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THE OCCURRENCE OF SALINE GROUND WATER
IN DELAWARE AQUIFERS

ABSTRACT

The location of the fresh-salt-water-boundary in the deeper aquifers
of Delaware is related mainly to head values. Near coastal areas, dynamic
conditions may prevail that affect the interface position within shallow aqui-
fers open to the sea,

Holocene and Columbia sands which form Delaware's shallow water-
table aquifers contain brackish water in scattered coastal areas while brack-
ish water in the artesian aquifers is found at various depths, Water from
Chesapeake Group sediments (Miocene) is fresh in Kent County but is salty
in poorly defined areas of Sussex County. The interface in the Piney Point
Formation (Eocene) lies just north of Milford and extends in a northeast-
southwesterly direction across the State, Brackish water exists in the
Magothy and Potomac formations of Cretaceous age a few miles south of
Middletown,

Heavy pumping near sources of brackish water should be avoided
for the present. Proper location of monitoring wells is necessary for
detection of future chloride movement.

INTRODUCTION

Ground water is one of Delaware's most important natural resources.
All of Kent and Sussex Counties (excepting some irrigation from streams)
and about 55 per cent of the population of New Castle County depend on
ground water to supply their daily water needs. The State has many water-
bearing formations but in some areas the use of these aquifers is limited
by the nearness of two major types of salt-water sources: (l) large sur-
face bodies of saline water including the Delaware and Chesapeake bays
and the Atlantic Ocean; and (2) saline water presently existing within cer-
tain aquifers. The exact reason for the occurrence of high chloride water
within aquifers some distance from the ocean is not always known. In
formations deposited under marine conditions sea water may have been
trapped within the sediments at the time of deposition or, in some cases,
salt water may have entered due to higher sea-level stands during the
geologic past. It is improbable that there is a direct hydraulic connection
with the ocean to artesian aquifers under inland areas even though such
aquifers may now contain saline water. Lithologic changes within a
single formation and the presence of overlying silts or clays usually
impede or modify ground-water flow.



Increasing population and water use have caused some concern about
the possibility of salt-water encroachment. Such fears are not entirely un-
founded because improper management of the State's ground-water resources
could indeed lead to encroachment under certain conditions.

This study (1) evaluates existing data and chemical analyses pertinent
to the salt-water problem, (2) points out those areas where further data are
needed, and (3) recommends or reaffirms those areas where ground-water
development should be limited because of potential salt-water problems.

Previous Work

In 1958 Barksdale and others discussed the theoretical position and
possible movement of water in Cretaceous aquifers under and adjacent to
the lower Delaware River. Their postulated fresh-salt water interface
positions appear today to be essentially correct, at least for Delaware.
Rasmussen and others (1958) studied the chloride concentrations in aquifers
along the Chesapeake and Delaware Canal. Three monitoring wells were
installed in an attempt to determine the effect of deepening and widening
the Canal. It was tentatively concluded that such construction would in-
crease the opportunity for recharge from the Canal to then unaffected
aquifers by a small, but unknown, amount.

More recently, Back (1966) and Upson (1966) have separately con-
sidered the problem for the northern Atlantic Coastal Plain of the United
States. Recent drilling has indicated that in Delaware the location of
their postulated fresh-salt water interface for Cretaceous aquifers is
basically valid.
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SALINITY DETERMINATIONS, RANGES,
AND COLLECTION OF DATA

Salinity of water is usually expressed in terms of the chloride
ion content, the chloride being initially in the form of sodium chloride.
Titration, or reacting, with a measured amount of silver nitrate is the
standard laboratory procedure for determining the exact amount of
chloride in a water sample. Other analytical methods do exist and
selection of technique depends on the materials available, personal
preference, and accuracy desired. Chloride concentration is usually
expressed as parts per million (ppm), i.e., parts by weight of chloride
in one million parts of water. Lately, efforts have been made to stan-
dardize analytical results and to express all concentrations in milligrams
per liter, another measure of weight. For most practical purposes
milligrams per liter is equal to parts per million.

Sea water has a chloride content of about 18, 000 ppm. Actual
chloride ion concentrations in Delaware aquifers that have undergone
salt-water intrusion or have residual chlorides do not appear to be as
high as that of sea water except in one or two cases. The highest con-
centration found in any aquifer to date is about 17,000 ppm of chloride.
However, as will be discussed below, this is not a typical occurrence,
and more commonly two or three thousand ppm of chloride is maximum.

Fresh water in Delaware and most of the eastern United States
is usually considered to be water with a chloride content under 250 ppm.
This is the highest limit of concentration recommended by the U. S,
Public Health Service. Few people can taste a concentration of 250
Ppm as the taste threshold for most individuals seems to be around
500 to 600 ppm. Indeed, in some western portions of the country water
with 500 ppm chloride is locally considered to be fresh.

Water for industrial and irrigation use often requires low
chlorides, Certain industrial processes cannot tolerate even a few
ppm and Rima et al (1964) state that any concentration over 100 ppm
is toxic to most_pﬁnts.

Chlorides in Delaware's tidal surface waters vary considerably
and consequently affect the water use. In Delaware Bay, for example,
chlorides may range from a few hundred parts per million at Delaware



Memorial Bridge to essentially sea water concentrations in the central
portion of the Bay. Tidal fluctuations exist as far north as Trenton,
New Jersey and during periods of low fresh-water inflow the 50 ppm
chloride line may extend up river into the Philadelphia area. The
salinity in smaller ungated, tidal streams also varies greatly, depend-
ing on tide and fresh-water run-off. During high run-off periods
water in these streams is fresh while at other times the chlorides

at the same points may reach as high as 6500 parts per million. This
points out the need for careful management of the shallow ground-water
aquifers which contribute the bulk of fresh-water inflow to Delaware's
surface streams in the Coastal Plain.

Chemical analyses and ground-water levels used in this report
were obtained mainly from Delaware Geological Survey files and from
existing publications. Some additional field data were recently collected
by the Delaware Survey and the Delaware Water and Air Resources
Commission. A few chemical analyses were not used because of
questionable field procedure or disagreement with duplicate samples.
Except for those analyses made by the Delaware Geological Survey,
the sampling procedure was not always known., Factors such as the
pumping time before sampling and the depth of the water sample may
have effected some results. Because of the variable nature of local
water supply problems, available data are not uniformly distributed
within the State. In those areas where a great deal of information
exists it was not considered necessary to list all available analyses,
especially where chlorides are known to be due to waste discharges.

Well locations in this report are numbered according to the
Delaware Geological Survey's well numbering system. In this system)
the State is divided into 5-minute blocks of latitude and longitude with
each block being designated by a combination of one upper case and
one lower case letter. These two letters constitute the first part of
the well number.

Each 5-minute block is further subdivided into 25 one-minute
blocks, each one~minute block bearing a two digit number according
to its location in the 5-minute block., This number follows the two
letters in the first part of the code. The last part of the code is a
sequential number which indicates the order in which the well in-
formation was '"'scheduled' or entered into the well files. The loca-
tion of each well is plotted on a series of master grid maps and retained
permanently,

RELATIONSHIP OF GROUND-WATER LEVELS TO
FRESH-WATER INTERFACE

The boundary between fresh and salt water in an aquifer, or
water-bearing stratum, can be sharp or can be a mixed or diffused

4



wedge-shaped zone of varying height and width, The exact shape of
the interface depends on a number of factors including permeability
and aquifer thickness. In monitoring any movement of the interface

it is important to locate the diffused zone or the edge of the interface
rather precisely to be sure of detecting any actual movement. In
general, under static conditions in the deeper aquifers the interface
will occur where the head or weight of fresh water balances or equals
the weight of underlying salt water. A larger volume of fresh water
than salt water is required for this balance because of the greater
density of salt water. Also, some loss of fresh~water head may occur
in a long flow path, More precisely, salt water would theoretically be
found about 41 feet below sea level per foot of fresh water above sea
level according to the Ghyben-Herzberg Principle. Mathematically
this can be stated as:

h= (d-1)H (1)
where:
h=height of fresh water above sea level
d=density of salt water
H=total depth of fresh water below sea level

Taking the density of sea water as about 1.024 and the fresh
water head as 1 foot then equation (1) becomes:

h 1

Heom— = 2
d-1 T.022-1 ()
H=41 feet

Water levels in artesian aquifers can, therefore, be a general
guide to the depth at which the interface can be expected. The chloride
concentration at the interface would not usually be the same as that of
the adjacent salt or brackish water body, but would be of some lower
value due to mixing occuring at the interface., Such mixing apparently
occurs to some degree even under essentially static conditions.

In shallow aquifers near coastal areas open to the sea, other
factors may modify the interface position. Experimental work by
Cahill (1967) indicates that a cyclic flow exists on the salt-water side
of an interface depending on tidal amplitude and the amount of fresh
water inflow, Salt water may thus be continually moving landward
only to be swept seaward again under the influence of a lateral fresh
water head. This had been suggested earlier by a number of workers
including Cooper and others (1946).



OCCURRENCE OF SALT WATER IN AQUIFERS
Holocene Aquifers

Along coastal areas the size and pattern of land forms is con-
stantly changing, The process may be due to the gradual work of wind,
currents, and waves, or may be extremely sudden such as occurred
in Delaware during the devastating storm of 1962. In any case, newly
formed shoreline features may have salt water trapped within their
sediments, Also, the nearness of such features to salt water provides
opportunity for hydraulic connection with the ocean. In Sussex County,
Delaware, there are many instances of high chlorides in what are main-
ly Holocene deposits. At Indian River Inlet, a chloride content of
17,150 ppm was recorded at about 11 feet in test hole Pj42-11 (see
Figure 6 for location). At 40 feet chlorides were also high, about
14, 600 ppmm. Approximately two and one-half miles north of Indian
River Inlet, in hole Pj21-3, the chloride content of water squeezed
from core samples varied from 650 ppm to a high of about 6900 ppm
depending on depth. Chlorides in test holes Pj22-1 and Pj22-2, both
due west of Pj21-3, also show similar variations in salinity with depth,

Table 1 is based on an unpublished report by Peter B. Smoor,
hydrologist, formerly with the Delaware Geological Survey, and shows
the results of chloride analyses made on water samples squeezed from
cores, including data from the test holes mentioned above., The cores
were taken in a series of test holes located from Indian River Inlet
north to Cape Henlopen. The possibility exists that some of these
test holes may penetrate both Holocene and older, Columbia, deposits.
South of Dewey Beach, Columbia, rather than Holocene sediments, are
known to outcrop both inland and along beach areas (J. C. Kraft, per-
sonal communication). However, in this case, the difference is not
significant from a hydrologic standpoint as both units are water-table
aquifers. Probably no large scale pumping would be feasible from any
shallow wells in this area and in most instances there is no guarantee
that even small yield domestic wells will tap fresh water., However,
there are scattered coastal areas where small amounts of fresh water
are skimmed off the top of underlying salt water by wells as shallow as
ten feet,

Inlahd, known sediments of Holocene age are not extensive or
thick enough to be seriously considered as water-supply sources,

Columbia Aquifers

Throughout most of Delaware sediments that were either derived
directly from glacial melt-water or were otherwise deposited during



the Pleistocene (glacial) Period mantle the surface and overlie older
sediments. These rocks are referred to as the Columbia Formation
in the northern part of the State and the Columbia Group in Sussex
County where more than one formation of Pleistocene age exists
(Jordan, 1962). In New Castle County, the Columbia Formation is
generally thin, having an average thickness of about 30 feet except
in paleochannels where the maximum known thickness is about 105
feet. The Columbia thickens to the south and in Sussex County the
maximum thickness exceeds 150 feet. Much vertical recharge to
deeper aquifers probably takes place through the Columbia Forma-
tion. Hundreds of shallow domestic wells and many irrigation wells
tap Columbia sands and in northern Delaware some high-yielding
industrial wells are located in Columbia paleochannels. In Kent and
Sussex Counties many municipal wells also are screened in the
Columbia,

The data reveal a few incidents of abnormally high chlorides
in known Columbia aquifers. Three such cases - New Castle, Lewes,
and Rehoboth Beach have been known for some time and have been
discussed by Marine and Rasmussen (1955), Lewes has alleviated
its problem by drilling new wells farther inland with resultant lower-
ing of chlorides in the older wells nearer Delaware Bay, indicating
that a reversal of the intrusion took place, Getty Oil Company re-
ported another instance of brackish water from well Ecl3-11 (see
Figure 4). Chlorides in this well were as high as 360 ppm during
August, 1966, This is probably indicative of general lateral migra-
tion of salt water in the Delaware City area. Pumpage from this
well, which taps a Columbia channel, has been curtailed. In all
cases contamination was induced from nearby surface bodies of
saline or brackish water.

Recently, high chlorides occurred in well Ec23-6 (see Figure 4)
located at the Gunning- Bedford School just north of the Chesapeake and
Delaware Canal. In August, 1967, a high iron content and unusual
tastes were reported in water from this well, However, no analyses
were made until January, 1968 when over 800 ppm chloride were
found. The well penetrates at least 80 feet of Columbia material and
analysis of electric logs made in recent test holes shows the high
chloride water to exist from about 70-100 feet below land surface.

The apparent immediate source of chloride appears to be the dredg-
ing spoil area on the north bank of the Chesapeake and Delaware Canal,
1000 to 1500 feet south of the well. Very probably the high chlorides
will eventually be flushed from the area but there is no indication as

to how long this might take.
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Most of the natural flow of water within the Columbia is toward
existing surface streams and water bodies., As long as local pumping
does not reverse the gradient, lowered stream flows and salt-water
intrusion will not be a problem. The exact amount of pumpage necessary
to do this depends on the individual situation and few areas in the State
have been evaluated in this regard. Trained personnel, basic data, and
time have so far been insufficient to permit much detailed study. In
coastal areas some fresh water can usually be found in the upper part
of the Columbia, especially north of Lewes, although there are some
exceptions. Baker et al. (1966) reported salt-water contamination in
the shallow Columbia sands at Slaughter Beach, Also, as mentioned
above, the high chloride content of water from test holes south of Dewey
Beach could be at least partly from the Columbia, Salt-water can
usually be expected in the deeper Columbia in southern Delaware
coastal areas, Although hydraulic connection with the ocean is probably
the main reason for high chlorides, upward vertical leakage from the
underlying Chesapeake Group could account for higher than normal
chlorides in some Columbia wells near the coast.

Chesapeake Group

Miocene age sediments crop out in southern New Castle County
and thicken towards the southeast as shown in Figures 1 and 2, Through-
out Maryland and Delaware they are known collectively as the Chesapeake
Group. Generally, south of about Dover, at least two distinct sands
within the Chesapeake Group can be recognized, and are known informally
as the Frederica (upper) and Cheswold (lower) aquifers. These aquifers
are an extremely important source of water for central and southern
Kent County. In areas of present pumping, natural chlorides are low
and no evidence can be found of induced abnormally high chlorides, Water
analyses from a recently drilled well at Milford (Mel5-29) show the
chloride content of water from the Cheswold (?) aquifer to be 64 ppm.
There is no reason to believe that there would be any danger of salt-water
intrusion considering the locations of present and potential heavy pumping
areas in central Delaware,

In Sussex County the situation is somewhat different. Inland, the
Frederica and Cheswold aquifers are thought to be fresh in the northern
and western part of the county although there are few data available.
Data are especially meager for the southern inland portion of Sussex
County due to the lack of wells drilled to the Chesapeake Group. At
Slaughter Beach, Baker et al. (1966) reported fresh water in wells tap-
ping the Frederica and Cheswold aquifers at depths of 240 to 300 feet.
At Prime Hook Beach local drillers report fresh water at about 300 feet
but salt water at shallower depths, This is believed to be substantiated
by electric logs from the area. However, the Cheswold and Frederica
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aquifers apparently contain brackish water in most central and southern
Sussex County coastal areas, Water from well Pjll-1 (see Figure 6

for location) near Dewey Beach reportedly contained 1200 ppm chlorides
at 300 feet and also at 530 feet, Water from well Nhl3-1, drilled in 1940
at Broadkill Beach, reportedly was high in chlorides at 380 feet although
the evidence is poor. However, the theoretical interface or 300 ppm
isochlor line at this depth according to Back (1966), apparently based

on water levels is several miles south of Broadkill Beach., In general,
the fresh-salt-water interface appears to cut across the southeast cornez
of Delaware somewhere near Rehoboth Beach and extends in a south-
westerly direction, At present, the exact position of this line is not
known with certainty,

In Sussex County two additional sands, younger and thus higher
in the stratigraphic section than the Frederica and Cheswold, have
been recognized and are called the Pocomoke and Manokin aquifers.,

It is not everywhere possible to distinguish these individual sand layers
but this classification has proven quite helpful in dealing with strati-
graphic problems of a general nature. Usually water in the Pocomoke
and Manokin aquifers is low in chlorides, Data for well Qj22-1, which
taps the Manokin at Sussex Shores, shows brackish water at 80 feet but
fresh water at about 178 feet, Approximately 50 feet of clay or sandy
clay is present between the two strata, the upper of which is probably
of Pleistocene age. The electric log of a well at Bethany Beach,
0j32-10, also seems to indicate fresh water from about 185 feet to

215 feet, but brackish water occurs in sands shallower than 185 feet,
Two analyses, first reported by Rasmussen and others (1960), are
evidence of local, apparently natural, intrusion in the Manokin aquifer
near Lewes due to the nearness of Delaware Bay and the Lewes-Rehoboth
Canal.

Paleocene-Eocene Aquifers

The major Paleocene-Eocene aquifers in Delaware are the
Rancocas and the Piney Point formations, the Piney Point being slightly
younger than the Rancocas Formation. As can be seen on Figure 2,
the Rancocas outcrops in south-central New Castle County and dips
in a southeasterly direction beneath younger sediments., South of
Smyrna the Rancocas appears to grade into a silt called Unit C (Jordan,
1962) and interfingers laterally into another silt named Unit A, The
electric log of a deep well (Id31-26) drilled north of Dover and south of
Cheswold shows about 10 feet of Rancocas sand and only a short distance
to the south of this well the Rancocas disappears entirely.

Very few reliable chemical analyses exist for water from the
Paleocene-Eocene sediments, particularly the Rancocas Formation.
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Data from one well, Hd44-1, drilled in 1957 about four miles southeast

of Smyrna, shows the water to have a chloride content of over 900 ppm.
Correlation by Kraft et al. (1966) on the basis of electric logs indicates
that the bottom of the well is in Unit C, a short distance above the top

of the Rancocas, although Unit C is not usually water-bearing., The
analyses on this well are thought to be entirely reliable as two commercial
laboratories are in reasonable agreement on the chloride content, Further-
more, the static water level within the aquifer was only two to three feet
above sea level at time of drilling and according to the Ghyben-Herzberg
principle at least five feet of fresh-water head would be needed to main-
tain a fresh-water aquifer at this location and depth (see Table 2). It is
quite possible that the high chlorides are residual, due to incomplete
flushing of ancient sea water. However, pumping from the Rancocas in
the Clayton area, recorded in the period from 1943 to 1966, could also
lower the levels near Smyrna as shown by calculations which used a
transmissibility of 16,800 gallons per day per foot and a storage co-
efficient of , 00019 (aquifer coefficients from Sundstrom et al. 1968).

Data from well Hel2-1, drilled to the Paleocene (Rancocas?) in
1946 at Woodland Beach indicates the water is brackish and not suitable
for drinking., Unfortunately, no actual analyses were made available.
As shown in Table 2, the static level was four feet above sea level and,
theoretically, should be slightly greater than four feet to prevent salt-
water encroachment,

Based on available information, it appears then that salt-water
exists in at least part of the Rancocas Formation and possibly in Unit C
also. A brackish-water line apparently extends from Woodland Beach
on Delaware Bay in a southeasterly direction, passing about two to three
miles south of Smyrna. Farther to the north, the level in well Fb33-3,
drilled in 1930 to the Rancocas Formation at Middletown was over 44
feet above sea level, more than enough to inhibit salt-water intrusion
at this location. Little or no control exists other than the wells mentioned
above and it is presently not possible to extend the line farther southwest with
confidence. Moreover, it i8 possible that part of the chloride content re-
ported in these cases could be residual., Also, other unpublished work by
Kraft indicates rapid lateral facies changes within the Rancocas. Thus
it becomes extremely difficult in northern Kent County to determine the
cause or the possibility of salt water within the Rancocas and the Eocene
age sediments in general.

The Piney Point Formation, the other major aquifer in the Paleocene
and Eocene series does not crop out in Delaware but underlies the Chesa-
peake Group in the Dover area. To the north it grades into Unit A of
Jordan (1962) and is absent, as an aquifer at least, a mile or two south
of Cheswold., However, there is electric log evidence that the Piney
Point as a geologic unit is found north of Dover but has become finer
grained. The thickest section of Piney Point found in Delaware so far
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is at Dover Air Force Base. To the south and westward into Maryland the
Piney Point thins and loses its identity in southern Sussex County (see Figure
2). The Piney Point Formation is one of the more important water producers
in central Delaware, yielding as high as 1100 to 1200 gallons per minute at
the Dover Air Force Base and about 600 gallons per minute in central Dover,
Farther to the south as the formation becomes finer grained the yield drops
off considerably. At Milford, Delaware a maximum yield of only 65 gpm

was obtained in a partially developed test well (Mel5-29) drilled in January,
1968 and pump test results showed a very low transmissibility.

Piney Point water in areas of present pumping is low in.chlorides.
One of the earlier reports on Piney Point water quality was from wells
He45-1 and He45-2 drilled at Bombay Hook in 1938 and 1940 respectively.
These wells were reported to flow above ground surface at the time of
drilling and the water was reported to be fresh., A driller's report also
exists for another Piney Point (?) well, Hd52-2 drilled in 1953 a little
less than two miles southeast of well Hd44-1 (see Figure 5)., The water
quality was reported to be good although no actual analyses were made.
The static level in Hd52-2 was measured as nine feet below sea level at
the time of drilling. Normally, high chlorides would be expected under
such conditions in a Delaware aquifer.

The static level at the time of drilling in well Je32-4 (Dover Air
Force Base), which is screened both at the top and bottom of the Piney
Point and produced fresh water, was also lower than might theoretically
be expected (see Table 2), The stratigraphy of the Piney Point and the
overlying and adjacent formations probably play a role in keeping the
aquifer fresh in Kent County.

The Piney Point undoubtedly contains brackish or salty water to
the south, Prior to the drilling of a Piney Point well at Milford (Mel5-29)
there was some question as to the exact location of the interface in that
area., Two screens were installed in the Milford well in an attempt to
locate more exactly the depth of the interface. One screen was placed
from 640' to 700' (land surface datum), near the top of the aquifer, and
one near the bottom of the Piney Point from 780" to 785'. A series of
water quality samples were taken and samples for both zones contained
about 537 ppm chloride. The static level was one foot above sea level
in February, 1968 while according to the Ghyben-Herzberg principle a
fresh-water head of at least 18 feet above sea level should be needed to
maintain a fresh-water aquifer at this location. On this basis, the inter-
face is probably at least a mile or two north of Milford. On Figure 3,
the postulated interface extends in a northeast-southwest direction across
Delaware and consequently passes just north of Milford and thence
beneath the southwest corner of Delaware. Some questionable further
support for the existence of salt-water in the Piney Point is provided
by data from an 1080 foot well drilled in 1898 at Lewes., Correlation
by Rasmussen and others (1960) indicated that the well penetrated
Eocene sediments and water from the interval 1064 to 1080 (Piney
Point ?) reportedly was saline. The stratigraphic correlation however
is in some doubt (Jordan, personal communication} and no trace of the

well can be found today.
14
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Marine Cretaceous Aquifers

The marine Cretaceous sediments in Delaware include the Monmouth
and Matawan groups. The younger Monmouth Group has been divided in the
outcrop area into the Redbank Formation and the underlying Mt. Laurel-
Navesink Formation; the Matawan Group includes the Wenonah and Mer-
chantville formations. However, downdip all four of these formations
lose their identity and the terms Monmouth and Matawan are lowered to
formation status.

In general, the marine Cretaceous sediments are silts and very
fine sands and therefore are not high-yielding aquifers. Some water-
bearing sands do occur, but, they are generally very thin. Chlorides
are low from the Monmouth sediments in central New Castle County
and, in view of the light with.drawals, there is no immediate reason
to expect any occurrence of high chlorides in areas of present pumping.
However, head values for the Monmouth Formation in well Gd33-4(a)
on Thoroughfare Neck, in southeastern New Castle County indicate that
this well location is probably close to an interface. Table 2 shows the
calculated head value necessary to theoretically limit salt water intru-
sion at this point. In the vicinity of the Chesapeake and Delaware Canal
ground-water discharge appears to be towards the Canal, thus limiting
intrusion from this source (Rasmussen et al,, 1958).

Magothy Formation

The Magothy is recognized as a transitional unit between younger
marine units and the older non-marine Potomac Formation. The
Magothy Formation crops out in the Chesapeake and Delaware Canal
near Chesapeake City, and generally dips to the southeast. Magothy
sands form an important aquifer in northern Delaware and, except for
some local thinning, generally persist beneath the entire State south
of the outcrop area., Several analyses confirm the presence of brack-
ish water in the Magothy south of a northeast-southwest trending line
passing about five miles south of Middletown., Water from well
Gd33-4(b) near Deakyneville, in southern New Castle County contains
about 300 ppm chloride and farther south, water from the Magothy well
Id31-26, located between Dover and Cheswold, contains over 1000 ppm
chloride. These analyses are in good agreement with the theoretical
interfaces proposed by Upson (1966) and by Back (1966).

The presently fresh-water bearing portions of the aquifer lie
adjacent to surface salt or brackish-water sources in New Castle
County and thus careful management of the aquifer is necessary.
These sources are (1) the Chesapeake and Delaware Canal, (2)
Delaware Bay to the east and (3) possibly, the Chesapeake Bay to the
west, At present, where the Magothy underlies the Canal, the fresh
water gradient within the Magothy appears to be towards the Canal
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(Rasmussen et at., 1958) and salt-water intrusion would not occur
unless future pumping reversed the gradient, Beneath Delaware Bay
the situation is somewhat more complicated with regard to both the
stratigraphy and ground-water movement. Apparently fine-grained
Holocene sediments overlie the Bay floor from at least Delaware
Memorial Bridge south to about Port Mahon (Jordan et al., 1962).

In addition, the Merchantville Formation, younger than the Magothy,
may overlap the Magothy in a northerly direction (Spoljaric, personal
communication) and help prevent direct connection with the Bay., This
is not known with any certainty, however, and much work remains to
be done on the stratigraphy beneath Delaware Bay. Ground-water
flow directions along and under Delaware Bay south of New Castle
are probably towards the Bay. Farther to the northeast in the
Philadelphia-Camden area, local pumping has reversed this

gradient toward the centers of pumping (Barksdale and others, 1958).
No actual cases of intrusion into the Magothy due to pumping have
been reported in southeastern New Castle County and in general,
pumping from the Magothy in the Delaware Bay area is light.

The possibility of intrusion from Chesapeake Bay appears to
be less of a problem than the other two sources mentioned above although
an interface probably exists in the Chesapeake Bay area (Back, 1966).
Sundstrom et al, (1967) believe that pumpage from the older Potomac
Formation in the western end of the Chesapeake and Delaware Canal
would have little effect onthis interface and the same should also
generally hold true for the Magothy.

Potomac Formation

The Potomac either outcrops or lies directly beneath a cover of
Columbia sediments over about 95-100 square miles in New Castle
County. It is the chief water-producing formation of northern Delaware
with the possible exception of Columbia paleochannels., The strati-
graphy and basic hydrology have been rather extensively covered in
other reports, especially by Sundstrom et al., (1967), and thus will
not be treated here in detail, Sands within the Potomac Formation,
like those of the Magothy, are geographically close to large brackish
surface water bodies. In the Chesapeake and Delaware Canal area,
flow does not appear to be toward the Canal, as in shallower aquifers,
but rather is toward centers of pumping. In this case, the center of
the main cone of depression is in the Delaware City area at the eastern
end of the Canal., Thick intervening clays apparently exclude at least
local recharge to the Potomac from surface water sources and salt
water intrusion is not generally thought to be an immediate threat.
Sundstrom et al., (1967) has given considerable attention to this problem
and reference should be made to this paper for detailed explanations.
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Over-all, the possibility of declining water levels are in themselves
thought to be more of a problem than salt-water intrusion.

Water from the Potomac at some point downdip undoubtedly
contains high chlorides.. The theoretical fresh-salt-water interface
appears to occur at about the same position as that for the Magothy
(see Figure 3). Geophysical logs from well Gd33-4, which penetrated
Potomac sediments, indicate the presence of high chlorides and tend
to confirm the 250 ppm chloride line postulated by Upson (1966) and
the 350 ppm line of Back (1966). In addition, Rima and others (1964)
place the fresh-salt-water interface (chloride value not specified) in
nearly the same position as did Upson (1966) but apparently somewhat
south of the 350 ppm line proposed by Back (1966). The electric log
of the deep well at the Dover Air Force Base {Je32-4) likewise may
indicate the presence of chlorides in the upper part of the Potomac.
Only a single point resistivity log is quite tenuous. The interface
apparently bends north quite sharply on the New Jersey side of
Delaware Estuary, reflecting pumping in that area, It should be
noted that the interface position in Delaware as shown on Map 1I-514-B
of the map series '""Engineering Geology of the Northeast Corridor,
Washington, D. C. to Boston, Massachusetts: Coastal Plain and
Surficial Deposits (1967)" is inconsistent with present data.

PUMPING LIMITATIONS

Two general situations exist where large ground-water withdrawals
should be controlled to prevent salt-water intrusion. These are (1) at or
just on the fresh-water side of the interface in artesian aquifers, and
(2) in the water-table or shallow aquifers immediately adjacent to salt
or brackish water bodies. In Delaware's artesian aquifers however,
the fresh-salt water boundary does not always appear to be well-defined
but rather seems to be a broad, diffused zone that may extend for several
miles. Chlorides in such a zone are generally only a few hundred parts
per million and seem to change very little along the dip of any particular
formation, Data from both the Magothy and Piney Point formations in
particular indicate the existence of such zones, Possibly, those
Delaware aquifers formed under marine conditions at least are still
in the process of being flushed by fresh water and the chlorides now
present are remnants of ancient sea water. Moreover, dynamic con-
ditions may prevail in shallow water-table aquifers of Pleistocene or
Holocene age opening to the sea and cautious use of the Ghyben-Herzberg
is necessary in all cases.

Specifically, additional large amounts of water should not be
pumped from the Potomac and Magothy formations in a zone across the
State bounded by Townsend on the north and Smyrna on the south, at
least until the movement of water within the formations can be monitored

and the exact nature of the interface defined, The same should hold
true for the Piney Point Formation in an area bounded by a northeast-
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southwest line two to three miles north of Milford and by a line passing
through Milford on the south. However, some limited planned withdrawals
could probably be made relatively close to these arbitrary boundaries
with proper monitoring.

In most Atlantic Shore areas north of Cape Henlopen fresh water
could probably continue to be skimmed off the top by small withdrawals
without undesireable results, especially if the withdrawals were seasonal.

However, any specific coastal area should be studied as an
entity in itself., The ground-water flow patterns in the water table
-and shallow aquifers are known to some degree but the detailed
picture is rather complex and any fresh-salt-water interface in
these shallow aquifers could probably be affected in a number of
ways, Detailed stratigraphic knowledge of shallow sediments may
become important when considering dredging projects, especially
in Sussex County. As long as fresh-water heads are high the danger
of encroachment is minimal. Unrestricted dredging in salt-water
areas might initiate intrusion in certain cases. Thus in considering
any large scale ground-water projects, or even a number of small ones,
it becomes important to know fresh-water heads and to predict the
exact flow patterns.

Increased pumping from the shallow Columbia Formation near
New Castle should be done cautiously and with adaquate monitoring
due to the nearness of Delaware Bay and the possibility of resultant
intrusion. However, this would not apply to areas just west of the
city and east of U.S. Route 13 where a Columbia paleochannel offers
excellent yield possibilities with no apparent salt-water problems.

Finally, the possibilities of pumping from the Rancocas two
to three miles south of Middletown should be viewed with caution,
Theoretically, an interface should occur somewhere in this area and
a limited amount of field data does indicate the presence of brackish
water although the exact source of this water is not known,

RECOMMENDATIONS FOR FURTHER STUDY

Four specific lines of investigations are recommended upon
review of the existing data:

(1) Determine the nature and position of the fresh-salt-water
interface in the Piney Point Formation in Delaware. The yield of the
formation is generally high and further development is quite certain.
In northern Sussex County and southern Kent County the exact position
of the interface is critical from a water-supply planning viewpoint,

At least one deep well to the Piney Point one to three miles north of
Milford would be required as a minimum to locate and subsequently
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monitor the interface., If increased development of the area took place,
one or more wells could be added on a northeast-southwest line across
the State, Chlorides should be monitored at least once a year and water
levels several times a year. Considering the high cost of well installa-
tions, one well, if correctly located, would probably be adequate for
many years, if no additional heavy pumping of the Piney Point occurred.
Actually, the interface would move extremely slowly, if at all, and
probably is not moving any perceptible amount at present.

(2) Refine the generally known data on chloride distribution
in the Magothy and Potomac formations. Such refinement is important
from the standpoint of developmert for southern New Castle and
northern Kent counties, The Magothy and Potomac formations, with
the exception of Columbia channels, are generally the only reliable
producers of large amounts of water in the area. The Rancocas will
yield, in places, as high as 500 gpm to properly developed wells,
but more often the maximum yield is about 250-300 gpm. Again,
one well to each formation just north of Townsend would provide much-
needed control in this area. Water-level measurements and quality
data should be taken on the same basis as outlined for the Piney Point
well, Because of the several sand zones or hydrogeologic units within
the Potomac there may be more than one interface depending on head
relationships between these sandy zones. This is illustrated by two
recently drilled wells (Ec32-3 and Ec32-7) near St. George's screened
in separate sands within the Potomac and having a head differential
between the two sandy zones of about 30 feet., Figure 2 partially
differentiates two of these Potomac zones.

(3) Investigate the reported high chlorides in the Rancacas
Formation in northern Kent County as suggested by analyses from
well Hd44-1 and well He44-1. To confirm the initial analyses would
be a relatively easy matter but, to determine the position of any
salt-water interface by conventional drilling would be more expensive.
Nevertheless, the presence of chlorides should be actually confirmed
by at least one hole, Water-level measurements should also be made
in wells tapping the Rancocas in order to define flow directions. The
stratigraphic situation in the Rancocas ia complicated somewhat by a
facies change downdip where the Rancocas sands apparently grade or
interfinger laterally into Unit A, an aquitard. No reliable water level
data or chloride analyses exist for Unit A because of its non-water
yielding nature. Although this general area southeast of Smyrna is only
lightly pumped at present, the water supply possibilities should be
accurately defined as part of future planning.

(4) Fresh-salt-water boundary positions in the Columbia sands
along coastal areas need to be determined, specifically for pumping
areas near New Castle, Delaware City, Lewes, Rehoboth Beach,
Bethany Beach and Fenwick Island. Each locality in itself is probably
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a considerable project and may involve rather complex head relation-
ships. There does not appear to be any immediate danger of drastically
changing existing boundaries. However, continued growth and develop-
ment of these areas dictate that we understand what is happening or what
might happen within the shallow aquifers.

SUMMARY

Brackish water is present in nearly all of Delaware's aquifers.
The exact depth and location of the salt-water interface varies with
each aquifer and is dependent mainly on fresh-water heads, centers
of pumping, and lithology. The interface positions for the artesian
Potomac and Magothy Formations are fairly well known but the inter-
face positions for younger formations are not adequately defined at
present,

Salt-water intrusion in water-table aquifers underlying coastal
areas is spotty. The fresh-water heads of the Columbia sands which
make up the water-table aquifers are lowest near the ocean, and intru-
sion would be expected to occur naturally in some areas, Further
development of the Columbia Formation throughout the State should
be done cautiously as these sands provide most of the recharge to
deeper aquifers and sustain base flow to tidal surface streams.

Monitoring of salt-water movement is generally inadequate
but not critical at present from the standpoint of water use. Further
monitoring will be needed in the future as ground-water development
increases., Most heavy centers of ground-water pumping are not in
an immediate danger of salt-water intrusion but proper management
and control of pumping is essential,
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Table 3 - Chloride Analyses of water from Delaware Wells Page 26
na - not available
Total Depth Geologic
Well No. Owner Depth Screened Unit Date of PpPm
In Feet (land surface  Screened Sample Chlorides
datum)

Ca55-1 City of Newark 76 na Potomac 4/26/51 12
Ca55-3 City of Newark 64 na Potomac 4/26/51 12
Cab5-5 City of Newark 63 na Potomac 4/26/51 16

1] "o 1" 1" 1" " 12/18/51 "
Cab55-7 Phillips Packing 79 na Potomac 9/22/53 .9.0
Cb51-2 City of Newark 62 na Potomac 4/26/51 12
Cc34-8 Town of Newport 71 na Potomac 9/20/55 13
Composite
Cc54-1, ‘
Cc45-2, New Castle Co. 197, 159, 221 na Potomac 1/11/51 3.4

1" 11 1" 1" 1" " 1} 1
Ce55-1 1/21/54 5.0
Cc45-1 New Castle Co. 197 187-197 Potomac 9/3/57 5.3
Ccb55-1 New Castle Co. 221 211-221 Potomac 4/3/57 2.5
Cc55-1 " " " " na " 9/3/57 5.0
Cdl5-1 Ludlow Mfg. 98 na Potomac 6/ /53 15,7
Cdl5-1 " " " " " 6/28/55 35
Cd33-2 Cork Insulation Co. 120 na Potomac 1/18/54 515
Cd33_2 1" 1" 12 1" 1" " 6/28/55 218
Cd33-2 " " " " " " 4/18/57 174
Cd42-1 Collins Park
Water Co. 72 60-72 Potomac 1/18/54 25
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