a vital factor in sustaining
high crop yields, extensive drainage works have been constructed toreclaim
excessively wet and unworkable areas. Paradoxically, it hasbeenfoundnec-
essary in recent years to provide supplemental irrigation from both ground
and surface sources, The effect of these drainage and irrigation practices
has not bheen adequately defined in the streamflow records and related data
thus far collected,
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When water tables are lowered by ditching, reducing the sustained low
flows, and purface-water withdrawals are made for irrigation, conflicts will
develop with downstream interests concerned with the dilution of municipal
or industrial wastes and with the prevention of salt-water encroachment in
estuaries not provided with tidal dams. Adequate streamflow and related
information can provide the basis for economic and equitable resolution of
differences which will arise if the legal definitions of interest are specific
and adequate time is available to collect the basic data.

It is not possible at this time to make a reliable estimmate of the limit of
potential development of fresh-water suppliea. Although surface-storage
possibilities are restricted by the topography, large quantities of fresh water
are available at Seaford, Laurel, Millsboro, and on Marghy Hope Creek near
Woodenhawk. It may be found that surface waters will find their greatest
utility in the recharging of ground-water aquifers by spreading or by devel-
opment of well fields adjacent to small surface impoundments.

The average discharge determined at five gaging stations on natural chan-
nels {6, 8, 10, 14, and 17) in or near Sussex County, shown in table 7, is
743,000 gpd per square mile. If this is rounded to 0.7 mgd per square mile,
and taken as representative of the county as a whole, the land area, 946
square miles, discharges about 670 million gallons a day on the average as
surface-water runoff, Much of this water serves auseful purpose, as dilution
of wastes, and preservation of natural habitat for water plants and animals,
The consumptive use, mainly by irrigation, reached an estimated 205 mgd
during the summer of 1957, During mostof the year, however, the consump-
tive use of surface water is only a few million gallons a day, Thus, on the
average, there is available about 500 mgd of surface water, which is cur=-
rently being used for low-value purposes. Under an intensive-use plan,
perhaps as much as 200 mgd of this water could be converted to high-value
purposes although only an additional 100 mgd might be available during the
crop geason,

Anticipated agricultural utilization mmust be tempered by-the fact that the
mean discharge during the 4-month period, June through September, is only
400 mgd, This figure is derived from an extrapolation of observed data in
table 28 and partly reflects recemt irrigation usage. When it is considered
that only about 700 square miles of the county might effectively contribute
surface-water runoff in the agriculturally usable area, the available dis~
charge is reduced to about 300 mgd.

GROUND WATER

Investigation

At the date of writing this progress report{1959), the investigationof the
ground-water resources of Sussex County compares favorably, in the inten-
sity of study, with other rural areas in the United States of comparable size
{1, 000 aquare miles), MNevertheless, the data on ground water leave much
to be desired, both geologically and hydrologically,
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Geologically, the understanding of the stratigraphy of the Pleistocene
series, the Pliocene{?) series, and the Miocene series, is still incomplete,
Much more precise dataon the lithology, mineralogy, and paleontology must
be collected before the strata of the uppermost 500 feet beneath Sussex County
can be adequately described and correlated. Such a detailed geologic inves-
tigation would have significant economic implications: development of the
large-capacity wells is generally limited to areas of Pleistocene and Plio-
cene{?) channel deposits, and the proper mapping of these deposits is nec-
essary to derive optimum yield and to limit the number of inadequate wells;
the protection of coastal aquifers from salt-water intrusion depends upon
detailed knowledge of the aquicludes, or confining beds.

Hydrologically, much more quantitative data on the coefficients of trans-
missibility and storage, and much more geochemical data on the quality of
waters, is needed for adequate planning of new supplies, The hydraulic phase
involves more controlled well-field tests and aquifer analysis. The quality
of water phase involves more water sampling at critical sites, and chemical
analyses.

A detailed investigation of the geoclogy and hydrology of the coastal area
along Delaware Bay and the Atlantic shore is the most pressing need --
particularly with a view to evaluating the relationships of fresh and salty
water in aquifers of the coastal zone andto locating by means of test drilling
the positions of the fresh-water-salt-water interfaces in these aguifers.

Development

A rough approximation of thetotal amount of ground water available from
an optimum number of properly spaced wells in Sussex County may be ob-
tained by considering the hydrologic factors involved (Rasmussen, 1955).

A hydrologic study of the Beaverdam Creek drainage basin (Rasmussen
and Andreasen, 1959), about 7 miles south of the Sugsex County line, showed
that 10 percent of the precipitation was lost immediately by overland runoif,
about 50 percent filtered into the ground and reached the water table, and
about 40 percent was evaporated or transpired from the surface soils and
ponds. Sussex County has soils, topography, and climate that are similar
in almost all respects tothose of the Beaverdam Creek drainage basin. The
average annual rainfall, 45 inches a year, taken on an areal basis indicates
an average precipitation of 2, 1 mgd per square tnile. From the hydrologic
study {(Rasmussen and Andreasen, 1959, p. 98) it was demonstrated that in-
filtration was 51,5 percent of precipitation. Thus, the average recharge to
the ground water was about ! mgd per square mile, Considering the land
area of Sussex County, 946 8q. mi.; this meang that the average available
recharge is about 950 mgd.

The ultimmate long-term rate of withdrawal of ground water cannot exceed
the average recharge, without dewatering the reservoirs, although some
withdrawal from storage is unavoidable, and even desirable, to induce water
to move toward points of withdrawal. This pereanial yield will be compet-
itive withthe diacharge of 670mgd calculated for the average surface-water
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runoff. In fact the two must be considered a single hydrologic system, ex-
cept that through the process of dewatering the ground-water reservoirs,
some small additional increment may be added to temporary storage that
would normally have escaped by flash runoff, and some water may be sal-
vaged that otherwise would have been lost to transpiration,

Therefore the perennial yield of both ground and surface water in Sussex
County is of the order of magnitude of 950 mgd, or nearly ! billion gallons
a day. It is, of course, highly unlikely that this guantity of water ever will
be utilized, but in some localities in Sussex County suchas Seaford, the rate
of 1 mgd per sq. mi. has already been achieved without adverse effects,

The total wse of water for high value purposes in 1957, 19.1 mgd from
ground-water sources and about 10 mgd from surface-water sources, was
only about 3 percent of the estimated safe withdrawal of 950 mgd. It may be
concluded, therefore, that large quantities of water are available for devel-
opment in many parts of Sussex County, but efficient development of these
supplies will require considerable expansion of our present knowledge of
local ground-water conditions.,

QUALITY OF WATER

The quality of water now in use in Sussex County is, in general, suitable
for most purposes. The quality of water from the same sources is not ex-
pected to change materially throughout the county-at-large, However, there
are four important limitations to be considered.

The first of these is the rather extensive margin bordered by saline
waters along the Atlantic Ocean, Delaware Bay, Indian River Bay, and the
many smaller bays and brackish marshes. Aspumping increases, the threat
of salt-water intrusion inthese areas becomes increasingly important. It is
for this reason that further investigation ofthe coastal area is recommended.

The second limitation concerns poliution. As the activities of man in-
crease, the waste products will also increase and must be disposed of. With
continued vigilance and adequate protective measures for sewage treatment
and pollution abaternent, this problem is being solved by the State Board of
Health and the Water Pollution Commission.

The third limitation involves the development of new sources, untapped
reservoirs of ground water lying at greater depths than those in use., Al-
though some of this water will be suitable for most purposes, and much of
it may be suitable for washing, irrigation, cooling, or other specified limited
purposes, experience has indicated that in general, deeper ground waters
are higher in dissolved-solid content, and may require more treatment than
the shallower waters.

Finally, the surface and the shallow ground waters of Sussex County are
vulnerable to radioactive fallout. Any extensive fallout would render most
water supplies unusable for almostall purposes. Almost every city and town
would have to prospect for deeper sources immediately, in the event of such
a catastrophe.
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In summary! the waters of Sussex County are usable for most purposes,
Such local problems as occur are the result of human activities and can be
solved by treatment, or by wise management, Should a fallout catastrophe
occur, deeper sources must be sought at once,
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Table 24, -- LOE of wells

The altitude, in feet above sea level, of the land surface at each well is
given in parentheses, The descriptions of rock material are from cbaser.
vation by the geologist, or driller, whose name is given after the altitude.
The geologic formations are designated by the writers on the bases of tex-
ture, color, and mineralogy., Numerous instances where the descriptions
were not apt, or the properties not diagnostic, so that the writers were in
doubt, are treated witha "(?)" or an alternative interpretation is introduced
by the conjunction "or",

Thicknesa Depth
{feet) {feet)
Lg4l-1 (Alt, 5 ft,} Ennis
Recent series
Clay, vellow 5 5
Pleistocene series
Pamlice formation or Parsonsburg sand

Sand, white 38 43
Beaverdam sand

Sand, yellow 12 55

Sand, white and yellow 11 86

Miocene{?) series
Cohansey(?) sand

Sand, fine, gray 19 105
Sand, coarse, gray 35 140
Sand, coarse, gray, yellow, and white 33 173

Miocene series
5t. Marys formation
Sand, gray and black 11 184
Mud 30 214
Choptank formation
Frederica(?} aquifer
Sand, gray and white; shell 30 244

Mel5-13 (Alt, 25 ft.) Layne
Pleistocene series
Pamlico formation or Parsonsburg sand

Clay, sandy 28 28
Sand, brown 4 32
Clay, sandy, brown 10 42

Miocene{?) series
Cohansey(?) sand
Clay, sandy, blue 22 64
Miocene series
S5t, Marys formation
Sand, muddy 11 75
Clay, sandy, blue; shells 143 218
Choptank formation
Frederica aquifer
Sand, dark-gray; gravel; shells 19 237
Clay, brown 13 250
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Table 24. -- Continued
Thickness Depth
{feet) {feet)
Mel5-16 (Alt. 25 ft.} White
Recent series
Top soil 0.5 0.5
Pleistocene series
Pamlice formation or Pargonsburg sand

Clay, sandy 4.5 5
Clay 3 8
Clay, sandy 6 14

Beaverdam (?) sand .
Sand, clayey 8 22
Sand and gravel 6 28
Sand, clayey, cemented 9 37
Pliocene (7} or Pleistocene series
Sand, very fine, red 36 73
Miocene {?) series
Cohansey (?) sand
Sand, fine, cemented, gray-green 13 86
Sand, loose, black 2 a8
Miocene series
St. Marys formation

Clay, sandy, gray 35 123
Clay, gray 7 130
Clay, gray; shells 10 140

Choptank(?} formation
Frederica{?) aquifer

Sand, gray; clay; shells 90 230
Clay and shells, hard 6 236
Clay, sandy; shells 9 245
Missing 53 298

Mel5-17 (Alt, 30 {t,) White
Recent series
Fill 0.3 0.3
Pleistocene series
Parsonsburg {?) sand

Sand, clayey, reddish 9.7 10
Beaverdam sand
Clay, white -] 18
Sand, very fine; gravel; silt 10 28
Sand, very fine, yellow 32 60
Fliccene (?) series
Sand, very fine, medium, coarse 13 73

Mel5-18 (Alt. 15 ft.) White
Recent series
Top soil 0.5 0.5
Pleistocene series
Pamlico formation or Parsonsburg sand
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Table 24, -- Continued

Mel5-18 (continued)
Sand, clayey, dry
Water table
Sand, silty
Beaverdam sand
Sand and gravel, layered
Sand, fine and medium, silty, clayey
Sand, coarse; gravel; water-bearing
Clay, gumbo, gray
Clay, sandy, gray
Sand, fine and very fine, gray-white, some
_ coarse sand and small gravel from 61 to 63 ft.
Miocene series
St, Marys formation
Clay, gumbo, gray
Sand, fine, gray, dirty; wood
Clay, gumbo, gray
Sand, very fine, dirty, black
Sand, dirty, muddy
Clay, gumbo, sandy, gray; shells
Sand, very fine, muddy; shells
Clay, gumbo, sandy, gray; shells
Gumbo, sandy, gray; shells
Clay, gray, with a lot of shells
Choptank ( ?) formation
Migsing

Mel5-27 (Alt. 25 ft,) White
Recent series
Fill
FPleistocene series
Pamlico formation or Parsonsburg gand
Clay, sandy; gravel
Sand and gravel, dirty
Clay, white and yellow; some gravel
Beaverdam sand
Sand, medium, brown
Sand, very fine to very coarse, mostly fine,
orange-yellow
Pliocene (?) series
Sand, coarse, orange-red
Clay, sandy, orange

Me33-2 {Alt, 48 ft.)} White
Recent series
Top aoil
Pleistocene series
Walston silt
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Thickness
(feet)

4.5

Depth
{feet)

5
5
15

17
20
29
40
55

63

76
88
90
95
110
150
168
198
204
212

218

I3
17
21
23
36

38
38

0.5



Table 24, -- Continued

Me33-2 (continued)
Clay, sandy
Beaverdam sand
Sand, fine, water-bearing
Sand, fine, dirty
Sand, fine to coarse; silty
Sand, fine to very coarse, clayey; gravel
Miocene {?) series
Cohansey sand
Shale, sandy; soft, gray, fine, sand
Miocene series
3t. Marys{?) formation
Sand, fine, silty, gray-black

Mg42-1 {Alt. 17 i{t,) Coskery
Recent series
Top soil
Pleistocene seriea
Parsonsburg sand
Sand, medium, reddish-brown

Sand, fine to medium, brown, with pellets of

gray clay
Sand, medium, gray-brown
Sand, clayey, dark gray-brown

Sand, coarse, silty, tan; granules and gravel

gome ilmenite
Pamlico formation

Sand, medium to coarse, silty, white; granules,

water-bearing
Clay, red-brown, stiff
Clay, sandy, red-brown, and gravel
Beaverdam sand
Sand, medium, silty, white

Sand, mediurmn to coarse, gray~white; gravel

and pebbles
Sand, coarse, white; gravel; pebbles

Sand, coarse; pebbles; pellets of white clay

Sand, coarse, white; gravel; pebbles
Sand, medium, tan; gravel

Pliocene {?) series
Clay, sandy, orange-red to brown

Sand, medium, clayey, tan to reddish; pebbles

Clay, sandy, reddish; pebbles
Miocene{?) series
Cohansey sand

Sand, medium to coarse; gravel; pebbles; gravel

and pebbles; white particles
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Thickness
(feet}
17.5

6
57
9
4

3.5

10,5

[ RN - [ ~y =]

LELIN 28]

15

Depth
{feet)

i8
24
8l

90
94

97. 5

108

0.5

3.5

12

19
26
31

33

34
43

49
50

52

57
59

74



Table 24. -- Continued
Thickness Depth
{feet) (feet)
Mg42-2 {Alt, 23 ft.} Wilkens and Coskery
Recent zeries
Top soil; sand, fine to medium, brown 1 1
Pleistocene series
Parsonsburg sand
Sand, fine to medium, siity, light-brown; woody

material 3 4
Sand, fine to medium, clayey, light-brown 2 6
Silt; sand, fine 1 7
Sand, fine to medium, silty, tan 3.5 10,5
Sand, medium, very silty 2.5 13
Clay, sandy (fine), gray with trace of brown 1 14

Pamlico formation or Beaverdam sand
Sand, coarse and granules, silty, tan 3 17
Sand, medium to very coarse, silty, white 2 19
Sand, coarse, tan, water-bearing 2 21
Sand, fine to coarse, silty, white; gravel 5 26
Beaverdam {7 ) sand
Sand, coarse, brownj large pebbles 2 28
Sand, coarse to very coarse, white; gravel 6 34
Sand, medium to very coarse, grayish-white;
gravel; black particles 10 44

Mg42-3 (Alt. 19 ft.) Wilkens
Recent geries
Top soail 1 1
Pleistocene series
Parsonsburg sand

Sand, medium, clayey, brown 2 3
Clay, sandy, brown 1 4
Sand, medium, silty, brown 1 5
Clay, gray 1 6
Sand, medium, silty, gray and brown 1 7
Clay, sandy, dark-gray 1.5 8.5
Sand, medium, dark-gray 1.5 Lo
Sand, medium to coarse, buff 5 15
Clay, sandy, orange-brown 1 16
Silty, clayey, dark-gray 3 19

Mg42-4 {Alt. 20 ft.) Wilkens
Recent series
Top soil 1 1
Pleistocene series
Parsonsburg sand

Sand, medium, silty, brown 3 4
5ilt, sandy, clayey, brown 2 [
Sand, fine, gray 3 9
Sand, medium to very coarse, brown; gravel 4 13
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Table 24, -- Continued
Thickness Depth

{feet) {feet)
Mg42-4 {continued)
Pamlico formation or Beaverdam sand
Sand, medium, silty, light-gray to white 2 15
Silt, light-gray to white; sand, very fine 4 19

Mg42-5 (Alt. 17 ft.) Wilkens
Recent series .
Top soil 1 1
Pleistocene series
Parsonsburg sand

Sand, medium, silty, brown 3 4
Clay, sandy, brown to gray F 6
Sand, medium to coarse, yellow-brown 2.5 8.5
Gravel, sandy (tan), water-bearing 2 10.5
Pamlico formation or Beaverdam sand
Sand, very coarse, white and tan mixed 2.5 13
Sand, very fine to medium, very silty, white to
light-gray; fine particles of black minerals 9 22
Beaverdam {?) sand
S8ilt, red-brown, some gray; sand, coarse,
brownj gravel 2 24
Mg52-2 (Alt, 7,2 ft.) Hopkins and Rasrnussen
Recent series
Loam, sandy 1 1
Sand, coarse to fine, silty, light-gray z 3
Pleistocene series
Pamlico formaticn or Beaverdam sand
Sand, coarse to fine, ailty, buff 5 8
Sand, medium to coarse, gray 1 9
Sand, medium to fine, silty, buff-gray; (layer
of gravel at 12 ft.) 4 13
Sand, medium to coarse, buff-gray; {layer of
gilt at 16 ft.) 5 18
Sand, medium, gray 3.5 21.5
Gravel, and sand 7.5 29
Sand, medium to coaree} gravel, fine- 5 34
Sand 5 39
Beaverdam(?)} sand
Grit and sand, coarse, tan-orange; some gravel,
fine 14 53
Pliocene (7?) series
Sand, orange and gravel 14 &7
Grit and sand, orange 9 76
Sand, medium to coarse, silty, orange 13.5 89,5
Clay, sandy (fine), gray 3.5 93
Sand 1 94
Clay 0.5 94.5
Sand, medium, silty, orange 7.5 102
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Table 24. -- Continued
- Thickness Depth
(feet) {feet)

Mg53-5 (Alt. 21 ft.} Hopkins and Coskery
Recent series

Top #0il; loam, sandy, brown 0.7 0.7
Pleistocene series

Parsonsburg sand

Sand, fine to mediym, silty, brown 3.1 3.8
Sand, medium, silty, dark-brown; granules 1.2 5
Sand, fine, very silty, brown; lumps of gray and

red silt 4 9
Silt, brown and gray mixed 3 12

Sand, medium to coarse, very silty, gravelly,
gray-brown, water-bearing 2,2 14,2
Pamlicec formation or Beaverdarm sand
Sand, medium, some coarse, silty, tan; some

granules 2.3 16.5
Sand, fine, and silt, tan 2.5 19
Clay, silty, brown 6 25
Sand, coarse, silty, white 17 42

Mg53-6 (Alt. 20,5 ft.) Hopkins and Coskery
Recent series
Top soil; loam, sandy, silty, black-brown 0.8 0.8
Fleistocene series
Parsonsbuxg sand
5ilt, sandy (fine), brown
Sand, fine to medium, silty, brown; some granules

2 2.8
3

Silt, brown; granules; some gravel 2 8
2
2
1

Sand, fine to medium, silty, brown +5 10.5

Silt, gray; some sand and granules .5 13

Sand, medium to coarse, silty, brown; gravel -8 14,8
Pamlico formation

Clay, gilty, brown 2 16. 8

Sand, fine to medium, silty, clayey, brown i.2 18

Clay, blue-gray 7 25

Clay, brown 3 28
Beaverdam sand

Sand, medium {8oupy), gilty, brown 6 34

Sand, coarse, silty, white; granules; small gravel 4 38

Mg53-7 (Alt, 23 ft,) Hopkins and Coskery
Recent series
Top goil; loam, sandy, medium, brown 1 I
Pleistocene series
Farsonsburg sand

Sand, medjum to coarse, brown; granules 1.5 245
Sand, fine to medium, red-brown; granules 3.5 6
Sand, fine, silty, brownj granules; some small

gravel . 5.5 11.5
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Table 24. -- Continued
Thickness Depth

(feet) {feet)
Mg53-7 (continued)
Sand, fine, silty, brown; granules 3.5 16
Sand, fine to coarse, silty, buff; granules; gravel 2 18
Sand, medium to coarse, silty, gray-brown 3 21
Pamlico formation
Sand, fine to coarse, very silty, light-gray;
gramules; gravel 2 23
Sand, coarse to medium, light-brown 10 33
Sand, medium, silty, light-brown 4 37
Gravel 0.5 37.5
Beaverdam sand
Sand, coarse to fine, brown 5.5 43
Sand, quartz, fine to coarse, silty, brown 5 48
Pliocene (?) series
Sand, coarse, silty, orange-brown; gravel; pebbles 15 63
Sand, medium to coarse, silty, orange-brown;
gravel and pebbles 10 73
Sand, fine to coarse, silty, orange-brown; gravel
and pebbles 10 83
Sand, medium to coarse, wilty, light-brown;
granules; scme gravel 20 103

Mg53-8 {Alt, 20.5 ft.) Coskery
Recent series
Top soil; sand, medium, dark-brown; roots 1 1
Pleistocene series
Parsonsburg sand

Sand, fine to medium, silty, red-brown 4,5 5.5
Sand, medium, silty, brown 1,7 7.2
S5ilt, gray; sand, medium, brown 0,8 8
Sand, medium, silty, orange-brown 2 10

5ilt, orange-brown and gray} some root fibres 2 12
Clay, stiff, gray 0.5 12.5
8ilt, orange-brown 0.5 13
Sand, medium, silty, rust-brown to orange-brown 0.5 13,5
Sand, medium to very coarge, hrown; gravel;
water-bearing 2 153.5
Beaverdam sand

Sand, medium to coarsge, silty, gray; some gravel 1.3 16,8

Sand, fine, gilty, gray 1.7 18.5
Mg53-9 (Alt. 20 ft.) Coskery
Recent series

Top soil, sandy, dark-brown 0.3 0.3
Pleistocene series

Sand, fine to coarse, silty, red-brown to brown 2.7 3
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Table 24. -- Continued
Thickness Depth

{feet) {feet)
Mhd]l-1 (Alt, 5 ft.} White
Recent gseries
Beach sand, dry 2 2
Sand; gravel 2 4
Mud, sandy, gravelly, with decayed vegetation 16 20

Pleistocene series
Parsonshurg sand
Sand, grayish-white; gravel; silt 16 36
Pamlico formation
Sand, very fine, white; silt; some clay balls;

brackish water 14 50
Beaverdam {7} sand

Sand, very fine, buff and white 28 78

Sand, buff, dirty 60 138

Mioccene(7) series
Cohansey sand
Sand, medium to very coarse, buff, water-
bearing {brackish} j ¥ 150
Miocene series
5t. Marys formation

Shale, sandy, dark-gray 16 168
Clay, gray, tough 62 230
Clay, sandy, gray; shell 15 245
Rock 1.5 246.5
Clay, gray; shell 12.5 259
Clay, light-lavender; shell 11 270
Choptank (7} formation
Clay, sandy, gray; shell 20 290
Shale, sandy (fine), hard; shell 40 330
Shale, sandy, soft 2 332
Rock 1 333
Clay, gray; shell 2 335

Ncl5-1 (Alt, 55 ft.) Ennis
Pleistocene series

Walston silt
Clay 3 3
Sand, white 26 29
Beaverdam sand
Sand, coarse, yellow 9 38

Nc25-1 {Alt. 50 ft.) Shannahan
Pleistocene-Pliocene (?) series

Missing 71 71
Miocene series
Clay, black; shell 55 126

Nc25-3 (Alt, 45 ft.} Ennis
Pleistocene series
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Table 24, -- Continued
Thickness Depth

{{eet) {feet)
Nc25-3 {continued)
Walston silt
Clay, blue and yellow 20 20
Sand, yellow; streaks of clay, blue 20 40
Beaverdam sand
Sand, yellow; gravel 12 52
Nc25-8 (Alt. 45 ft.}) Ennis
Fleistocene series
Walston silt
Sand and clay 20 20
Beaverdam sand
Sand and gravel 34 54

Nc55-1 (Alt. 40 ft.) Wilkens and Coskery
Recent series :
Fill i 1
Pleistocene geries
Parsonsburg sand

Sand, medium, red-brown; some gravel 2 3
Sand, fine to medium, tan to red-brown 3 [
Sand, medium, reddish-brown; small clay balls 2 8
Sand, medium, clayey, reddish-brown 1 9
Sand, medium to coarse, silty, buff; small
gravel; water-bearing 2 11
Beaverdam sand
Sand, medium to coarse, clayey, brown 1 12
Sand, fine to coarse, gilty, tan to buff F 14
Sand, medium to coarse, silty, dark-brown 5 19
Sand, clayey, light-brown, soft 1 20
Silt, sandy, brown 4 24
Sand, medium, clayey, brown; some gravel 5 29
Sand, medium to coarse, clayey, brown; gravel 6 35
Pliocene(?) series
Silt, sandy, purple-red 5 40
Sand, coarse to granule, orange-brown; gravel 14 54
Sand, fine to coarse, light-gray, orange-brown 10 64

Nd41-1 (Alt, 45 ft.) White
Recent series
Top scil and clay 3 3
Pleistocene series
Parsonsburg sand

Sand and clay 11 14

Sand and gravel -] 22
Walston silt

Clay 10 32
Beaverdam sand

Sand, clayey; gravel 3 35
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Table 24. -- Continued

Thickness
{feet)
Nd41-1 (continued)
Sand, orange, water-bearing 3
Silt, sand, fine; gravel 12
Sand, fine, and silt in layers 15
Clay, sandy 12
Sand, white; gravel 2
Pliocene {?) serles
Brandywine formation
Sand, medium to coarse; gravel, large;
water-bearing 12
Nel4-1 (Alt, 50 ft.} Wilkens and Coskery
Recent series
Fill 1
Pleistocene series
Parsonsburg sand
Sand, medium, gray-black 1.5
Sand and clay, gray to yellow .5
Walston silt
Clay, sandy, light gray 8
Sand, fine to medium, clayey, hght-buff
black particles 4
Sand, medium to coarse, silty, buff to reddish-
brown 3
Clay, sandy {medium), orange-brown 3
Sand, medium to coarse, silty, clayey, buff to
orange-~brown 7
Beaverdam sand
Sand, medium to coarse, with granules, silty,
buff to orange~brown 6
Sand, medium to coarse with large granules,
ailty, buff; clay, white 4
Sand, coarse, with granules, silty, orange-
brown, water-~bearing 8
Sand, fine to medium, silty, dark orange-brown 5
Sand, medium to coarse, with granules, silty,
buff with orange-red streaks 10
Sand, fine to medium, silty, clayey, white to buff 10
Sand, medium to coarse, silty, buff to orange-
brown 7
Pliocene (?7) series
Clay, sandy, red-orange-brown 3
Sand, fine to medium, silty, brown 5
Ne25-1 (Alt, 51 ft.}) White
Recent series
Cinder fill 1

Pleistocene series
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Depth
{feet)

38
50
65

77
79

91

14
18

21
24

31

37
41

49
54

64
74

a1

84
89



Table 24, - Continued

Ne25-1 {continued)
Walston silt
Sand, clayey, cream-colored
Sand, clayey, grayish-white
Pliocene{?)} series
Sand, fine, medium, and coarse, orange-red,
dirty, water-bearing
5ilt, orange, yellow; sand; gravel
Sand, fine to very coarse, mostly very coarse,
silty, orange; gravel, large; water-bearing
Clay, yellow

Ne34-1 (Alt. 48 ft.) Haigler
Recent serles
Top scil
Pleistocene series
Parsonsburg sand
Clay, sandy, red and gray
Sand, medium, clayey, red
Beaverdam sand
Sand, coarse, gray
Missging

Ne34-2 {Alt. 49 ft.} Wilkens
Recent series
Fill
Fleistaocene series
Parsonsburg sand
Sand, fine, silty, brown to white
Sand, medium, silty, yellow-brown
Sand, medium to coarse, orange-brown, loose
Walston silt
Sand, fine to coarse, sgilty, grayish-tan to white
Beaverdam sand
Sand, medium to coarse, brown to greenish-gray
Sand, fine to medium, silty, grayish-brown
Pliocene {7} series
Sand, medium to coarse, rusty orange-brownj
gravel
Sand, medium, coarse, and granules, orange-
brown
Sand, fine to medium, silty, orange-hrown

Ne54-1 (Alt. 45 ft,) Wilkens
Recent series
Fill
Pleistocene series
Parsonsburg sand
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Thickness
{feet)

24
14

12

15
20

Depth
{feet)

25
39

43
59

67
6T

22
29
46
58

73
93



Table 24. ~- Continued

Neb54-1 {continued)
Sand, fine, clayey, tan
Sand, fine, silty, tan and gray
Walston silt
Sand, very silty, gray; a little gravel
Beaverdam sand
Sand, medium, cream-colored, water-bearing
Sand, cream-colored and orange-brown
Sand, medium, orange-brown; layers of gravel
Sand, medium, tan to brown
Sand, greenish-gray; gravel; clay, gray
Sand, very silty, white; gravel
Fliocene () series
Sand, medium to coarse, orange-brown
Gravel
Sand, medium, coarse, and granules, orange-
brown

Nglz-1 (Alt. 10 ft.)} White
Recent series
Top socil
Fleistocene series
Paraonsburg sand
Clay, sandy, brown
Water table
Sand, fine, white
Pamlico{?) formation
Sand, clayey, white; gravel
Beaverdam sand
Sand and gravel, water-bearing

Ng24-2 {Alt. 17 ft.} White
Recent series
Top soil
Pleistocene series
Parsonsburg sand
Clay, mandy, yellow
Sand, yellow
Clay, sandy, yellow
Clay, red
Pamlice formation
Clay, light-gray, dark-gray, brown
Clay, sandy, gray-brown
Iron ore
Clay, sandy, gray-brown
Clay, sandy, yellow; sand, clayey
Fliccene(?) series
Sand, coarse to very coarse, clayey; gravel
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Thickness
{feet)

3
2

3
8
5
14
13
13
2

4

26

0.5

4.5

24

24

Depth
{{eet)

4
6

9

17
22
36
49
62
64

68
68

94

i3

62

0.7

11
18
24

35
45
45
50

81



Table 24, -~ Continued

Ng24-2 {continued}
Sand, fine to coarse, brownish-red, dirty
Sand, clayey; gravel
Clay, white and red; sand; gravel
Mioccene seriea
St, Marys formation
Sand and clay
Sand, very fine, clayey; silt
Sand, very fine; silt

Ng35-1 (Alt. 12 ft.} White
Recent aeries
Top seil
Clay, sandy, dry
Pleistocene series
Parsonsburg sand
Sand, very fine, white
Sand, clayey
Pamlico formation
Sand, fine; silt
Clay, slightly sandy, soft
Beaverdam(?) sand
Sand, clayey, silty, yellow; gravel
Sand, clayey; silt; some gravel
Miccene (?) series
Cohansey sand
Sand, fine to medium
Miocene series
St. Marys (?) formation
Sand, very fine; silt

Ng53.1 (Alt, 32 ft.) White
Migaing
Pleistocene series
Pamlico formation
Clay, blue
Sand, very fine, cemented
Fliocene (?) series
Sand, very fine to coarse, reddish-brown
Sand, fine, white; gravel, coarse
Sand, very fine, brown
Miocene{?) series
Cohansey sand
Manokin aquifex
Sand, white; gravel
Sand, very fine, white

Ng55-1 {Alt. 28 ft.) White
Recent series
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Thickness Depth

(feet) {feet)

5 86

8 94
11 108

7 112
18 130

- 130

0.5 0.5

3 3.5

1 4,5
18,5 23

7 30

] 38
12 50
13 63
18 81
41 122
10 10
14 24

4 28
15 43

2 45

3 48

6 54

- 54



