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DISCUSSION

The name Columbia aquifer refers to the shallow subsurface
hydrologic unit that underlies most of the Coastal Plain in Delaware
and the Eastern Shore of Maryland. The name Columbia is taken
from the geologic units that it usually occursin, the Columbia Forma-
tion and the Columbia Group. The Columbia aquifer is a major source
of water tapped by nearly all domestie, irrigation, and agricultural
wells, and many public supply wells. It is part of a regional stream-
aguifer system that supplies 80 to 90 percent of fair-weather stream-
flow and also transmits water to recharge deeper (confined) aquifers
{(Johnston, 1973, 1976). Persons interested in a more complete analysis
of the Columbia aquifer are referred to Johnston {1873, 1976, 1877).

Previous studies in Delaware have used the terms Pleistocene, water-
table aquifer, and unconfined aquifer to refer to the hydrologic unit
occurring within the Columbia Formation or Columbia Group,
Holocene rocks, and suberopping parts of the Manokin and Pocomoke
aquifers {Sundstrom and Pickett, 1969; Johnston, 1973; Cushing et al,,
1973). The name Columbia aguifer is used in Maryland (Bachman and
Wilson, 1984). These studies consider the first confining bed below the
Columbia Formation or Columbia Group to be the base of the
Columbia aguifer. This map follows these conventions for defining
the extent of the aquifer.

Aquifer Framework

The Columbia aquifer is a heterogeneous, anisotropic, hydrologic
unif that occurs in unconsolidated siliciclastic rocks ranging in age
from Miocene to Holocene. Descriptions of the geologic units are
shown in Table 1. Cross-sections A-A’, B-B, C-C', and Figure 1 show
the hydrologic units.

Freeze and Cherry (1978, p. 48) define an unconfined or water-table
aquifer as “... an aquifer in which the water table forms the upper
boundary.” To be consistent with previous studies, the base of the
Columbia aquifer is defined as the top of the first confining bed below
the Columbia Group rather than as the top of the first confining bed
below land surface, so that the Columbia aquifer does not always
conform to the definition of an unconfined aquifer.

The geometry and geology of the Columbia aquifer are complex
because of the spatial relationships between aquifers and confining
beds. Usually, silty and/or clayey beds of the Bethany formation (as
defined in Andres, 1986} underlie the Columbia Group and form the
base of the aquifer. However, in much of the map area (sec inset) these
silty and/or clayey beds are thin or absent so that the underiying
Pocomoke aquifer (a hydrologic unit occurring within the Bethany
formation) is in direct hydraulic connection and functions as part of
the Columbia aquifer. This section of the aguifer is designated
Columbia-Pocomoke. Additional complexity is introduced where con-
fining beds within Holocene and Columbia Group rocks are thick,
numerous, and areally continuous, such as in the vieinity of Dewey
Beach and Rehoboth Beach.

The geometry of the fresh-water portion of the Columbia aquifer is
also dependent on the position and characteristics of the fresh water-
salt water interface. The interface is the boundary between fresh
water and water with a composition of seawater, In reality, the fresh
water-salt water interface is not a sharp boundary but rather a zone of
transition between fresh water and water with'a composition similar
to seawater. There is a lack of data regarding the exact position and
character of the fresh water-salt water interface in the map area.

Ground-Water Hydrology

Generally, ground water flows from recharge areas in topographic-
ally high, inland areas, to discharge areas in the streams, swamps,
bay, and ocean. Studies in nearby Maryland by Bachman and Wilson
(1984) suggest that flow paths are dependent on the prasence and
thickness of confining layers, surface topography, and aquifer
thickness.

Figuare I shows a hypothetical ground-water flow system thoughtto
be typical of the area. Most flow derived from local ground-water
recharge tends to follow short flow paths that discharge to local
streams and Hehoboth Bay. Some flow in the deeper part of the aquifer
probably originated to the west of the map area. A few flow pathsenter
deeper aquifers where there is a direct connection with the underlying
Pocomoke aguifer.

In this area, fresh ground water in the Columbia aquifer is derived
frominfiltration of precipitation into the soil and subsequentrecharge
of the water {able. Information regarding the infiltration potential of
surficial materials can be obtained from Hydrologic Atlas sheets
{Adams et al.,, 1964; Boggess et al., 1964} and a soil survey report
{Ireland and Matthews, 1974). Most recharge occurs during the non-
growing season from about mid-October to early April (Johnston,
1973). Recharge occurs less frequently during the growing season
from April to mid-October because of seil-moisture deficits (Johnston,
1973),

Ground-water discharge to streams (baseflow) has been measured
at four low-flow partial record stations in the map area. Estimated
bagseflow values range from 0.03 to 1.45 cubic feet per second per
square mile (cfs/mi?) {Talley and Andres, 1986). Johnston (1676, 1977)
reports average winter baseflow values in the range of 0.88 to 1.03
cfs/mi* for central and southern Delaware. Differences in baseflow
between the map area and Johnston’s (1976, 1977) reported values
may be due to interaquifer flow between the Columbia and deeper
aquifers, a different ground-water evapotranspiration rate, or the less
detailed nature of the low-flow partial record measurements,

Water Quality

In general, water from the Columbia aquifer is good for most
purposes. The water is usually low in dissolved solids, averaging 118
milligrams per liter (mg/1). However, the water is slightly acidic and
contains significant bicarbonate, averaging 6.08 (pH units) and 33
mg/1, vespectively, properties that make the water corrosive to metal
plumbing components. Iron concentrations (1.6 mg/1 average) may be
high enough in some areas to cause staining of laundry and plumbing
fixtures.

The Columbia aguifer is highly vulnerable to pollution by contami-
nants released at or below land surface. Some sources of contamina-
tion arelandfills, sewage, animal wastes, fertilizers, pesticides, petrol-
eum products, industrial wastes, road de-icing salt, and dredge spoils.
For exarmple, nitrate-nitrogen concentrations exceeding the primary
drinking water standard (10 mg/1) have been found in a number of
wells in the map area (Ritter and Chirnside, 1982). Additionally,
pumping wells have caused salt-water intrusion near bodies of saline
surface water. The Lewes and Rehoboth Beach water supply wells had
to be moved inland over 30 years ago because of this problem.

Table 1

Descriptions of geologic units that contain the Columbia aquifer

Holocene

Unnamed beds of sand, gravel, silt, and clay deposited in beach,

marsh, and estuarine environments in response to the last ses level

rise.

Columbia Group

Dewey Beach.

Bethany formation

in the Columbia Group.

from Chrzastowski (1986).

Sand, fine to coarse, with variable amounts of gravel, silt, and clay;
tan, yellow, white, brown, and gray. Silty and clayey layers are
thicker and more numerous in the vicinity of Rehoboth Beach and

Sand, fine to coarse, with variable amounts of silt, clay, gravel, and
shell material; gray, blue-gray, olive-gray, white, and brown. Silty
and clayey layers tend to be thicker and more continuous than those

FIGURE 1. Generalized hydrogeologic cross-section showing
inferred ground-water flow paths. Sub-baybottom conditions inferred
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DEPTH CURVES AND SOUNDINGS IN METERS—DATUM IS MEAN LOW WATER

THE RELATIONSHIP BETWEEN THE TWO DATUMS 1S VARIABLE

SHORELINE SHOWN REPRESENTS THE APPROXIMATE LINE OF MEAN HIGH WATER

THE MEAN RANGE OF TIDE IS APPROXIMATELY 1.3 METERS

MAP LOCATION

Projection and 1000.meter grid, zone 18: Universal
Transverse Mercator

10.0600-foot grid ticks based on Delaware caordinate system
1927 North American Datum -

To place on the predicted North American Datum 1983
move the projection lines 7 meters south and

32 meters west as shown by dashed corner ticks



