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HYDROGEOLOGY, DEGRADATION OF GROUND-WATER QUALITY, AND
SIMULATION OF INFILTRATION FROM THE DELAWARE RIVER
INTO THE POTOMAC AQUIFERS, NORTHERN DELAWARE

By Scott W. Phillips

ABSTRACT

Brackish water is infiltrating from the Delaware River into the under-
lying Potomac aquifers in the Cretaceous Potomac Formation in northern
Delaware. Three Potomac aquifers--the upper, middle, and lower--underlie
the river and surrounding areas. The lower Potomac aquifer underlies the
river in the northern part of the study area and the middle and upper
Potomac aquifers underlie the river to the south. The potential for in-
filtration of river water into the Potomac aquifers is suggested by ground-
water levels below sea level and removal by erosion of confining units
overlying the aquifers near the river. Evidence that infiltration at the
river is actually occurring includes chloride concentrations in the aquifers
that are above ambient levels and chemical characteristics of ground water
and river water that are similar.

Pumping from wells has lowered heads in the Potomac aquifers below sea
level, which has created a hydraulic gradient from the Delaware River
towards the underlying aquifers. In the vicinity of the Delaware River, the
Potomac aquifers are overlain by a confining unit that consists of Potomac
clay and silt, which acts as a barrier to the infiltration of river water.
The downcutting of river channels during Pleistocene time resulted in par-
tial erosion of the confining unit. The channel-fill sediment deposited
after the erosional episodes consisted of sand, gravel, and silt. These
sediments have a greater permeability than the Potomac confining unit; thus,
these paleochannels are potential conduits for the infiltration of river
water into the Potomac aquifers.

Water quality within the Potomac aquifers has been degraded by the
infiltration of river water and by leachate from waste-disposal sites. The
ambient ground water has chloride concentrations from 10 to 21 mg/L
(milligrams per liter). Chemical analyses indicate that the ambient ground
water is a sodium magnesium calcium-chloride sulfate bicarbonate type.

Areas of the Potomac aquifers that have been degraded have chloride con-
centrations from 40 to 8,600 m/L, with specific conductances of 200 to
27,200 microsiemens per centimeter at 25 Celsius. Chemical analyses indi-
cate the ground water in these areas is a sodium-chloride type. The sources
of degradation were differentiated by using plots of major ion distribu-
tions, concentrations as a function of time, and geochemical plots including
Stiff and Durov diagrams.



Ground-water degradation by the infiltration of river water is occur-
ring in the upper Potomac aquifer at the Llangollen Estates, Crown Films,
and Amoco well fields. 1In 1985, chloride concentrations from the infiltra-
tion of river water ranged from 40 to 98 mg/L in these well fields. Well
fields affected by infiltration in the middle Potomac aquifer include New
Castle, Collins Park, and ICI Americas. Ground water had chloride con-
centrations from 61 to 207 mg/L in 1984 and 1985. Two wells in the lower
Potomac aquifer near the Wilmington Marine Terminal also have been affected
by the infiltration of river water. LeachatF from waste-disposal sites has
caused localized ground-water degradation in all three Potomac aquifers,
especially north of the Delaware Memorial Brlidge and at sites near Army
Creek and Red Lion Creek. Chloride concentrations up to 8,600 mg/L have
resulted from waste-disposal leachate.

A ground-water flow model of the Potomac aquifers was used to evaluate
aquifer response to five pumpage scenarios, quantify the amount of infil-
tration of river water for each scenario, and simulate the effectiveness of
using freshwater injection barriers to protect the aquifers. Scenario 1
simulated 1985 pumping conditions. Simulated water levels in the upper
Potomac aquifer were from 25 to 45 feet below sea level in well fields near
the Delaware River. Simulated water levels in the middle Potomac aquifer
were as low as 50 feet below sea level in well fields near the river. Heads
from scenario 1 were used as starting heads for scenarios 2 through 5.
Additional pumpage at selected well fields was simulated and the effects
were represented as drawdowns.

Simulated infiltration of river water into the Potomac aquifers ac-
counts for approximately 6 to 12 percent of the total aquifer recharge in
the area of influence of the pumping. There is a direct correlation between
the rate of infiltration of river water and the total well-field pumpage.
The rate of infiltration of river water for the pumping scenarios ranged
from 0.31 to 0.62 million gallons per a day. Simulations of freshwater
injection demonstrated that 12 barrier wells, each injecting 300 gal/min
(gallons per minute), would be needed to create a barrier against the in-
filtration of river water in the upper Potomac aquifer, whereas the middle
Potomac aquifer would require 7 wells injecting 200 gal/min.

INTRODUCTION

Background

The Potomac aquifers in the Cretaceous ﬂotomac Formation in New Castle
County, Del., supply potable water for industirial, municipal, and domestic
users. The amount of water withdrawn from 1980 to 1984 was approximately 20
Mgal/d (million gallons per day) (Andrea Putscher, Delaware Department of
Natural Resources and Environmental Control, written commun., 1986). Since
the mid-1950's, withdrawals from wells located along the Delaware River have
caused water levels in the aquifers to fall below sea level. 1In the reach
of the Delaware River located in the study area, the water quality ranges
from fresh to brackish because of tidal influences and seasonal variations
in freshwater inflow to the river. Consequently during the brackish-water
periods, water infiltrating from the river inFo the Potomac aquifers



increases chloride and sodium concentrations that degrade ground-water
quality. The U.S. Environmental Protection Agency (1976) set a secondary
standard (nonhealth related) for drinking water of 250 mg/L (milligrams per
liter) for chloride. Although no standard has been established for sodium
concentrations, public water suppliers are required to notify health profes-
sionals when sodium concentrations exceed 20 mg/L in order to advise persons
on sodium restricted diets (R. B. Howell, Delaware Department of Public
Health, written commun., 1986).

There is concern that continued or increased pumpage from the Potomac
aquifers will increase the infiltration of river water, making the water
unsuitable for public consumption. The relation between infiltration of
river water and ground-water withdrawals previously was recognized by
several State and Federal agencies. 1In 1974, the Delaware Department of
Natural Resources and Environmental Control (DNREC) began to collect water-
quality and water-level data from wells in the Potomac aquifers near the
Delaware River (Michael Apgar, Delaware Department of Natural Resources and
Environmental Control, written commun., 1985). In 1978, the DNREC, U.S.
Army Corps of Engineers (COE), and U.S. Geological Survey began a coopera-
tive study to evaluate the effects of pumpage from the Potomac aquifers
(Martin, 1984). A study to evaluate the water-supply potential of aquifers
in northern Delaware and southern New Jersey was prepared for the Delaware
River Basin Commission in 1982 (Camp, Dresser, and McKee, 1982). The study
recommended a reduction of ground-water withdrawals in northern Delaware
because of the threat of intrusion of brackish water from the Delaware
River. In 1984, the U.S. Geological Survey, in cooperation with the DNREC,
began an investigation to document the infiltratiaon of brackish water from
the Delaware River into the Potomac aquifers in northern Delaware.

Purpose and Scope

The purpose of this report is to (1) describe the hydrogeologic system
in the vicinity of the Delaware River; (2) document the water quality of the
Potomac aquifers and Delaware River; (3) characterize the effects of in-
filtration of river water on the water quality of the Potomac aquifers; and
(4) present the results of flow-model simulations that estimate the aquifer
response to current and projected ground-water withdrawals, amounts of
infiltration of river water, and use of hypothetical injection barriers to
prevent infiltration.

Geologic and hydrologic data were collected and analyzed to refine the
hydrogeologic system in the study area. The data included geophysical and
drillers' logs, core samples, water-level measurements, and pumpage records.
Water-quality data were collected and examined to detect evidence of
brackish-water intrusion into the aquifers. A quasi three-dimensional
digital flow model from the previous U.S. Geological Survey study (Martin,
1984) was converted to the format of the U.S. Geological Survey modular
model (McDonald and Harbaugh, 1983) to estimate aquifer response to ground-
water stresses. Simulated inflow at model cells in the vicinity of the
river were analyzed to estimate the amounts of simulated river-water in-
filtration into the aquifers.



Location and Extent of Study Area

The study area occupies about 40 mi? (square miles) in northern New
Castle County, Del. (fig. 1). The principal area of interest is between the
Fall Line to the north and Red Lion Creek to the south where the Potomac
aquifers underlie the Delaware River (fig. 2). The study area is approxi-
mately bounded by the Delaware-New Jersey State line to the east and U.S.
Route 13 to the west. All three Potomac aquifers---the upper, middle, and
lower--are present in northern Delaware. Thi lower Potomac aquifer crops
out in the northern part of the study area, but is overlain by the middle
and upper Potomac aquifers to the south. This study focused on the upper-
most of the three Potomac aquifers in several areas immediately underlying
the river.

Geologic Setting

Northern New Castle County includes two physiographic provinces--the
Piedmont and the Atlantic Coastal Plain. The Piedmont province consists of
Precambrian and Paleozoic crystalline rocks that crop out in the northern
area of the county. These rocks are overlain by sediments of the Atlantic
Coastal Plain province south of the Fall Line. The Coastal Plain sediments
consist of interbedded sand, silt, and clay that dip and increase in thick-
ness to the southeast.

The generalized stratigraphy of the study area is described in table 1.
Deposition of the Coastal Plain sediments over the erosional surface of the
Piedmont began in Early Cretaceous time. The accumulation of these non-
marine sediments continued throughout Cretaceous time and were named the
Potomac Formation by McGee (1886). There appears to be no record of
Tertiary deposition because of periods of nondeposition or erosion. Uncon-
formably overlying the Potomac Formation are Quaternary sediments, which
inciude the Columbia Group, undifferentiated, and Holocene sediments. Some
researchers have stated that deposition of sediments formerly considered
part of the Columbia Group began in Miocene time and are part of the
Pensauken Formation (Owens and Minard, 1979, p. D29).

The source of the Potomac sediments was the uplift and subsequent
erosion of the Appalachian Mountains. The source area, depending on
climate, topography, and rock type, supplied a predominantly fine-grained
detritus (Sundstrom and others, 1967, p. 17-18). Jordan (1962, p. 6) noted
that individual beds of sand, silt, and clay generally are restricted in
areal extent and thickness. This lithologicivariability in both the
horizontal and vertical direction has frustrated attempts to stratigraph-
ically subdivide the Potomac Formation; thus, it is considered a single
stratigraphic unit in Delaware.

Methods of Investigation

The hydrogeologic system of the Potomac Formation in the vicinity of
the Delaware River was refined by reviewing historical records and collect-
ing additional data. Historical records included well schedules, drillers’
logs, geophysical logs, water levels, and pumpage data. These data were
reviewed to establish an observation well network for obtaining water-level
data in the Potomac and Columbia aquifers. Data were obtained for 342 wells
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Table 1.--Generalized stratigraphy in the study area

System Series Geologic unit Character Water-bearing properties
and erathem
Quaternary Holocene Undifferentiated Silt, sandy lsilt, silty Functions as a leaky confining
deposits sand, with e gravel; unit.
abundant organics and
some peat beds
Pleistocene Columbia Group, Sand, gravel, with some Functions as water-table aquifer,
undifferentiated clay; predominantly capable of yielding large
quartz quantities of water where
thickness is greater than 40 ft.
Cretaceous Upper and Potomac Silty clays, interbedded Sandy zones function as aquifers
Lower Formation with sands; predominantly in the lower, middle, and
Cretaceous quartz and kaolinite upper parts of formation.
Paleozoic Crystalline Complex assemblage of Yields small quantity of water
and rocks igneous and north of Fall Line. Not an
Precambrian (Basement) metamorphic focks important water-bearing aquifer
: in the Coastal Plain.

in the study area; of this total, 195 wells were checked to determine their
accessibility and condition. The final well network consisted of 87 wells
that were measured semiannually. Most of the wells used in the network were
assigned a well number in accordance with the well-numbering system used by
the Delaware Geological Survey (DGS) (for example, Dc24-41). Wells without
an assigned number were identified by a local number (for example, CB247 or
TB2).

Four tests holes were drilled by the hydraulic rotary method from a
barge in the Delaware River to investigate the hydraulic properties of the
sediments underlying the river. Sediment lithologies were determined from
drill cuttings, core samples, and geophysical logs. The COE analyzed core
samples to determine vertical hydraulic conductivity and pore-water chloride
concentrations of the confining units. Additionally, temporary casing was
placed in two holes to obtain water-level and water-quality data from the
underlying aquifers. Data from the test holes were used in conjunction with
historical data in preparing maps of the sediment distribution and poten-
tiometric head of the Potomac aquifers, and hydrogeologic sections.

Surface- and ground-water quality in the study area was documented by
sampling selected wells and using data in published and unpublished sources.
Water-quality samples were collected during 1984-85. Field parameters
measured included pH, temperature, specific conductance, and alkalinity.

The samples analyzed by the U.S. Geological $urvey Central Laboratory in
Denver, Colo., were for major ions and selected minor ions including boron,
bromide, iodine, potassium, and strontium. istorical water-quality data
were obtained from published and unpublished!sources. The historical data
were used to plot changes in chloride concentrations over time for selected
wells, define the water quality of the Delaware River, and characterize the
impact of waste-disposal sites. Sources of published historical data in-
clude Marine and Rasmussen (1955), Rasmussen and others (1957), Sundstrom
and others (1967), Woodruff (1970), Sundstrom and Pickett (1971), and Martin
and Denver (1982). Unpublished data were supplied by the DNREC, Delaware
Geological Survey, Delaware Department of Health, and various industries and
consultants.

qjcuja(, CI ‘@aow\



Methods used to interpret the major ion distribution included areal
mapping of selected ions, plots of concentration as a function of time, and
geochemical plots including Stiff (1951) and Durov (1948) diagrams.
Constituent ratios were also analyzed, but proved inconclusive. Areal
mapping of constituents helps to identify zones of distinct aquifer water
quality. Plotting concentration as a function of time reveals changes or
trends in ground-water chemistry. Stiff and Durov diagrams provide a
graphical means to represent water-quality analyses.

On Stiff diagrams, the values are plotted as milliequivalents on a
horizontal axis extending on each side of a zero vertical axis. Cation
concentrations are plotted to the left of zero, while anion concentrations
are plotted on the right. The points representing the values are connected
to produce a distinctive shape or pattern. The patterns help identify
water-quality differences and similarities. The cations plotted are sodium
(Na), calcium (Ca), magnesium (Mg), and potassium (K). The anions are
chloride (Cl), bicarbonate (HCO,) and carbonate (CO3), sulfate (SOQ), and
nitrite (N02) plus nitrate (NO3 .

Zaporozec (1972) used Durov diagrams to plot the relative percentages
of cations and anions for a sample. Additionally, two other parameters can
be plotted for each analysis. Many analyses are plotted on one Durov
diagram, which aids in identification of chemically distinct groups of
ground water. This diagram is also used to identify mixing of two different
types of water. These groups or types of water are known as hydrochemical
facies (Back, 1961, p. 380-382). Hydrochemical facies are distinct zones
that have cation and anion concentrations within defined composition
categories (Freeze and Cherry, 1979, p. 252).

A calibrated flow model developed during a previous study (Martin,
1984) was used to estimate the response of the aquifer to current pumpage
and for one hypothetical pumpage. The model input was reformatted to use in
the U.S. Geological Survey modular model (McDonald and Harbaugh, 1983). The
model was used to estimate water-level changes resulting from five pumpage
scenarios and to evaluate the potential effects of a freshwater injection
barrier. Areas and amounts of infiltration from the river were analyzed by
studying the flow budgets of the model cells. The pumpage scenarios were
designed by DNREC to assist them in formulating water-management decisions.
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HYDROGEOLOGY

An understanding of the hydrogeology of the flow system is required in
order to analyze the interaction of the Potomac aquifers and the Delaware
River. Knowledge is required about these factors: (1) the depth and dis-
tribution of the Potomac aquifers, (2) the nature of the sediments overlying
the Potomac aquifers under the river, and (3) the direction and magnitude of
the hydraulic gradient between the Potomac aquifers and the Delaware River.

This report focuses on the extent and distribution of the uppermost
Potomac aquifer and overlying confining unit in the vicinity of the Delaware
River. Hydrogeologic sections are used to illustrate the continuity of the
uppermost aquifer underlying the river.

Sediments overlying the uppermost Potomac aquifer consist of the
Potomac clay and silt (confining unit), sand and gravel of the Columbia
Group, undifferentiated (Columbia aquifer), and Holocene sediments (table
1). The Potomac clay and silt, where continuous, act as confining units.
On land, the Columbia Group sediments act as the unconfined aquifer and is
termed the "Columbia aquifer." The Columbia sediments are rather permeable
and generally are conduits for water movement between the Potomac aquifers
and the river. The Holocene sediments principally underlie the river and
act as a confining unit.

The hydraulic gradient between the aquifers and the river is affected
by pumpage from the aquifers. 1In areas where the aquifers are relatively
unstressed, potentiometric heads are above the altitude of the river, re-
sulting in ground-water discharge to the river. Conversely, gradients are
from the river to the aquifers in areas where pumping has lowered potentio-
metric heads below the river level.

|
Aquifers and Confining Units

Potomac Aquifers

Lithology

The lithology of the Potomac Formation has been described by McGee
(1886), Jordan (1962, p. 6), Sundstrom and others (1967, p. 17), Martin and
Denver (1982, p. 10), and Jordan (1983, p. 18-20). Jordan (1962, p. 6)
stated that the Potomac Formation consists of white, gray, and rust-brown
quartz sand with some gravel; variegated white, yellow, and red silt and
clay; and some beds of gray clay containing finely disseminated carbonaceous
matter and lignite.

The sand in the Potomac Formation is primarily quartzose (Jordan, 1962,
p. 6) with variable amounts of feldspar, although not enough to warrant the
term arkosic (Groot, 1955, p. 27). Jordan (1983, p. 15) noted that thin
layers of limonite cementation of sand and gravelly sand is common through-
out the Potomac Formation. Jordan also stated that the depositional en-
vironment was an alluvial plain spreading by multiple fans along the
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margin of the Appalachian Highlands. Groot (1955, p. 103) surmised that the
paleoenvironment was a low-lying, swampy Coastal Plain in which fluviatile,
bimodal sediments were deposited--some in brackish, swampy lagoons and
estuaries and some in stream channels and flood plains.

The resulting sediment distribution is dominated by small-scale,
fining-upward sequences, characterized by irregular sand bodies in a silty
clay matrix. Sand was separated from the clay and silt fractions by stream
action and was deposited mainly in stream channels (Sundstrom and others,
1967, p. 18). The sand bodies, because they were generally confined to the
channels of the depositing streams, are elongate and tabular rather than
sheetlike (Sundstrom and others, 1967, p. 18).

Extent

The vertical and horizontal variability of sediment distribution in the
Potomac Formation makes aquifer correlation difficult. Previous workers
have divided the Potomac Formation into a hydrologic system with two or
three aquifers. The Potomac Formation was divided into upper and lower
aquifers by Sundstrom and others (1967, p. 21). Woodruff (1985) stated that
most of the Potomac Formation is characterized by two aquifers, although
some areas in New Castle County show evidence for three aquifers. Rasmussen
and others (1957, p. 111-115) designated the lower, middle, and upper
Potomac aquifers within the Potomac Formation. Martin (1984) used the
three-aquifer breakdown for a digital flow model of the Potomac Formation in
New Castle County. The three-aquifer breakdown is also used in this report.

The extent of the uppermost of the three Potomac aquifers in the
vicinity of the Delaware River was determined from drillers' logs and
geophysical logs. Figure 2 shows the location of the data points and
hydrogeologic sections used to determine aquifer extent. The data reveal
that the upper Potomac aquifer is the uppermost aquifer in the area between
Red Lion Creek and the town of New Castle. North of New Castle to the
Delaware Memorial Bridge (Memorial Bridge), the middle Potomac aquifer is
the uppermost aquifer underlying the Delaware River. North of the Memorial
Bridge to the Fall Line, the middle Potomac aquifer pinches out and the
lower Potomac aquifer becomes the uppermost aquifer.

The depth and vertical extent of the upper Potomac aquifer and related
units is shown in the hydrogeologic sections, figures 3 through 6. Section
A-A', shown in figure 3, extends from north of Red Lion Creek east into New
Jersey (fig. 2). Figure 3 shows that the top of the upper Potomac aquifer
in the area north of Red Lion Creek is 88 to 112 ft below sea level, with a
thickness of approximately 20 ft. The aquifer is not continuous beneath the
river, as shown by data from boreholes Dc44-4 through Dc45-5; however, the
hydraulic connection is provided by the Columbia sand and gravel beneath the
river. The upper Potomac aquifer is present in borehole Dd41-2 at 64 ft
below sea level and extends eastward towards New Jersey.
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The upper Potomac aquifer underlying Artisans Village and Crown Films
consists of two sand units separated by a of clay bed of limited extent
(fig. 4). The top of the upper and lower sand units is from 32 to 72 ft and
92 to 120 ft below sea level, respectively. The upper sand is relatively
thin, ranging in thickness from 5 to 40 ft, whereas the lower sand is at
least 80 ft thick. The intervening clay bed contains some sand lenses, but
is fairly continuous, except beneath Llangollen Estates (boring Dc24-19)
where the thickness is only a few feet.

Figure 5 depicts a section underlying the Delaware River, south of New
Castle, near Crown Films!. The two sand units of the upper Potomac aquifer
underlie the Amoco and Crown Films well fields (boreholes Dc25-16 and Dc25-
27). The upper sand is missing in some areas underlying the Delaware River
(boreholes Dd21-1 and Dd32-2). East of Crown Films, the continuity and
thickness of the underlying clay and lower sand unit is difficult to deter-
mine because of a lack of depth control.

The upper Potomac aquifer is present west of New Castle, but becomes
thin and discontinuous in the vicinity of the Delaware River (fig. 6). The
thickness of the upper Potomac aquifer ranges from 18 to 42 ft beneath the
western part of the New Castle well field, but is only 10 ft thick under the
eastern part (borehole Cd52-27). The upper Potomac aquifer is missing
entirely offshore at New Castle (borehole Dd12-4).

The middle Potomac aquifer is the most important aquifer in the area
between eastern New Castle and the Memorial Bridge. Figure 6 shows the
middle Potomac aquifer underlying the eastern New Castle well field
(borehole Cd52-27) at approximately 100 ft below sea level and 120 ft under
the Delaware River (borehole Ddl2-4). Figure 7 reveals the middle Potomac
aquifer at about 120 ft below sea level east of New Castle, but continuity
of the unit under the river towards the Memorial Bridge cannot be determined
due to lack of data.

The middle Potomac aquifer underlies the river at the Memorial Bridge
at a depth of 100 to 152 ft below sea level (fig. 8). Figure 8 indicates
that the aquifer is continuous to the west, underlying the ICI and Collins
Park well fields at a depth of 48 to 60 ft below sea level, with a thickness
of about 20 to 30 ft. There is some question as to whether the sand unit
underlying the ICI well field between 60 and 76 ft below sea level is the
Potomac Formation or Columbia Group. A heavy-mineral analysis performed on
a core taken at 70 ft below sea level from boring Cd43-16 indicated the sand
belonged to the Columbia Group (K. D. Woodruff, Delaware Geological Survey,
oral commun., 1986). The sand unit underlying the Collins Park well field
at 48 to 60 ft below sea level is the Potomac Formation. The driller’s logs
from boreholes Cd42-17 and Cd43-1 describe the overlying clay as a red and

! The use of industry or firm names in this report is for location

purposes only, and does not impute responsibility for any present or poten-
tial effects on the natural resources.
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white to varigated clay, which is indicative of a Potomac clay. The clay in
boreholes Cd43-4 and Cd43-16 is a "blue" clay and cannot be positively
identified as a Potomac clay, but the clay is fairly continuous in the
Collins Park-ICI area. Although the sand unit 60 to 76 ft below sea level
beneath the ICI well field could be a paleochannel in the Columbia Group, it
functions as part of the middle Potomac aquifer because of the overlying
confining clay and hydraulic continuity with the Potomac sand at the Collins
Park well field.

Delineation of the Potomac aquifers north of the Memorial Bridge is
difficult because of a lack of deep boreholes. Duran (1985) used marine
seismic-reflection and electromagnetic-conductivity techniques to charac-
terize channel bottom sediments of the Delaware River north of the Memorial
Bridge. Analysis of the data suggests that the Potomac aquifers are not
present at a depth of 100 ft below sea level under the river channel from
the Memorial Bridge to near Cherry Island. North of Memorial Bridge, the
Potomac Formation is mostly fine grained, containing relatively thin and
discontinuous sand bodies. 1In general, the Potomac Formation lacks produc-
tive aquifers in the vicinity of Pigeon Point and Cherry Island.

Hydraulic properties

The sediment variability of the Potomac Formation is reflected in the
wide range of values for aquifer properties. The range in values is
primarily a function of the lithology, thickness, lateral extent, and degree
of interconnection of sand bodies within a localized area.

Martin and Denver (1982, table 1) reported transmissivity values of 454
to 8,480 ft2?/d (feet squared per day) from analysis of aquifer tests of
the Potomac aquifers. Transmissivity values used to calibrate a ground-
water flow model of the Potomac aquifers (Martin, 1984) were lowest in the
lower aquifer and highest in the upper aquifer. The maximum transmissivity
values used in the model for the lower, middle, and upper aquifer were
1,500, 3,500, and 6,000 ft2?/d, respectively.

- . . -5
Storage coefficients in the Potomac aquifers range from 5.6x10 to

3.8x10°° (Martin and Denver, 1982, p. 15). The average value, 5.6x10-4, was
used by Martin (1984) for the flow model of the Potomac aquifers.

Upper Potomac Confining Unit

The fine-grained Potomac sediment functions as a confining unit for
the uppermost Potomac aquifer in the study area. Similar to the aquifer
descriptions, this report describes only the uppermost Potomac confining
unit, whether it overlies the lower, middle, or upper Potomac aquifer.
Confining units control the amount of leakage from recharge areas and the
vertical leakage between aquifers. The fine-grained Potomac sediment under-
lying the Delaware River acts as a barrier to the infiltration of river
water.
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Lithology

Jordan (1962, p.6) stated that the fine-grained sediment in the Potomac
Formation consisted of variegated white, yellow, and red silt and clay, and
some beds of gray clay containing finely disseminated carbonaceous matter
and lignite. Groot (1955, p. 103) noted the association of pyrite and
marcasite with the lignite fragments. Talley (1985) performed grain-size
analysis of the fine-grained Potomac sedimeig underlying the Delaware River.
The texture of the sediment ranged from a sandy clay to clayey silt.

Extent

The extent and distribution of the Potomac confining unit underlying
the Delaware River is quite variable. The distribution of the confining
unit overlying the upper Potomac aquifer is best illustrated in figures 3
through 5. North of Red Lion Creek, the altitude of the top of the Potomac
confining unit is approximately at sea level and is about a 100 ft thick
(fig. 3). However, just offshore, the confining unit and upper Potomac
aquifer have been removed, as evidenced in boreholes Dc44-4, Dc45-2, and
Dc45-5. The confining unit underlying the Delaware shore is continuous from
Artisans Village to near Crown Films (fig. 4). Confining-unit thickness
ranges from about 50 ft near Artisans Village to about 90 ft at Llangollen
Estates (borehole Dc24-19). Thickness varies from 60 to 70 ft underlying
the Crown Films well field (borehole Dc25-27). Figure 5 reveals the confin-
ing unit has been removed (Dd21-1) underlying the river adjacent to the
Crown Films and Amoco well fields.

The Potomac confining unit overlying the middle Potomac aquifer near
eastern New Castle (borehole €d52-27) is about 95 ft thick, but has several
interbedded sand bodies (figs. 6 and 7). Offshore from New Castle, the
Potomac confining unit has been eroded to almost 80 ft below the Delaware
River. The erosional surface appears to be continuous northward to the
Memorial Bridge where it reaches a depth of 90 ft below sea level (fig. 7).
The thickness of the confining unit in this stretch of the river is diffi-
cult to determine. The driller's log from borehole Dd12-4 reveals a thick-
ness of about 40 ft, but examination of geophysical logs indicates numerous
interbedded sand and sandy-clay lenses. Figures 7 and 8 indicate that
confining-unit thickness underlying the Memorial Bridge is quite variable.
Boreholes 16c through 44c show that the depth of the confining unit varies
20 ft over a very short distance, with thicknesses between 20 to 40 ft (fig.
7). The confining unit under the Memorial Bridge contains interbedded sands
(fig. 8). The erosional surface of the Potomac sediments exists under the
ICI and Collins Park well fields (fig. 8). Figure 8 indicates the top of
the confining unit ranges from 24 to 116 ft below sea level, with a thick-
ness of 8 to 40 ft.

In some areas of the shipping channel north of the Memorial Bridge, the
top of the Potomac confining unit directly underlies the Delaware River
(Duran, 1985). West of the shipping channel, near Pigeon Point and Cherry
Island, the top of the confining unit has been eroded to a depth of 80 to
120 ft below sea level.
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Hydraulic properties

Vertical hydraulic conductivities of the upper Potomac confining unit
were obtained from laboratory testing of samples by the COE and from_Pge-
viously published data; values provided by the COE range from 3.3x10 to
4.9%10 ° ft/s (feet per second) (table 2). Martin and Denver (1982, p. 13)
reported vertical hydraulic conductivities of 9.6x10°° to 3.7x107° ft/s,
whereas Sundstrom and others (1967, p. 55) listed values of 3.4x107Y to
1.0x107° ft/s.

Columbia Aquifer and Holocene Sediments

The previous discussion describes the occurrence of extensive erosion
of the Potomac sediments. The erosion resulted from a lowering of sea level
during Pleistocene time, and the subsequent downcutting of Pleistocene
rivers into the underlying Potomac sediments. In northern Delaware, the
geologic events during the Pleistocene resulted in erosion of the Potomac
Formation and deposition of sand, gravel, and clay of the Columbia Group
(undifferentiated). The sediments of the Columbia Group comprise the
Columbia aquifer in the study area. The overlying sediment was deposited
during Holocene time. The Holocene sediment is primarily silt, silty sand,
and some gravel and peat deposits.

Lithology and extent

Detailed lithology of the Columbia Group was presented by Jordan (1962,
p. 35-43). The sediments are predominantly tan, reddish-brown sand and
gravel, with some thin beds of silt and clay. The sand is mostly quartz
with some feldspar and small amounts of mica and rock fragments. Talley
(1985) also reported traces of glauconite.

The Holocene sediments are dark gray, slightly micaceous and organic,
relatively uncompacted silts with thin lamellar concentrations of very fine
sand (Jordan and Groot, 1962, p. 1). Peat deposits are also associated with
the Holocene sediments.

The distribution of the Columbia Group and Holocene sediments reflects
the glacial events and related changes in sea level during the Quaternary
Period. The factors controlling Quaternary sedimentation in the study area
have been described by Jordan (1964, p. 40-41), Jordan and Groot (1962), and
Spoljaric (1967, p. 6-11).

The distribution and sedimentary nature of the paleochannels in New
Castle County has been described by Rasmussen and others (1957), Jordan
(1964), Spoljaric (1967), and Woodruff and Thompson (1975). The mapping
completed by previous workers was supplemented with additional data to
provide a more detailed delineation of the paleochannels.

Three predominant paleochannels are present within the study area (fig.

9). The first channel, or western channel, begins near Interstate 295 west
of the Memorial Bridge and trends southwest through Castle Hills towards

21



Table 2.--Vertical hydraulic conductivities and pore-water chloride concentrations
for the Potomac and Holocene sediments

[ft = foot; f;zls = cubic feet per second; mg/L = milligrams per liter
- = a dash indicates data not col lected]
. 17 2/ Pore-water |
Well Sample Description Geologic Sample Hydraulic conductivity (ft/s) chloride
No. No. unit depth Estimate Laboratory concentrations 3
(ft) (mg/L)
Dd11-3 538 Gray inorganic silty Holocene 37.0 to 38.5 0.33-3.3x10'7 448 I
clay with some sand
Dd11-3 540 Gray silty sand Holocene 57.0 to 58.5 - - 152
i
Dd11-3 Red and white clay Potomac 117.0 to 118.5 - - i/116
Dd12-4 S544A Gray clay with a little Holocene 6.0 tov 6.5 - 1.3)(10-7 1,273
sand, slightly organic
Dd12-4 5448 do. Holocene 6.5 to .0 - 834
Dd12-4 544C do. Holocene 7.0 to 7.5 - - 736
Dd12-4 544D do. Holocene 7.5 to' 8.0 - 2.3x10°8 643
Dd12-4 539 Gray inorganic silt, with Holocene 37.0 to 38.5 .33-3.5x10'8
a trace of sand, clayey
Dd12-4 542 Gray silty sand Potomac 97.0 to 98.5 .49-4.9x10'6 - 894
Cd53-1  545A Gray clay, slightly Holocene  36.0 to 36.5 - 6.6x1077 542
organic
Cd53-1 5458 do. Holocene 36.5 to 37.0 - 219
Cd53-1 545¢C do. Holocene 37.0 to 37.5 - - 210
€d53-1 545D do. Holocene 37.5 to 38.0 - - 249
Cd53-1  545E do. Holocene  38.0 to 38.5 3.6x1078 183
Cd53-1 543 Gray clayey sand Holocene 77.0 to 78.0 .33-3.3)(10'6 - 666
WW1 US1/450 Black inorganic silt Holocene -17.0 to -19.0 <S.8x10'8
Wwith organic material
WW2 US1/383 Dark gray soft, clay Holocene -26.0 to -28.0 3.3x10‘8
with sand lenses
WW2 US2/451 Dark gray clay with a Holocene -36.0 to!|-38.0 - 9.8x10°8
trace of sand and
organics :
WW3 UsS1/452 do. Holocene -22.0 to -24.0 - 9.8x10°8 -
WW3 Us2/453 do. Holocene -42.0 to -44.0 - 9.8x10°Y
Wil US2/454 do. Holocene  -32.0 to -34.0 3.9x10°7 -
WW5 Us1/455 do. Holocene -21.0 to -23.0 - 1.3x10°7
WW5 US2/385 Gray clay with a trace Holocene -38.0 to -40.0 - 2.9)(10‘10
of fine sand lenses, top
4 inches had a trace of
pea gravel and trace of
organics
LLB-2 Us1/388 Black clazey inorganic Holocene -23.0 to -25.0 - 5.3x10"°7
silt, with a trace of
fine sand
|
LLB-2  US2/389 do. Holocene -53.0 to -55.0 : 5.6x1077

v Datum is sea level.
2/ provided by the U.S. Army Corps of Engineers.
3/ Provided by the U.S. Army Corps of Engineers, except where noted.
&/ Analysis by Lancaster Laboratories.
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Route 13. The second channel, or middle channel, underlies the western
shore of the Delaware River from Cherry Island to New Castle. The third
channel--the eastern channel--underlies the eastern and central part of the
Delaware River.

The western channel is approximately 40 ft below sea level near
Interstate 295, shallowing to 20 ft below sea level near Route 13 (fig. 9).
This is the shallowest of the three channels. The sediment is about 70 ft
thick in the channel axis, but thins away from the axis (figs. 6 and 8).
Channel sediments are primarily sand and gravel with a slight fining-upward
sequence,

The middle paleochannel underlies the western shore of the Delaware
River. The channel comes inland near Cherry Island, continues south under-
neath the Christina River, and then swings back towards the Delaware River,
running adjacent to the Pigeon Point and ICI areas (fig. 9). Near ICI, the
western and middle channels are in close proximity, resulting in an inter-
connection of sand and gravel (fig. 8). South of ICI, the channels diverge.
The middle channel underlies the western shoreline and pinches out near New
Castle. The depth of the channel axis ranges from 80 to 105 ft below sea
level; sediment thickness is from 60 to 100 ft.

The lithology of the middle channel exhibits a distinct fining-upward
sequence and is characteristic of a channel-fill sequence in a braided
stream, as described by Reineck and Singh (1975, p. 242). The base of the
channel contains gravel and coarse sand (Columbia Group). Overlying these
sediments are medium sand, with some gravel and silt, which grades into fine
sand and silt (Columbia Group). The top of the sequence contains silt and
some organic matter (Holocene sediments). The coarse-grained sequence is 60
ft thick in the channel axis underlying Cherry Island, but thins rapidly and
grades into silt away from the axis. Silt thickness overlying the channel
axis near Cherry Island is from 40 to 60 ft, but increases to 10 to 40 ft
away from the Memorial Bridge channel axis (fig. 10). South of Cherry
Island to about the Memorial Bridge, the coarse-grained sequence is only 5
to 20 ft thick. Conversely, the overlying silt thickness varies from 40 to
100 ft along this stretch (fig. 10). There is an abrupt facies change from
silt to sand and gravel under the Memorial Bridge (fig. 7). Between the
Memorial Bridge and New Castle, the thickness of the coarser sediments is
between 40 to 60 ft. The silt in this channel is almost 60 ft thick under
the Memorial Bridge, but thins rapidly towards the shore and pinches out
landward (fig. 10).

The eastern channel has a well-preserved channel pattern which under-
lies the Delaware River and some of the New Jersey shoreline (fig. 9). The
thalweg of the channel shifts from the New Jersey shoreline near the
Memorial Bridge to the Delaware shoreline adjacent to Red Lion Creek (fig.
9). The channel axis is 80 to 140 ft below sea level, and it is the deepest
of the three channels. Figures 3, 5, and 8 illustrate that the sediments of
the channel are predominantly fine grained. The thickness of coarse-grained
deposits in the base of the channel ranges from 5 to 30 ft under the river,
but increases towards the New Jersey shoreline. Silt thickness ranges from
60 to 100 ft in the main channel, but thins rapidly towards the shoreline
(fig. 10).
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Hydraulic properties

Knowledge of the vertical hydraulic conductivity of the Columbia Group
and Holocene sediments is critical in assessing the leakage of river water
through the paleochannels underlying the Delaware River. The sand and
gravel of the Columbia Group occupies the base of the paleochannels. Moody
(U.S. Geological Survey, written commun., 1986) reported values of vertical
hydraulic conductivity for the Columbia sediments ranged from 1.7x107° ft/s
for silty sand to 3.8x10° " ft/s for sand. he COE reported values of
3.3x10° ° ft/s for silty sand and 3.3x10 % for gravel beds (Bruce Uibel,
written commun., 1985).

Vertical hydraulic conductivities of the Holocene sediments are listed
in table 2. The values range from 2.9x107'? to 3.3x10°° ft/s. Moody (U.S.
Geological Survey, written commun., 1986) reported values of 2.2x10°7 to
4.7x10°7 ft/s.

Hydrologic Significance of Pleistocence Erosion

The previous section discussed the lithology and extent of the
Pleistocene paleochannels in northern Delaware. The downward erosion of
river channels during Pleistocene time resulted in removal of underlying
Cretaceous sediments. The channel-fill sediments deposited after the
erosional episodes consisted of sand and gravel of the Columbia Group and
Holocene sediments. These sediments have a greater permeability than the
Potomac confining unit that had overlain the Potomac aquifers. Therefore,
the paleochannels will influence ground-water and surface-water interaction
and may act as conduits for the infiltration of river water into the Potomac
aquifers.

Chapelle (1985, p. 21) noted that recharge and discharge from the
Potomac aquifers near Baltimore, Md., are strongly influenced by Pleistocene
erosional channels. The Pleistocene erosion removed the overlying Potomac
confining unit which resulted in deposition of more permeable sediment and
provided a conduit for water to leak out of or into the Potomac aquifers.

The general areas where the paleochannels will influence the flow
system in the underlying aquifers are presented in figure 11. This figure
is a composite of figures 9 and 10 and shows the areal distribution of the
base of the Columbia Group where it is below sea level and where the over-
lying Holocene silt thickness is relatively thin (less than 40 ft). Figure
11 indicates the areas along the shorelines of the Delaware River that have
the potential for infiltration of river water into the Potomac aquifers.

The Columbia Group functions as the water-table aquifer in New Castle
County. In some areas, the Columbia aquifer is hydraulically connected with
the sand and gravel underlying the Delaware River. The overlying Holocene
silt acts as the confining unit in the vicinity of the river. This situa-
tion is illustrated in figure 12a and occurs in the areas of the middle
paleochannel, which extends from New Castle to Cherry Island, and near the
New Jersey shoreline. Where the Columbia aquifer continuously underlies the
river, the heads in the Columbia aquifer under the river will influence the
hydraulic gradient between the river and the Potomac aquifers. Pumpage in
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