










the Lewes-Rehoboth Beach area and the lowest values in
the Bethany Beach-Fenwick Island area. Sundstrom and
Pickett also state that although coefficients of storage
of the Pleistocene aquifer have been determined, they
are too low and probably the true value approaches the
effective specific yield (0.15) of the aquifer.

As was determined by Baker, et ale (1966), the
amount of water available from the-water-table aquifer
(Columbia Group) in the Lewes area is 0.5 mgd/sq.mi.
This amounts to 5.2 mgd (million gallons per day) in the
area of Pleistocene headland within the 5-foot contour
line shown in Figure 1 for the Lewes-Rehoboth Beach area.
Assuming that the amount of water available in the
Pleistocene headland west of Bethany Beach is the same
(0.5 mgd/sq.mi.), an additional 4.5 mgd may be pumped
from the area within the 5-foot contour shown in Figure 1.

Holocene Aquifer

At certain localities shallow drive-point wells
obtain small quantities of water suitable for individual
homes: Cape Henlopen to north of Rehoboth Beach; from
south of Dewey Beach to north of Indian River Inlet;
from south of Indian River Inlet to north of Bethany
Beach; from south of Bethany Beach to just north of
Fenwick Island. These areas are all located on the
barrier island bars, and fresh water is available where
the head is sufficient to keep the salt-water interface
from reaching pumping wells. As an approximation,
perhaps one million gallons per day are available from
this aquifer without deterioration of water quality by
saline intrusion. Wells should not be closely spaced
because of the danger of salt-water contamination.
Pollution potential from overflowing septic tanks also
exists. Storm washover can also cause contamination of
the aquifer.

GROUND-WATER CHEMICAL QUALITY

The U. S. Public Health Service (1962) has set up
drinking water standards for public water supplies. They
state that "drinking water shall not contain impurities
in concentrations which may be hazardous to the health of
consumers; that it should not be excessively corrosive to
the water supply system, and that substances used in its
treatment shall not remain in the water in concentrations
greater than is required by good practice."
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Ground-water quality analyses of waters from the
Delaware Atlantic seashore aquifers do not include all
of the constituents recommended by the U. S. Public
Health Service. The following, for which the maximum
recommended concentration is given, are generally
reported: chloride (2S0 mg/l), iron (0.3 mg/l), and
total dissolved solids (SOO mg/l). One milligram per
liter (mg/l) is approximately equivalent to one part per
million (ppm) and the terms are used interchangeably in
this report. Waters of less than pH 7.0 are acid and
contribute to corrosion of water supply systems. Hardness
is also reported in many of the analyses and may be
classed (Durfor and Becker, 1964) as soft (0-60 mg/l of
CaC03), medium hard (61-120), hard (121-180), and very
hard (more than 180).

Manokin Aquifer

Chemical quality data of waters derived from the
Manokin aquifer are quite meager because so few wells have
penetrated the unit. Four wells supply the following:

Well No. Chloride
(ppm)

Iron
(ppm)

Total
Dissolved

Solids (ppm)

Hardness
{ppm as pH
CaC03

Qj42-S
(340-360 ft)

Wor Ah-6
(363-373 ft)

NiSS-6

Qj41-2
(341-366 ft)

60

35

65

4

12

5

7.7

191

170

84

103

7.3

6.4

6.3

6.9

Pocomoke Aquifer

Few data are available for the water quality of
this aquifer. However, it is in use at Bethany Beach,
Sussex Shores, and Fenwick Island. One well at Indian
River Inlet penetrated to the horizon of the Pocomoke
aquifer (170-180 feet) and reported irony water. Well
Pj12-1 at Delaware Seashore State Park contains 220 ppm
chloride due to salt-water encroachment. The Pocomoke
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in Maryland, south of the-Delaware state line, has the
following average chemical characteristics (Rasmussen
and Slaughter, 1955): iron (4.5 ppm), bicarbonate
(150 ppm), chloride (19 ppm), medium hard (105 ppm),
total dissolved solids (187 ppm), and pH (7.0).

Pleistocene (Columbia) Aquifer

The iron content for 18 wells averages 2.6 ppm
(range 0.04 to 7.5 ppm). The pH for 19 wells averages
6.5 (range 6.0 to 8.1). The hardness for 17 wells
averages 46 ppm (range 17 to 84 ppm). Chlorides for
19 wells average 29.6 ppm (range 7 to 86 ppm). The
aquifer is also vulnerable to pollution from septic
tanks.

Holocene Aquifer

As in some parts of the Pleistocene aquifer where
permeable sediments are in intimate contact with salt
water, there are often problems of high chloride content
in water derived from the Holocene sediments. Other
factors which make development of the Holocene aquifer
risky are high iron content, odor, taste, and vulner­
ability to pollution from septic tanks. In areas where
there is sufficient fresh-water head established to
hold back salt-water intrusion the water quality is
similar to that of the Pleistocene aquifer.

SALT-WATER ENCROACHMENT

In coastal areas where permeable geologic materials
such as sand are in intimate contact with saline bodies
of water (the ocean, bays, lagoons, and marshes) there
is an ever-present danger that over-pumping of unconfined
or partially confined aquifers may result in salt-water
contamination of the wells if the fresh-water head is not
sufficient to hold back intrusion by the denser salt
water. Over-pumping of confined aquifers can also result
in contamination of the aquifer as salt water moves updip
toward the pumping wells. In the case of confined
aquifers the salt water present in the lowe~ portions of
the aquifer may be the result of higher stands of the sea
or sea water entrapped in the sediments when they were
originally deposited and which has not yet been flushed
out by fresh water.
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The position of the fresh-salt water interface can
be reasonably predicted by a knowledge of the amount of
fresh-water head in the aquifer. The Ghyben-Herzberg
Principle states that the fresh-salt water interface is
to be found 40 feet below sea level for every foot of
fresh water above sea level. The relationship is
expressed as:

h = (g-l)H

where:
h = height of fresh water above sea level
g = specific gravity of sea water
H = total depth of fresh water below sea level

If it is assumed that the average specific gravity
of sea water is 1.025 and that the fresh water head is 1
foot above sea level then:

H = h
g - 1

1= 1.025 - 1

H = 40 feet

History of Salt-Water Encroachment in the Report Area

The towns of Lewes and Rehoboth Beach have had to
abandon earlier wellfields because of salt-water encroach­
ment of the Columbia (Pleistocene) aquifer by nearby
bodies of salt water. As the demand for potable water
increased in Lewes, salt water moved toward the city
wellfield from the deepened Lewes and Rehoboth Canal
(1943-44) and the location of a new wellfield was neces­
sitated. The problem was resolved by the location of the
wellfield on the Pleistocene headland to the southwest of
the old wellfield (Marine and Rasmussen, 1955). The
location is shown in Figure 1.

A similar situation existed at Rehoboth Beach (1943­
44) where increased pumping resulted in salt-water
contamination of the old wellfield located on the barrier
island bar. Location of a new wellfield (Figure 1) to
the west of the Lewes and Rehoboth Canal on the same
Pleistocene headland as the new Lewes wellfield resolved
the problem (Marine and Rasmussen, 1955).

The area of Cape Henlopen and Fort Miles has expe­
rienced water quality problems. from salt-water contamination
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of Holocene and Pleistocene aquifers. This was resolved
by locating the Fort Miles wellfield farther inland.

Dewey Beach, supplied by private wells, reports
brackish water, high iron content, and marshy odor. These
problems result from movement of water from the Holocene
sediments into the Pleistocene aquifer due to pumpage.

Salt-water contamination has also been a problem at
Indian River Inlet because the area is bounded on three .
sides by salt water and also because of the movement of
salt water from the Holocene sediments of the bays and
inlet into the Columbia (Pleistocene) aquifer.

Bethany Beach has not faced problems of salt-water
intrusion. The shallow Columbia (Pleistocene) aquifer,
which is vulnerable to salt-water intrusion, is not used
extensively during the summer season in order to preserve
its quality for year-round use. During the summer a well
in the Pocomoke aquifer is used.

Shallow wells in Fenwick Island have been plagued by
salt-water contamination due to the presence of bodies of
salt water on two sides. A very thin veneer of Holocene
sediments is not sufficient to prevent movement of the
salt water into the Pleistocene aquifer. The upper Miocene
aquiclude at Fenwick Island contains small sands that may
also be contaminated by salt water in the Pleistocene
aquifer.

Salt-Water Encroachment Potential of the Major Aquifers

The following summarizes the salt-water encroachment
potential for the Delaware Atlantic seashore aquifers:

Manokin Aquifer

Ground-water in the Manokin aquifer of the southern
portion of the seashore area is not salty at the present
time. Water from 340-360 feet depth in well Qj42-5 con­
tains 60 ppm chloride, and water from 363-373 feet depth
in well Wor-Ah-6 (in Maryland, just south of Fenwick
Island) contains 35 ppm chloride. However, there is some
indication of a salt-water front in what this report con­
siders to be the St. Marys Formation(?) as is illustrated
in Figure 3. Control points for construction of the salt­
water front are: fresh-salt water interface in 600 feet
below sea level in the Frederica aquifer (Sundstrom and
Pickett, 1969), and at 464-474 feet in the St. Marys
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Formation(?) where 296 ppm chloride is reported (Kantrowitz,
1969). It would be advisable to monitor the water quality
of Manokin wells in the southern portion of the shore area.

Well Pj12-1, recently drilled at Delaware Seashore
State Park, contained 220 ppm chloride in the Pocomoke
aquifer and resistivity curves of the electric log indicate
that the Manokin aquifer is saltier. The higher chloride
content of the ground water in this area is attributable to
salt-water encroachment from Rehoboth Bay and the Atlantic
Ocean as a result of the absence of sufficient fresh water
head (originally maintained by the presence of a Pleistocene
headland containing fresh water).

Pocomoke Aquifer

Wells at Ocean City, Maryland, some 8 miles south of
Fenwick Island and 5.5 miles downdip, pump water from the
Pocomoke and have never had trouble with salt water. The
chloride content of these wells is about 30 ppm. Salt­
water encroachment from the south is not a problem in the
seashore area. However, as is mentioned above, the
chloride level is approaching the limit (250 ppm) in the
area to the east of Rehoboth Bay due to salt-water encroach­
ment.

Columbia (Pleistocene) Aquifer

The sands of this aquifer, because of their uncon­
fined nature and the presence of nearby bodies of salt
water, are vulnerable to salt-water contamination due to
excessive pumping or drainage practices which lower the
fresh-water head and permit the salt water to move
forward and upward. Figure 1 (contours from Sundstrom
and Pickett, 1969) shows the five- and ten-foot contour
lines on the water table in the Delaware Atlantic
seashore area. The area between the five-foot contour
and the Atlantic Ocean or other bodies of salt water
(bays, inlets, canals, and marshes) is considered to be
a danger zone because of the definite possibility of
salt-water encroachment if pumping rates are excessive.
Municipal wells and industrial wells that are to be
pumped at high rates for long periods of time should be
placed on the landward side of the ten-foot contour.
Caution should be used by shore communities 'if heavy
pumping is contemplated for wells placed between the
five- and ten-foot contours. It would be advisable to
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maintain a line of forward monitor wells between the
pumping wells and the salt-water front if very high
pumping rates on a continuous basis are being considered.

It should also be pointed out that any deepening of
the Assawoman Canal to the west of Bethany Beach could
result in salt-water intrusion of the Columbia (Pleisto­
cene) aquifer in a manner and degree comparable to what
happened to the Lewes and Rehoboth wellfields when the
Lewes and Rehoboth Canal was deepened. A wellfield
located in this area should" be positioned far enough
away from the present Assawoman Canal to avoid this
problem.

Holocene Aquifer

The problems mentioned for the Columbia (Pleistocene)
aquifer are the same for the Holocene aquifer. This
aquifer should be used only for individual domestic wells
because the aquifers are usually thin and the proximity
of the fresh-salt water interface is often quite close.

AREAL SUMMARY OF GROUND-WATER RESOURCES

A new interpretation of the geologic framework upon
which the hydrologic data has been superimposed concludes
that sufficient ground water is available to meet the
needs of the Delaware Atlantic seashore area to at least
the year 2000.

Correlation of two Miocene aquifers, the Manokin
and the Pocomoke, by means of electric logs and descrip­
tive logs results in a revision of the subsurface geology
of southeastern Delaware and the discovery of a deeper
aquifer that is the true downdip extension of the Manokin
aquifer.

The Manokin and Pocomoke aquifers will yield a
maximum of 8 and 10 million gallons per day, respectively,
in the shore area. The Columbia (Pleistocene) aquifer
will yield 5.2 million gallons per day from the headland
to the south of Lewes and 4.5 million gallons per day
from the headland to the southwest of Ocean View-Millville.
Approximately one million gallons per day is available
from small wells along the barrier island bars, but this
water is more vulnerable to salt-water contamination and
pollution from septic tanks. The water from the Manokin
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and Pocomoke aquifers will need more treatment than water
from the Pleistocene aquifer but they are less vulnerable
to salt-water encroachment.

The following is a summary of the ground-water
resources by area along the Delaware Atlantic seashore in
terms of sewer districts. Some recommendations are made
for test drilling.

Lewes-Rehoboth Beach

Additional quantities of water for this area can be
obtained from more wells on the Pleistocene headland
where the present wellfields are located. The community
of Dewey Beach, which does not have a central water
supply, should consider exploratory holes to the Manokin
aquifer (200-250 feet deep) or obtaining water from
Rehoboth Beach.

Cape Henlopen State Park

Some water can be obtained from the old wellfield
used by Ft. Miles. Water can also be obtained in small
quantities from the Pleistocene and Holocene aquifers in
the area. Drilling wells near the Lewes and Rehoboth
Canal is not recommended because of past problems of
salt-water encroachment toward wellfields near the Canal.

Delaware Seashore State Park

Expansion of recreational facilities will require
additional water supplies. Well Pj12-l, drilled in July,
1971, indicates that salt-water encroachment has taken
place in both the Pocomoke and Manokin aquifers in the
northern part of the park. Further test-drilling is
recommended at Indian River Inlet to test these two
aquifers. Although the water from the Pocomoke is irony,
it is considered that the chloride content will be lower
and the yield greater.

Greater Bethany Beach

This area has four alternatives for ground water:
1) maintaining the present wells in the Pleistocene
aquifer; 2) drilling additional wells in the Pocomoke
aquifer; 3) drilling new wells to the Manokin aquifer;
4) construction of a wellfield on the Pleistocene headland
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to the south of Millville and southwest of Ocean View
where the water table contours indicate a fresh water
head in excess of 10 feet.

Fenwick Island

At present the greater number of wells in Fenwick
Island are drilled into the Pocomoke aquifer. A number
of small wells obtain water from the Pleistocene aquifer
but there seems to be a threat of salt-water encroach­
ment. Deeper wells to the Manokin may be warranted in
the future.

CAUTIONS AND RECOMMENDATIONS

The proper utilization of the ground-water
resources of the Delaware Atlantic seashore depends on
an awareness of the interaction of the various components
of the hydrologic cycle. This is the complete cycle
through which water passes, commencing as water vapor in
the atmosphere, changing to rain, snow or ice, then moving
along or into the ground, and finally returning to the
atmosphere by means of evaporation and transpiration. A
decrease in precipitation can result in lowering of water
tables, permitting salt-water intrusion, drying-up of
shallow wells, and increased pumping costs. Deepening,
widening, or addition of canals and drainage ditches can
lower the water table or permit the entrance of salt
water into the aquifer, as has occurred along the Lewes
and Rehoboth Canal. Improper well-spacing can result in
well interference and excessive drawdown. High water
table and the presence of septic tanks might result in
contamination of the aquifer by overflow from the septic
tanks. The elimination of the recharge areas due to
overdevelopment and covering with impermeable surfaces
can lower the water table.

Well construction standards as established by the
Delaware Water and Air Resources Commission should be
strictly adhered to in order to avoid aquifer contamina­
tion by surface waters.

Development of the inland ground-water resources,
those on the Pleistocene headlands and farther west, may
be more economical than the deeper aquifers because of
treatment costs. The waters from the Pocomoke and
Manokin aquifers generally are more acid, harder, and
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very irony as compared to the Columbia (Pleistocene)
aquifer. However, the cost of water lines from the
headlands to the shore areas may be more expensive than
treatment of the water from the deeper aquifers. A
much greater amount of water is available to the west
of the seashore area and if needed can be brought to
the centers of population along the shore.

The possibility and desirability of recharge of
treated waters to the water-table (Columbia) aquifer
should be considered. Treatment to remove nitrates
would be necessary. The benefits of recharge are quite
obvious, but certain problems might arise. If recharge
took place in areas of high water table, this might
result in flooded basements and swampy properties. The
consideration of recharge should include a knowledge of
what might happen to the area when the water is spread
over the surface of the ground or pumped down recharge
wells. At present it appears that recharge will not be
needed because of the low population density, but this
might change in the future. In addition, recharge on
the seaward side of wellfields in the Columbia
(Pleistocene) aquifer might prevent salt-water intrusion.
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