




present are calcium and sodium...potassium, and the major
anions are bicarbonate, chloride, sulfate, and nitrate.
Silica is also high, but there is some question as to the
exact nature of its occurrence in most ground waters. Silica
is probably not in strictly ionic form and, thus, is not list­
ed above as a simple cation. Sodium-chloride waters were
predominant in the analyses available~ ~he high nitrate con­
tent (see table 3 and 4) may be due in part to contamination
from feedlots for cattle or organic fertilizers, a common
problem in agricultural areas across the nation. There is
the possibility that some nitrate could also come directly
from rainfall, although no data exist for Delaware on such
occurrences.

Iron, measured as total iron, in the Columbia For­
mation is moderately high and often troublesome. The con­
sistently lowest total iron concentrations in the State
seem to occur just northwest of Seaford, while the highest
concentrations were recorded is several ~rialyses from well
Oj3l-3 at Rehoboth Beach. Total iron ranged in this well
from 28 ppm to a questionable 123 ppm. One of the more
puzzling hydrologic problems is the pattern of iron occur­
rence in Delaware's ground waters, particularly in the Col­
umbia Formation. However, studies by Spoljaric and Wood­
ruff (in progress, 1969) may show that at least in the
Columbia Formation the total concentration is related
directly to distance from a known source area, an adjacent
iron-rich formation.

Sulfate is relatively high in the Columbia aquifers,
averaging 15.2 ppm in 56 samples. During deposition, sulfate
may have been associated with the iron as iron sUlfide, and
later oxidized. Areas of metamorphic rocks that acted as
at least partial source areas for Columbia sediments contain
significant amounts of iron sulfide minerals.

The average pH of 82 samples from all Columbia
aquifers was 6.1. Analyses of ground water from the Sea­
ford area showed that the values there are among the lowest
recorded in the State for any aquifer, ranging consistently
between 5.2 and 5.8. The lowest pH value recorded in the
entire State was 4.8 in water from a well (Rh32-2) tapping
the Beaverdam Formation of the Columbia Group at Selbyville.

Chesapeake Group Aquifers

Waters from the Frederica and Cheswold aquifers
of Miocene age are of the sodium, calcium-bicarbonate,
silicate type. Both the bicarbonate and silicate content are
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Ec2l-l
Depth 35'

Ec22-l
Depth 30'

Ni4l-l
Depth 110'

Columbia Group

Columbia Fro.
(Fluvial Pleistocene)

Ni42-l
Depth 65'

Columbia Group

Columbia Fro. (Fluvial
Pleistocene); nitrates =
1.08 epm

Je3l-2
Depth 230'

Cheswo.ld Aquifer
(Miocene)

Je32-l
Depth 220'

Cheswold Aquifer
(Miocene)

8

Je32-4
Depth 392' and 566'

Piney Point
(Eocene)

8

Ca -----.------
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Na + I<----~~---- Cl
2 0 2

equivalents per million
(epm)

Figure 1. Shape diagrams of water quality analyses from
selected wells in Delaware.
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Fb33-3
Depth 90'

Rancocas FIn.
(Paleocene-Eocene)

Rancocas FIn.
(Paleocene-Eocene)

Fb42-3
Depth 132'

Monmouth FIn.
(Upper Cretaceous)

Eb3l-l
Depth 102'

Fb33-l
Depth 200'+

Cd52-l3
Depth 134'

Magothy Fm.
(Upper Cretaceous)

Magothy FIn.
(Upper Cretaceous)

Potomac FIn.
(Cretaceous)

Cc55-1
Depth 221'

Bc24-l
Depth 111'

Potomac FIn.
(Cretaceous)

Crystallines
(Cambrian-Ordovician?)

Ca------,..-.,...---- HCO 3

Mg'---------lI------S04

o2

Na + K-----+------CI

2

equivalents per million
(epm)

Figure 2. Shape diagrams of water quality analyses from
selected wells in Delaware.
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higher than for waters from most .other aquifers. ,The
large amount of fossil shell material (carbonate) within
the Chesapeake Group probably accounts for the high bicar­
bonate content while diatoms contribute to the high silicate
content. Likewise, the average total ~issolved solids are
the highest in any ground waters throughout the State with '
the possible exception of the Piney Point aquifer. The pH
is consistently above 7.0 and may go as high as 8.5 in some
cases. Figure 1 shows the nature of waters from the Chesa­
peake Group Aquifers.

Both the total and dissolved iron content of waters
from the Chesapeake Group aquifers are the lowest in the
State due possibly to the marine, near-shore environment
in which these Miocene age sands were deposited. Nearly
all of the analyses for the waters from Chesapeake Group
aquifers are for Kent and northern Sussex County areas and
only a few analyses exist for these aquifers elsewhere in
Sussex County.

Rancocas and Piney Point Formations

A calcium-bicarbonate facies is characteristic of
most waters from the Rancocas Formation of Paleocene-Eocene
age and of the younger Piney Point Formation of Eocene age.
The bic.arbonate content is especially high in the Piney
Point Formation as illustrated partly by the shape diagram
for the Piney Point Formation in figure 1. Other ions,
with the exception of silicate, are relatively low. Total
dissolved iron in the Rancocas Formation may locally be high
enough to present treatment problems. Rima and others (1964)
attribute the high iron in the Rancocas to the presence of
glauconite. High iron contents have not .been encountered
in waters from the Piney Point Formation, although it too
contains glauconite. The pH varies quite widely in both
formations, from 5.8 to 8.1, and probably depends on the
depth and ground-water travel path. The Rancocas, for in­
stance outcrops just north and south of Middletown, but dis­
appears or "feathers out" downdip, just sduth of Cheswold.
The highest pH recorded for waters of these two aquifers was
8.1 in a well tapping the Piney Point Formation. It is in­
teresting to note that waters from both the Piney Point For­
mation and the younger Cheswold aquifer have a relatively
high silicate content. This may be indicative of vertical
leakage between these two aquifers, although the assumption
is highly tentative at this time.
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TABLE 4

Analyses of water from well Ec22-1 tapping the Columbia
Formation near St. Georges, Delaware

Milligrams per liter

Substance

Aluminum
Calcium
Iron (in solution
Magnesium
Sodium
Potassium

Bicarbonate
Carbonate
Chloride
Fluoride
Nitrate
Phosphate
Sulfate

Silica

Dissolved solids-residue
CaC03 Hardness
Specific conductance
(Micromhos at 25° C)

pH

2/16/53

.3 .
32

.02
14

3.9

37
o

25

63
.1

26

10

137

392

6.2

11/1/60

34
.03

18
44
13

36
o

38
o

102

99 .

13

401
159

581

6.2

Analysis by U. S. Geological Survey
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Marine (Upper) Cretaceous Aquifers

The Marine Cretaceous aquifers consist mainly of
the Monmouth and older Englishtown sands. Neither forma­
tion is a high yielding aquifer and, thus, they are not
heavily used in Delaware. Nearly all the analyses avail-
able are for the Monmouth Formation and show that calcium­
bicarbonate waters are dominant. The content of other
ions is relatively low, with the possible exception of ni­
trate (8.8mg/l average). Total dissolved ir6n is not usually
a problem, and the pH is relatively high in waters from
both the Monmouth and Englishtown Formation.

Magothy Formation

Study of ground waters from the Magothy Formation
indicated a decided difference in the quality of waters oc­
curring in the outcrop area and those occurring downdip.
Representative water quality analyses from the Magothy For­
mation are plotted in figure 2. This difference probably
occurs in fresh water from other formations as well, al­
though it can only be documented at the moment for the
Magothy Formation. In the outcrop area near the Chesa­
peake and Delaware Canal, calcium-bicarbonate waters are
present and the average dissolved solids content is about
146 ppm. Downdip, towards Middletown, the quality changes
to that of the sodium, calcium-bicarbonate type, and the
percentages of nearly all ions decrease southward to near
the fresh-salt water interface. Back (1966) also noted a
change in water quality with flow path for the Raritan and
Mago~hy Formations of New Jersey. In the deeper, fresh­
water portions of the Magothy Formation, the total dissolved
solids content was found to be about 66 ppm. These re­
sults, however, should be interpreted with some caution
due to the few samples available.

Overall, the total iron content is relatively high,
with no apparent difference between waters from the outcrop
area and those from the deeper portions of the Magothy
Formation. The pH is variable, ranging from fairly acid to
basic. The most basic waters from the Magothy seem to occur
at depth, while the more acid waters appear to be found in
the outcrop area. Sulfate is relatively high in all sam­
ples and, again, may have been associated with the iron at
time of deposition.

Potomac Formation

The main ions present in fresh waters from the
various Potomac sands in Delaware are calcium, sodium,
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bicarbonate, and chloride. The total dissolved solids con­
tent is relatively low (80 ppm), but the average total iron
content is higher than for waters from any other aquifer.
The pH is variable, ranging from 5.4 to 8.0 and averaging
6.9 pH units. The Potomac Formation is not used south of
about the Middletown area, and all samples are from the
heavy use area in central New Castle County.

RELATIONSHIP OF SPECIFIC CONDUCTANCE TO TOTAL DISSOLVED SOLIDS

Some attention was given in this study to the re­
lationship of dissolved solids and specific conductance.
If the ratio: total dissolved solids/specific qonductivity
is known, then the dissolved solids content of water can
usually be obtained fairly closely from a conductivity mea­
surement. For many purposes this procedure may be suffi­
ciently accurate and is much less time consuming than a
chemical analysis. Table 5 lists those ratios as deter­
mined for various aquifers. The average ratio for all known
available analyses is 0.70. Figure 4 is a plot of dissolved
solids content vs. conductivity readings in micromhos keyed
according to formation. It is evident that most points fall
into distinct groups according to aquifers or formations.
The resultant plot is essentially a straight line fitted
by eye although the data lends itself quite readily to a
regression type analysis if this type precision is desired.

In figure 4, one or two analyses from wells tap­
ping the Columbia Formation show relatively high dissolved
solids. These are from areas with some degree of brackish
water intrusion and were included to give some points at
the high end of the curve.

RELATIONSHIP OF TOTAL DISSOLVED SOLIDS TO DEPTH

The plot shown in figure 5 was constructed to de­
termine if any apparently simple relationship existed be­
tween the depth of an aquifer or aquifers, and the total
dissolved solids content. No easily definable relationship
was expected and, indeed, none was found. However, the
plot does show again the grouping of the most heavily used
aquifers by the depths at which they are generally tapped.
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CONCLUSIONS

In general, fresh-waters from Delaware aquifers are
suitable for most purposes. High iron concentrations and
low pH values may be troublesome in waters from the Pleistocene
and parts of the Potomac Formations. There is no reliable
way at present to predict local occurrences of high iron
other than by study of past records in the immediate area
of interest. Hardness is not usually a problem in Delaware
Coastal Plain ground-waters, although, waters from the
Chesapeake Group aquifers may be locally harder than waters
from other formations. Concentrated study on specific ions
of immediate interest, such as nitrate, and a detailed
study of chemical quality as it relates to ground-water
flow patterns in Delaware aquifers are the next logical steps.
The latter study would help provide a better understanding
of aquifer, or inter~quifer, flow and any resultant quality
changes.

RECOMMENDATIONS

This study is a brief summary of ground-water
quality in Delaware, oriented toward a user standpoint and
suggests two further lines of investigation: (1) more
frequent and concentrated sampling for nitrates is needed.
The occ~rrence of high nitrates in the Columbia Formation
suggests that local contamination of shallow ground-water
supplies exist. Such a study would be of immediate value
and could be expedited in the field by the use of simple
colorimetric testing kits. (2) a detailed study of ground­
water flow patterns and chemical quality would provide a bet­
ter understanding of what water quality changes take place
within an aquifer. More extensive sampling in those por­
tions of aquifers not heavily used would be especially need­
ed to accomplish this goal. One outcome of such a study
would be anticipation of future problems and, thus, some
chance to work out acceptable solutions.
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