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; V ATER, as with all things readily available for use by
man, is often taken for granted. Prior to colonization, vrater
from the area that is now the State of Delaware was used
by the Indians. Human use of water for agricultural, do-
mestic, and other needs increased after the Dutch founded
Zwaanendael (now the city of Lewes) in 1631. The use of
water has increased continuously with the growth of popula-
tion, farms, and industries and has been accompanied by an
ever increasing amount of contaminants (chemical adulter-
ants) and pollutants (organic wastes) discharged into the
streams and lakes within the State.

As contaminants and pollutants increase, the problems
encountered by the users along the watercourses alsy in-
crease. Treatment to remove undesirable impurities, b=fore
the water is used by industries, may be costly. Some pol-
lutants contribute to the rotting of piers, pilings, and boat
hulls and also weaken concrete structures. Pollution may
be harmful to fish in several ways: by reducing the oxygen
concentration of the water, by clogging the gills of immature
fish, by covering and smothering the spawn with silt or
poisons, or by causing changes in the aquatic life on vhich
the fish subsist. Oysters and clams, grown in polluted
waters, may harbor pathogenic organisms; moreover, vari-
ous organisms causing intestinal diseases are probably
waterborne.

The dairy industry is also affected, for polluted waters
can infect entire herds of cattle with parasites, which en-
danger the lives of both the animals and the consumer. The
growth of crops may be stunted if irrigation waters are pol-
luted with excesses of certain chemical constituents, such as
sodium chloride and acids.

Streams have natural self-purifying powers. B-iefly
stated, the following is the history of a stream downstream
from a source of pollution:

The water becomes turbid. Aquatic vegetation dies for
lack of sunlight. Dissolved oxygen decreases. Scavenging
organisms increase. Some sewage settles to form sludge
deposits. As flow proceeds downstream, the oxygen may be
completely used up. If no additional pollution occurs down-
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stream, the oxygen demand of the decomposing sewage is
gradually matched by the rate of oxygen absorption from
the air. Downstream from here, the flow improve- in qual-
ity. TFinally, at some point farther down, all wastes are
oxidized, and the stream has almost regained its natural
condition.

Self-purification of streams is a slow process that requires
much time and long stream travel. It is significant that,
even though the sewage solids have been removed ty natural
action, the dissolved-solids load of the stream is increased.

Categories of Quality

Contaminants and pollutants of the natural waters of the
State can be classified under five categories of quality which
are studied: chemical, physical, bacteriological, hiological,
and radiochemical quality. Today, almost any water can
be treated by specific methods to produce water of desired
quality, but cost determines the extent to which treatment
is practicable.

A study of the chemical quality of water provides a basis
for determining the type of treatment necessary to make
the water suitable for use. Samples are collected at estab-
lished surface- and ground-water sites in accordance with a
plan. Determinations are made of all or some of the follow-
ing: dissolved solids, phenols, cyanides, color, pH, temper-
ature, specific conductance, silica, iron, copper, chromium,
calcium, magnesium, sodium, potassium, carbonate, bicar-
bonate, sulfate, chloride, fluoride, nitrate, and hardness.
Other important minor elements are determined as required.

In addition to the dissolved materials, streams carry sus-
pended materials, such as dust, bacteria, spores of fungi,
organic residues of animals and plants, sediment and silt,
iron oxides, various types of trade wastes, municipel sewage,
and fibers.

The concentration of the sediment, its total quantity, and
the distribution of particle size are commonly determined.
This information is useful in studies of erosion, in the study
of sedimentation in stream channels and reservoirs, and in
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planning treatment of the water for industrial or municipal
use.

Biological investigations of polluted streams use living or-
ganisms, plants and animals, as indicators of stream con-
ditions. The biologist investigates the types and number
of plants and animals in a stream, and furnishes related
chemical data, such as dissolved oxygen and biochemical
oxygen demand—the quantity of oxygen used in the bio-
chemical oxidation of organic matter within a specified time
and at a specified temperature.

Bacteriological and sanitary surveys are conducted using
a roughly quantitative measure of the density of the coli-
form group of bacteria in a given sample of water < an
indicator of pollution. Additional tests indicating bacterio-
logical pollution are a bacterial count on standard agar cul-
ture medium at normal body temperature (37°C) and a
5-day biochemical-oxygen-demand determination. Other
routine determinations made on the samples are temper-
ature, turbidity, alkalinity, and chloride content.

The fifth category of water quality mentioned above, ra-
diochemical quality, is a potential source of stream pollution.
Several organizations have instituted preliminary studies
of the radiation levels in the vicinity of the State of Dela-
ware. Among these studies are the Radiation Measurernent
Program of the Delaware Water Pollution Commissior. the
Radioactivity Background Monitoring Survey of the U.S.
Public Health Service, and a study by the U.S. Geological
Survey.

Background counts have been made on artesian water from
the middle aquifer of the nonmarine Cretaceous formations
at New Castle, from the Cheswold aquifer at Dover, and
from the Frederica aquifer at Milford. Radiation levels
are very low. In theevent of extensive fallout, surface-v-ater
supplies may temporarily be contaminated, and reliance
would be placed on the artesian waters.

Pollution Abatement

To abate the nuisance of polluted waters, the legislature
passed the Delaware Water Pollution Control Act in 1949,
creating the Delaware Water Pollution Commission. Many
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investigations have been reported. The commission has
made recommendations for treatment, which have been fol-
lowed by cities, towns, industries, and private persons in the
State. Substantial progress toward the attainment of pure
water has been recorded, but with rising quantities of waste,
increasing vigilance must be maintained.

Water Purification

Most public drinking supplies in Delaware are drawn from
ground-water sources (wells and springs), but some are taken
from surface sources. The city of Wilmington, for example,
draws its entire public water supply from the Brandywine
Creek, and the community of Claymont purchases part of
its water supply from the Chester, Pa., Municipal Author-
ity, whose source is Octoraro Creek in Pennsylvania.

Water purification is achieved in diverse ways, depending
on the qualitative and quantitative requirements and on
the source of the water. Purification of the public water has,
however, become a necessity. Filtration and chlorination
have been helpful in bringing under control systemic diseases
such as typhoid fever, paratyphoid fever, amoebic and bacil-
lary dysentery, cholera, gastroenteritis, and infectious hepa-
titis. Water purification together with other treatment may
also remove suspended matter, iron, manganese, algae, acid-
ity, and hardness.

At one stage of purification the water, either raw or fin-
ished, may be stored in a reservoir. In these reservoirs path-
ogenic organisms, bacteria derived from the excrcta of dis-
eased animals or other sources and capable of infecting a
new victim, tend to die out owing to the unfavorable food
supplies and competitive life. This process is known as
bacterial self-purification. The color or aqueous extract of
the soluble material contained in the decaying vegetation
and swamp material is bleached somewhat by the sun while
in storage. Iron, an essential constituent in this organic
color extract, undergoes oxidation and with other finely di-
vided suspended matter settles to the bottom of the reservoir.

Accompanying these advantages of reservoir storage are
disadvantages, such as disagreeable tastes and odors intro-
duced by the increased growth of plant and animal life; how-
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ever, this condition can be controlled in a properly operated
reservoir. Most algae which flourish in reservoirs are con-
trolled with the addition of chloramine (chlorine and am-
monia) and copper sulfate, used separately or together. Po-
tassium permanganate is also used as an algacide.

The Wilmington Water Department operates the Porter
and Brandywine Filter Plants. Raw water entering the
Porter Plant, which supplies two-thirds of the water of the
city, is treated as follows: addition of lime to raise the pH,
prechlorination to kill bacteria, addition of alum to induce
coagulation, addition of activated carbon to remove unde-
sirable odor and taste, rapid-sand filtration removing the
carbon and turbidity, a second addition of lime to adjust
pH, postchlorination to protect against bacteria in the dis-
tribution system, and fluoridation to inhibit tooth decay.
A similar sequence is followed at the Brandywine F'ant.
The following tables show the chemical character of the raw
and treated water of the city of Wilmington. Chemically,
the difference is slight; the significant difference is in the
purity: the finished water is clear and has no bacteria.

Water quality of the city of Wilmington

| Analyses by Geologieal Survey, U.S. Department of the Interior. Results in parts per million
except as indicated]

Brandywine City tap
Creek raw water | finished water
Date of collection................cooiiiiiiii i, 5-31-50 4-25-51
Silica (8i0) .. ... it 12 12
Iron (Fe)........... .. .. . . . . . . . . .. .... . 08 . 10
Caleium (Ca)............................ 11 12
Magnesium (Mg)........................ 4.5 4.4
Sodium (Na)............................ 6.7 5.4
Potassium (K)............... ... ... . ... ..ot 1.0
Bicarbonate (HCO3)...................... 38 27
Carbonate (CO3s)..............cuiin. .. 0 0
Sulfate (SO .............. ... ... 17 28
Chloride (Cly............................ 4.8 6.0
Fluoride (F)............ .. ... ... ... ...... .1 .0
Nitrate (NOg) .. ........ ... . 57 3.9
Dissolved solids (residue on evaporation at
180°C) . s e e 89 89
Hardness as CaCOs. . .................... 46 48
Noncarbonate hardness as CaCQO;.......... 15 26
Specific conductance. .. micromhos at 25°C. . 131 ]3;
..................................... 6.8 1
Color........... i 5 3
Temperature. . ...................... °F 64 60
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Regular determinations at treatment plant, 1950

Alkalinity as pH Hardness as Turbidity
CaCOs (ppm) CaCO; (ppm)

Av |Max | Min | Av { Max| Min | Av { Max| Min| Av | Max | Min

Raw water.| 35 | 49 | 10 {7.2 (8.4 (6.9 |....|....|.... 40 |800 8
Finished
water....| 27 | 40 316.516.9(53 )52 62| 40 0 0 0

The Wilmington Suburban Water Corp., which supplies
the communities of Bellefonte, Bellevue, Claymont, Gwin-
hurst, Holly Oak, Silverside, and others in New Castle
County, obtains about 25 percent of its water from natural
springs. This water is treated as follows: Prechlorination,
coagulation with alum, sedimentation, rapid sand filtration,
postchlorination, and adjustment of pH with lime. The re-
mainder of the supply is obtained mostly from the Delaware
Water Corp. and a small amount from the Chester, Pa.,
Municipal Authority.

The cities of Dover, Lewes, Milford, New Castle, and
Seaford and the municipality of Newark draw their public
water supplies from wells. These waters are treated in
several ways—including aeration, chlorination, coagulation
with lime, and adjustment of the pH with lime—bsfore they
are released to the consumers.

Sewcge Treatment

Because streams provide the easiest and most e2onomical
means of waste disposal, most cities discharge their human
wastes into the nearest river or stream available. This same
stream may be used by others downstream for drinking
water and to supply water for industrial, agricultural, and
recreational needs. As stated previously, streams have an
amazing ability to treat wastes and thus purify tkemselves.
When the pollution load becomes too heavy, however, it is
necessary to give nature a helping hand. In orde- to make
the river safe for use by others, the wastes of a city should
be treated before they are discharged into the river.

Municipal sewage treatment includes the removal of sus-
pended solids—both organic and inorganic—to a reasonable
extent, conversion of the remaining organic material into
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stable forms that will not decompose further and thereby
produce odors, and the reduction of the pathogenic bacteria
count of the effluent. The degree of treatment depends on
the character of the waste itself, the number and kind of
future users of the stream, and the upstream discharge of
wastes. Most sewage treatment in Delaware, including that
used in Wilmington, is of the primary type, which allows
the suspended solids in the sewage to settle out in large open
tanks and discharges the relatively clear remaining liquid
into the streams.

Development of the Wilmington-New Castle County
trunk sewerage system in 1954 gave northern Delawar= a
sanitary district of first importance in the State. The Dir=c-
tor of the Delaware Water Pollution Commission stated be-
fore a U.S. congressional committee that of the 51 incor-
porated towns in the State, 34 have primary treatment
provisions, 7 are under construction, and 5 are in the plan-
ning stage. Other communities employ streams, cesspools,
septic tanks, and privies to dispose of their sewage.

Industrial Waste Disposal

Satisfactory answers to industrial-waste problems usually
involve chemical-engineering principles rather than sanitary
and biological processes because most industrial wastes do
not contain disease-producing bacteria. Occasionally in
controlling waste disposal, a useful byproduct, hitherto es-
caping, is recovered. More often, however, the contro' of
pollution is necessarily a part of the cost of production which
an industry must bear as a good member of the community.

The Delaware Water Pollution Commission (1964) re-
ported that of 540 industries within the State 137 (25 per-
cent) are considered to be wet operations, which discherge
a liquid process waste. Of these wet operations, abouf, 23
discharge their wastes into municipal sewage systems, where
the wastes are treated. Treatment within the plant is pro-
vided by 114 of the industries.

Water used for cooling is not normally polluted, but unless
the temperature is lowered to normal before it is returned
to the stream, the heated water may be disastrous to aquatic
life. Wastes from the processing of 2,400 cans (20-ounce
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size) of beets, corn, peas, squash, spinach, sucrotash, and
tomatoes would produce a degree of pollution comparable to
that of the daily sewage of 800 persons. Canneries and food
processing plants remove solid wastes by passing the efllu-
ents through screens.

In the manufacturing of steel, the steel is given a bath in
water to which acid has been added. After the strength of
the acid is reduced to a certain point by use, the pickling
liquor is disposed of as waste.

Pollutants entering streams from paper and pulp mills
include strong acids, caustic solutions, chlorine used in
bleaching, inks from the de-inking of used paper, wastes
containing filler, and starch. Treatment incluces (1) dis-
charge of the highly colored waste into lagoons to allow
sedimentation, oxidation, and fermentation or (2) chemical
treatment.

Textile industries must remove solids, greases and oils,
and dyes and other chemicals. Refineries separate the oil
wastes by flotation and the sludges by sedimentation, neu-
tralization, chemical coagulation, and filtration. Other
treatments include the removal of colors and odors and of
settled, suspended, and dissolved solids, poisons. and other
harmful substances such as eyanides, tars, acids, oil, sugars,
soaps, detergents, alkalis.

Agricultural Pollution Control

The silt and landwash derived from bare ground or freshly
plowed fields is a kind of agricultural pollution to our
streams. Corrective measures include better land manage-
ment, reduction of soil erosion, and riverbed and bank stabi-
lization. Similarly, shore erosion, concurrent turbidity, and
deposition along Delaware Bay and the Atlantic Ocean rep-
resent a kind of land pollution, which can be controlled by
bank and beach stabilization.

Nitrate may reach abnormally high concentrations in per-
colating ground water in areas under cultivation where
nitrate fertilizers have been added to the soil. A nitrate
concentration in excess of 50 ppm in water consumed by
infants has been directly associated with methoglobinemia,
a condition in which the skin becomes blue.

58









THE State of Delaware, bounded on the northeast and east
by waters ranging from fresh in the upstream part of the
Delaware River to salty ocean water off the Atlantic Co~st,
has an aquatic environment suitable for both fresh water
and marine activities, especially commercial navigation and
fishing. However, the shore, the sea, and the bay provide
residents, vacationers, tourists, and sportsmen with many
recreational activities, such as bathing, boating, and fishing.
In Sussex County, the State of Delaware has approxi-
mately 25 miles of beach front on the Atlantic Ocean which
extends from Cape Henlopen to Fenwick Island. Approxi-
mately 8 miles of this beach front is public beach. Re-
hoboth and Bethany beaches on the Atlantic Ocean are the
two main shore resorts in this area. The Indian River Inlet
public camp ground is another recreational attraction.

The Atlantic Ocean

The Atlantic Ocean may be divided into open ocean, Gulf
Stream, Continental Slope, and coastal waters. The Gulf
Stream is a highly saline current of blue-appearing water
whose upper stratum is relatively warm. On its western or
inner side, the Gulf Stream is separated from the coastal
waters by a zone in which the temperature falls abruptly
and to which the term “cold wall” has been applied. East
of the Continental Shelf the Gulf Stream flows generally
northward. Inshore from here, the Continental Slope and
eoastal waters generally flow southward along the Atlentic
Coast.

Offshore from Delaware, waters range from 90 percent
open ocean near the coastline to 100 percent near the edge
of the Continental Shelf. Maximum salinity in the coastal
areas occurs in the fall and winter. Minimum temperatures
of the coastal waters occur in winter and increase steadily
to a maximum in the late summer,

61



Delaware River and Bay

The waters of the Delaware River and Bay range from
fresh water at the Delaware-Pennsylvania State line at
Marcus Hook to 90 percent or more sea water at Cape
Henlopen and Cape May. Seasonally, the concentration of
sea water in the river above Delaware Bay ranges generally
from 0 to 40 percent, whereas in the bay it ranges from 2 to
90 percent. The tributaries of the river and bay area below
the head of tide and the adjacent marshes are also subject
to these seasonal variations in salinity.

The waters of Delaware Bay are usually of high salinity
throughout the year, ranging from nearly pure sea water at
Cape Henlopen to diluted sea water at Liston Point at the
head of the bay. Although fresh water may extend into
Delaware Bay from the Delaware River and from rivers
tributary to the bay at times of very high fresh-water flows
after heavy rains, the duration of the fresh-water conditions
in the bay is short, usually a day or two, because of the
mixing effect due to tidal action. The waters ir Delaware
Bay are generally less subject to sudden changes in salinity
than are those in the upstream reaches of the Delaware River
and tributary streams.

For convenience of discussion, the Delaware River and
Bay area may be divided into a fresh-water zone containing
less than 0.3 percent sea water, an intermediate zone con-
taining 0.3 to 67 percent sea water, and a saline zone contain-
ing 67 to 90 percent or more sea water. During the winter
and spring, the fresh-water zone extends to a point south of
the Delaware Memorial Bridge below Wilmington and New
Castle. When the Delaware River and its tributeries are at
the flood stage, the fresh-water zone extends below Reedy
Island Jetty. However, during periods of low river flow,
salty water from Delaware Bay advances upstream. Gen-
erally, the most prolonged upstream advance of the inter-
mediate zone occurs in the summer and fall, during which
time the front of the intermediate zone is generslly in the
reach of the river above Marcus Hook.
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Until 1957 only a few domestic wells were developed in
the Piney Point Formation in Delaware, all of them in north-
eastern Kent County. In April of that year, a deep test well
at the Dover Air Force Base showed that the Piney Point
Formation was about 250 feet thick and that the top was 334
feet below the land surface. The formation is a well-sorted
medium-grained quartz sand that contains disseminated
grains of greensand (glauconite). The water is under arte-
sian pressure, rising at the well from a depth of 316 feet to a
static level 18 feet below the land surface and 6 feet above
sea level. The 6-inch well was test pumped for 12 hours at
211 gpm with a drawdown of 25.5 feet, indicatirg a specific
capacity of 8.3 gpm per foot of drawdown.

About 315 feet of drawdown is available before the top
of the producing sand is reached; high-capacity wells could
therefore be developed in this formation, if the aquifer char-
acteristics remain favorable for sufficient distanc=s from the
airbase. One limiting geologic factor is the lack of a recog-
nizable intake area for the sand. Perhaps sufficient recharge
water could move across formation boundaries, from the
lower Eocene sands or from basal Miocene bec's, but this
possibility has not yet been demonstrated.

The water is moderately high in dissolved solids (331
ppm), slightly hard (82 ppm as CaCO:s:), low in iron (0.24
ppmn), rather high in bicarbonate (342 ppm), is mildly alka,-
line (pH=8.1). It is suitable for most purposes.

It is expected that the Piney Point Formatior will even-
tually be extensively used in central Delaware, expecially in
southern Kent County.

Cheswold Aquifer:

Reservoir 8

The chief water-bearing sand supplying the capital city of
Dover and environs is called the Cheswold aquifer, after
the town of Cheswold, about 5 miles north of I over, even
though Cheswold has obtained only modest supplies of water
from the aquifer. Cheswold, however, is centrally located
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Aquia Greensand and Vincentown Formation:
Reservoir 6

The Tertiary System in Delaware is represented by four
series: the Paleocene Series (not exposed except as founc in
wells), which consists chiefly of clays and very fine sands;
the Eocene Series, which contains at least two aquifers; the
Miocene Series, which contains at least four aquifers; and the
Pliocene Series, which functions as a hydraulic unit with the
overlying Pleistocene Series of the Quaternary System.

The basal aquifer of the Tertiary System consists of two
parts: a lower limey sand, equivalent to the Vincentown
Formation (Paleocene) of New Jersey, and an upper green
quartz sand, equivalent to the Aquia Greensand (ecrly
Eocene) of Maryland and Delaware. The upper sand crops
out around Noxentown pond in southern New Castle County
and underlies the Pleistocene Series in a narrow intake b-lt.
It is gray and green and is sometimes called salt-and-pepper
sand. The green grains are a soft micaceous mineral, called
glauconite, that forms chiefly under marine conditions of
sedimentation.

These sands compose an important aquifer in southern
New Castle County and northern Kent County. Most of
the wells tested at 30 gpm, and, so, are adequate for domertic
use. One well at the town of Clayton is reported to yield
370 gpm. The water is hard, 154 ppm as calcium carbonate,
but otherwise usable for many purposes.

Piney Point Formation:
Reservoir 7

A sand of late Eocene age, containing microfossils similar
to those of a type locality at Jackson, Miss., has been found
only in the subsurface in Delaware; it promises to be an
aquifer of importance. Itis called the Piney Point Formation
after the type locality in southern Maryland, an area where
wells of large capacity have been developed.
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over the part of the aquifer now in use. The intake area
for the Cheswold aquifer is a belt that lies north of the
Smyrna River and that trends southwestward beneatl a
mantle of coversand of Pleistocene age. From Smyrna,
where the sand is found at depths close to sea level, it dips
southeastward to Dover, where it is about 125 feet below
sea level, and beyond to Dover Air Force Base, where it is
175 feet below sea Jevel.

Test yields of 12 wells in the Cheswold aquifer, each 6 to
14 inches in diameter, ranged from 70 to 781 gpm and aver-
aged 374 gpm. The average specific capacity was 10.5 gpm
per foot of drawdown. The water is suitable for most pur-
poses but is moderately hard (about 110 ppm as CaC"s)
and contains moderate concentrations of dissolved solids
(about 205 ppm).

Stratigraphically, the Cheswold aquifer is in the lower part
of the Miocene Series, as it is underlain by a diatomaceous
clay and overlain by gray and blue silts and clays. The
Cheswold aquifer consists of gray medium to coarse s°nd
containing shell material; the sand ranges from 20 to 60 feet
in thickness.

The Cheswold aquifer is used principally in the northern
half of Kent County. At Dover, the cone of depression
amounts to a decline of about 80 feet over the last 40 years,
a change from flowing wells to fairly deep operating levels.
About 80 feet or more drawdown is available in most places
before the top of the producing sand is reached; there is
therefore little cause for alarm. However, the decline in
water levels in the Cheswold aquifer at Dover Air Force Base
did prompt the officials to prospect for deeper supplies; this
exploration resulted in the discovery of the Piney Point
Formation. Although the Piney Point Formation lies 90
feet deeper and wells tapping it would consequently be more
expensive and although the water is slightly higher in dis-
solved-solids content, the formation has a higher head than
the Cheswold aquifer and may prove to be a worthy supple-
mental supply. However, the Cheswold aquifer is antici-
pated to continue to be the principal source in this aree. for
many years to come.
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Frederica Aquifer:
Reservoir 9

In the southern half of Kent County there is another
water-bearing bed in the Miocene Series that is stratigraphi-
cally higher and, so, younger than the Cheswold aquifer.
This aquifer has in the past been the principal source of
water for Milford. Because Frederica is centrally located
in the area of principal use and because this town derives its
water from the aquifer at a depth of about 145 feet, the
water-bearing sand was named the Frederica aquifer.

The intake area, where the sand is at the surface or close
to the surface but beneath coversand of Pleistocene age, is a
narrow belt that trends northeastward and passes beneath
Dover. From the intake area at altitudes close to sea level,
the sand dips progressively deeper, beneath a confining bed
of silt and clay, to 70 feet below sea level at Felton, 125 feet
below sea level at Frederica, 140 feet below s~a level at
Harrington, and 200 feet below sea level at Milford. The
aquifer is gray medium to coarse sand, having an average
thickness of 20 feet in southern Kent County.

The maximum reported yield is 550 gpm from an indus-
trial well in Wyoming. The average yield of 12 industrial
and municipal wells is about 260 gpm, and the specific
capacity is about 6 gpm per foot of drawdown. Water ob-
tained from the Frederica aquifer is commonly reported to be
hard and at places high in iron.

Manokin Aquifer:

Reservoir 10

The Cohansey Sand of Miocene(?) age is an extensive
and fairly thick sand covering the southern Coastal Plain
of New Jersey. The Yorktown Formation of Miocene age
is an extensive shell sand of southern Virginia and the Vir-
ginia Eastern Shore. Both of these are the uppermost units
of the Miocene Series in their respective areas On the
Eastern Shore of Maryland these sands were recoxnized and
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Comparison of the Ground-Water Reservoirs

The rate of water produced from the 12 ground-w~ter
reservoirs in 1957 was 50.3 million gallons a day and i~ il-
lustrated in the adjacent bar graph. In 1964 this figure is
estimated to be at least 15 percent higher.

The Pleistocene Series (in conjunction with the Plio-
cene(?) Series in a few places) is by far the most impor‘ant
aquifer in Delaware, providing 53 percent of all ground wa-
ter produced in 1957. The advantages of the Pleistocene
Series are:

1. Wells are generally less than 100 feet deep and are rela-
tively easy to drill.

2. Recharge is from infiltrating rainfall or from influent
seepage. Other recharge sources (ponds and streams)
are usually nearby.

3. The predominant sands are medium to coarse, contain-
ing layers of grit and gravel. Fine sand, silt, and clay
commonly compose less than 40 percent of the
formation.

4. The coefficients of transmissibility and storage of the for-
mation are moderate to high. The coefficient of tr-ns-
missibility ranges from 10,000 to 140,000 gpd per ft and
the coefficient of storage from 0.01 to 0.30, depending
upon the location.

The Pleistocene Series also has some disadvantages wlich,
in places, become of overriding importance:

1. Along the shore the sands are frequently intruded by salt
water.

2. Competing outlets of natural discharge—seeps, springs,
and evapotranspiration “bays” and “basins”—are close
by at many well sites. The well, however, has the ad-
vantage, as it is deeper.

3. In many places the Pleistocene Series is too thin for ade-
quate wells. Except in most of Sussex County, where
the Pleistocene Series is widespread, it is confined to
filled channels.

4. The occurrence of iron is troublesome in some waters de-
rived from the Pleistocene Series.
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5. Available drawdown is not large, commonly only a few
tens of feet. As the drawdown increases, the saturated
thickness decreases, the coefficient of transmissibility
decreases, and the quantity of water produced is
throttled.

Nevertheless, in Delaware the Pleistocene Series is expected
to remain the most important aquifer, in number of wells
tapping it, in highest rates of yield, and in total quantity
of water produced.

The Miocene Series is the second most productive aquifer
group in Delaware, providing water to many wells in the
central part of the State and to some wells in the southern
part. The four aquifers of the Miocene Series provide 27
percent of the ground water produced in 1957: the Cheswold
aquifer provides 12 percent; the Frederica aquifer provides
6 percent; the Manokin aquifer provides 7 percent; and the
Pocomoke aquifer provides 2 percent of the ground water
produced.

The nonmarine Cretaceous sediments, divided into a lower,
middle, and upper aquifer, provided 13 percent of the ground
water produced in Delaware in 1957. Of these, the lower
aquifer provided almost 8 percent; the middle aquifer, 3
percent; and the upper aquifer, 2 percent.

The marine Cretaceous sediments (the Wenonah and
Mount Laurel Formations) and the Eocene Series (Aquia
Greensand and the Piney Point Formation) provided rela-
tively small quantities of water, chiefly to domestic wells,
and accounted for only 3 percent of the ground water pro-
duced in Delaware in 1957. The Piney Point Formation
has greater potential for development.

The water produced from the crystalline rocks was 4.6
percent of the total ground water produced in L =laware in
1957. This rather surprising total was derived from many
farm and domestic wells, each producing water at relatively
low rates. The yield from the crystalline rocks will remain
moderate to low.
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The Brandywine Valley Association (Wilmington, Del.) has
proposed construetion on Brandywine Creek of four reser-
voirs whose individual capacities would exceed 1,400 million
gallons. The construction of only two of the proposed reser-
voirs would more than double the present storage cap-city
for the entire region and greatly minimize the need for addi-
tional storage on other streams.

The potential development depends largely on the use of
the storage reservoirs to increase the safe yield of the de-
veloped stream. Hoopes Reservoir is used only as a reserve
for the city of Wilmington. If this reservoir were operated
for daily supply, the water level would be lowered 50 to 60
feet during periods of withdrawal and would be restored by
transfer from Brandywine Creek (or other source) during
periods of surplus flow.

An estimated 60 mgd of fresh water was withdrawn from
the Christina River system (including Brandywine, Red
Clay, and White Clay Creeks) in 1957. If a storage capecity
of 3 mgsm (million gallons per square mile) were established
on this system, the allowable draft at a 10-year recurence
interval would be 136 mgd, more than double current us=. If
30 mgsm were established, the allowable draft would reach
248 mgd, more than four times the current use. Cost of stor-
age facilities to provide a 3-mgsm capacity would be moder-
ate. Cost of storage to provide 30 mgsm would be relatively
high and would require the acquisition of much valuable
real estate.

Some surface-water storage facilities could also be pro-
vided on the Coastal Plain, but because of the flatness of
the land the reservoirs would have much surface area but
only shallow depth. Evaporation opportunity would there-
fore be large. Some benefit would accrue by bank storage,
recharging ground-water levels locally, but this benefit could
be offset by drainage problems. Nevertheless, in a full-scale
management program of water resources, small check dams
on the streams of the Coastal Plain may eventually provide
an important means of supply. The feasibility of such stor-
age facilities is exemplified by many mill ponds constructed
years ago, many of which are still maintained for recrea-
tional purposes.
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For example, the average discharge determined at five
gaging stations in or near Sussex County is 743,000 gpd per
sq mi. If this figure is rounded to 0.7 mgd per sq mi and is
taken as being representative of the county as a whole, whose
land area is 946 square miles, the average discharre of sur-
face-water runoff is about 670 million gallons a dey. Much
of this water is naturally useful, as it dilutes wastes and aids
in the preservation of the natural habitat for water plants
and animals. The consumptive use, mainly for irrigation,
reached an estimated 205 mgd during the summe+ of 1957.
During most of the year, however, the consumptive use of
surface water is only a few million gallons a day. Therefore,
an average of about 500 mgd of surface water discharges for
which there is no consumptive use. Perhaps an additional
200 mgd of this water could be used for irrigation, municipal,
or industrial purposes, although only 100 mgd might be
available for municipal and industrial uses during the crop
season.

Barrier Dam

A barvier dam was proposed by the senior author in Jan-
uary 1957 as a means for supplying northern Delaware with
abundant water and at the same time protecting the water-
bearing sands of Delaware and New Jersey from salt-water
encroachment along the Delaware River. (Salt-water en-
croachment has occurred as far north as Camden, N.J.)
This proposal was mentioned in an intramural renort pre-
pared for the Corps of Engineers and distributed by them to
State and other governmental officials in June 1957. A map
of the plan is shown on the adjacent figure, which was plate 6
in that report. The proposal called for a low-level barrier
dam across the Delaware River that would create a huge
fresh-water lake, “Lake Delaware.”

The illustrated damsite is at the river crossing of the
Merchantville Formation and Woodbury Clay and would im-
pound roughly 250 billion gallons. The entire intake area
of the nonmarine Cretaceous sediments would be shielded
from salt-water encroachment. The reservoir stage could
be maintained at a level between 4 and 6 feet above mean sea
level, so that the land would not be flooded to any greater
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Importing Water

Another suggested method of supplying water to D-=la-
ware is to construct a huge conduit, extending from the falls
on the Delaware River above Trenton, N.J., through which
fresh water would be diverted to northern Delaware. De-
pending, of course, on the quantity of water diverted, this
approach could to a large extent assuage Delaware’s thirst.

The flow of the Delaware River is controlled by the D-la-
ware River Master, a deputy appointed by the Supreme
Court of the United States, to regulate release of water from
storage reservoirs on the upper Delaware (above Montague,
N.J.) to maintain a basic minimum discharge at Trenton.
The discharge has generally been sufficient, to keep the Dela-
ware River fresh as far south as Philadelphia, but below
that point the river is fresh only during periods of higher
discharge.

As an advisory government agency, the Interstate Com-
mission on the Delaware (contracted name Incodel) was
organized in 1936 with five members each from Delaware,
New Jersey, New York, and Pennsylvania “for the purmose
of entering upon a program . .. to develop integr~ted
plans to conserve and protect the waters and other resources
of the Delaware River Basin.” Incodel was discontinued in
1962 when the Delaware River Basin Commission, compnsed
of Federal and the four State governments, began the work
of focusing all major water resource activities in the kasin
under its authority, uniting and coordinating a valleywvide
assault on the many problems.

In 1959, the Corps of Engineers, which completed a 3-;7ear,
$2 million survey of the water resources of the Delaware
River basin, reported to the Congress of the United States
“the best plan for the conservation, control and use of the
water resources of the Delaware River basin.” In this plan
the needs of the State of Delaware are integrated with the
needs of the basin.

There are other streams in adjacent Maryland and F=nn-
sylvania that might be used to supply the water needs of
northern Delaware. The Susquehanna River has been men-
tioned as a possible source, but the recent move by the city
of Baltimore would seem to establish a prior claim. Big
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Elk Creek and Little Elk Creek in adjacent Ce-il County,
Md., have been considered as possible sources, but interstate
negotiation is required before they can be used. In the
increasing competition for water, the industries or munici-
palities involved will probably act to import water as soon
as their needs are known.

Network of Wells

The 12 ground-water reservoirs will not be menaged effi-
ciently as sources of water until the water level in each one
is periodically lowered by amounts so substantial that the
natural discharge is cut off. Only by alternate withdrawal
and recharge can any reservoir, surface or grourd, be used
at optimum efficiency. At present, our ground-water reser-
voirs are, in general, underdeveloped as supplies of ground
water. Locally, however, they may be well developed or
even overdeveloped.

To develop a ground-water reservoir to its maximum
capacity requires a network of wells, spaced in a rational
pattern based on the size and shape of the ressrvoir, the
rates of transmissivity, the total amount of storage, and the
areas and quantities of recharge and of competitive dis-
charge. At present, our individual wells and our well fields
have been placed chiefly as needed in proximity to the points
of use.

We are in no position as yet, and will probably not be in
position for some time, to determine a rational spacing of
wells because we still have only “reconnaissance” informa-
tion on the characteristics of the aquifers. Water from a
network of wells derived from one aquifer would presumably
be pumped to one or more storage or treatment tanks before
distribution to consumers.

The annual quantity of ground water pumped could not
exceed the normal quantity of rejected recharge without tak-
ing water from storage. Although some water could be
taken from storage each year for a period of years, the water
must not be allowed to fall to the level where tl'» natural
rate of transmission would diminish lest the operation be
throttled. When this operating level is reached, t e amount
taken will have to equal the annual recharge less the natural
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discharge. This rate, or annual quantity, is called the
“perennial yield” or the “safe yield” Many observation
wells would be necessary to monitor the water level and
water quality in the network of wells in an aquifer system.

In 1957 about 18 billion gallons of ground water were
pumped in Delaware. However, the annual ground water
discharged is estimated at 681 billion gallons, so the amount
used represents only 3 percent of the total available. Even if
only half of this rejected recharge should prove to be recov-
erable by properly spaced wells, the resulting yield is larxe—
340 billion gallons. This yield is equivalent to 930 mgd, com-
pared to 50 mgd used in 1957. A network of wells would
therefore provide abundant water; however, the mainte-
nance, the distribution lines, and the temporary storage
facilities would be no small undertaking,.

Atificial Recharge

In areas where nature does not adequately replenish the
ground water withdrawn from the reservoirs, artificial re-
charge has been used with considerable success and at moder-
ate cost. This method has been particularly successful in
the arid West, where water is at a premium and the ccst is
justified. The method has also been used in the East—on
Long Island, N.Y., and at Perth Amboy and Seabrook Farms,
N.J. Newark, Del,, is investigating the feasibility of recharg-
ing the sands of their north basin with runoff from storm
sewers. The methods of artificial recharge, which requires
a dependable water source, utilize either input wells, check
dams, infiltration canals, spreading basins, or sprinkler
systems.

The use of input wells is common on Long Island, where
the return of cooling water to the water-bearing formetion
is required by law. One input well is required for each air-
conditioning source well. The water circulates in an air-
tight system and is returned to the ground unaltered except
for a slight rise in temperature. This regulation was con-
sidered (but not adopted) by the city of Dover, Del., a few
years ago because of declining water levels in the Chesvold
aquifer.
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Perhaps one of the most practical means of artificial re-
charge on the Coastal Plain of Delaware is to build a low
dam on each surface stream just below the outcrop of the
aquifer and induce more water to move downdip beneath
the confining beds. The mill ponds function in much the
same manner, for they are low check dams that locally build
up the water table. For more than 50 years, Runyon pond
at the Perth Amboy Water Works in New Jersey, about 80
miles north of Delaware, has been used as a spreading basin
to recharge the Raritan Formation. Similar spreading
basins would serve in places in northern Delaware where de-
mand is exceeding storage capacity.

Infiltration canals offer a means of inducing waters, such
as a part of flood runoff, to serve as recharge rether than
flow to waste. These canals could be located over permeable
aquifer systems, such as the buried channels of Fleistocene
age in northern Delaware.

Sprinkler systems have been used for effective recharge
at Seabrook Farms, N.J., of Coastal Plain aquifers similar
to those in Delaware. The water supplied is waste water
from a vegetable-processing plant.

Treated sewage water has been used for artificial recharge
outside Delaware, but difficulties with pollution by deter-
gents have been experienced in places. The detergents pass
through the sewage treatment and then cause foaming in
therecharge area.

Conservation of Water

Considerable waste of water often occurs in certain indus-
trial plants where moderate water-saving practices are not
used. The extent to which water-saving practices can be
carried on will depend on the costs involved and the avail-
ability of water. For example, an integrated steel plant
ordinarily uses 30,000 to 65,000 gallons of water to produce
1 ton of finished steel, but at the new Fontana plant in water-
short California this amount was reduced to about 1,400 gal-
lons per ton.  Also, the petroleum-refining process ordinarily
uses 18 to 34 gallons of water to produce 1 gallon of refined
oil; in water-short areas, however, less than half a gallon of
water may be used. Similar conservation practices can be
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effected, when necessary, in many other industries. The
resultant saving would be of tremendous importance, as in-
dustrial use of water in this area is becoming a large part of
the total water used.

Undoubtedly, considerable waste occurs in communities
where unmetered water is used. Metering water sometimes
reduces consumption by as much as 25 percent and, when
readings are unduly large, leads to the search for and repair
of leaks. Although metering introduces many additional
costs, such as meter reading, repairing, and billing, it is usu-
ally more economical and certainly reduces waste.

The greatest waste of water in Delaware is due to trans-
piration by plant life of low economic value and to evapcra-
tion from marshes, bogs, and seepage faces. The peculiar
“bay and basin” landforms described and low-lying coastal
areas are conducive to large evapotranspiration loss. These
high losses could be put to more economical and beneficial
use in some parts of these areas by land-leveling operations
and subsequent reforestation with trees of commercial velue
or by placing the land in cultivation; these suggestions are
but two of many possibilities. A new idea is to salvage
water, now evaporated and transpired, in humid areas like
Delaware, and it holds real promise for the distant future.

Desalting Water

In recent years, public and private enterprises are attempt-
ing a major breakthrough in development of processex to
desalt mineralized water. The Office of Saline Water was
established in the Department of the Interior in 1952 and
authorized by the Congress of the United States to expand
research and to provide for the selection of sites and proc-
esses for five demonstration plants.

Fresh water generally costs 5¢ to 50¢ per 1,000 gallons to
produce from normal fresh-water sources. In areas where
only mineralized water is available, the cost of desalting
must compare favorably to the cost of hauling fresh water
in by truck, railway tankecar, barge, or pipeline in order to
be competitive. Four methods are feasible in the laboratory:
distillation, ion exchange, electrodialysis, and freezing. The
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problem is to make these processes practical and economi-
cally feasible on a large scale.

Distillation has been used to purify mineralized or pol-
luted water since the 17th century, when a pure water is
required or when no other source is available. Distillation
has been costly chiefly because of the cost of heat required
to vaporize the water, the cost of removing remnant brine,
and the cost of power required to circulate weter for the
cooling coils. Newer methods offer promise of producing
water by distillation at lower cost in water-short areas. The
Congress of the United States has authorized two sea-water
distillation plants for pilot demonstration, each having ca-
pacities of 1 million gallons a day. The first, a long-tube
verticle multiple-effect distillation plant, is in operation at
Freeport, Tex., on the gulf coast. The second, a multistage
flash distillation plant, is operating at San Diego, Calif., on
the west coast.

A third distillation plant, using a vapor compression proc-
ess, went into operation July 1, 1963, at Roswell, M. Mex. It
is designed to produee 1,000,000 gpd from ground water con-
taining 24,470 ppm dissolved solids, about 70 percent the
content of sea water.

The use of a low-cost solar-powered still has been a dream
only now nearing realization. There is promise of producing
pure water at 50 to 75 cents per 1,000 gallons by using
nuclear-reactor steam to distill mineralized water.

Ton-exchange resins have successfully desalted water in
the laboratory, but the problem of backwashing the resins
seems insurmountable in practical operation. Tt principle
is one in which ions are exchanged through several steps until
the cations are eventually exchanged for oxonium ion (hy-
drated hydrogen ion OH?) and the anions are exchanged for
hydroxyl ion (OH-). The oxonium and hydroxyl ions com-
bine to yield water. When the filter resins are exhausted,
they can be restored by backwashing, but the quantities of
wash water required are nearly equal to those produced.
Acids and bases that could be used for backwashing are rela-
tively expensive.

Electrodialysis, a process of filtering water by using semi-
permeable membranes through which ions of salts diffuse, is
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