








PROGRESS OF THE INVESTIGATION OF THE
FROUND-"YATER RESOURCES OF THE LO"ER DELA™ARE RIVER RASIN
Ry

FEenry C. Rarksdale and Jack 2. Graham

DESCRIPTION OF PROJECT

Ground water is a resource vital to the industrial development and
high standard of living of the people of this Nation. Its use has more
than doubled in the last 15 years and the demand continues to increase.

The availability of ground water may hecoms one of the most critical factors
in the continuing development of many areas, especially in centers of rapid
industrial expansion such as the lower Delaware River valley.

The Interstate Commission on the Delavmre River Basin, "Incodel" for
short, was among *he first to sense ths impending development of the lower
pert of the basin and to recognize the importance of ground water to the
progress of the area. The valley of the Dealaware River from Trenton to
Wilmington and below seemed ripe for industrial growth, for land was
available, markets and transportation were nearby, and the resources needed
to support industriss--such as labor, electric power, and water--all
evpeared promising. In 1948 the Commission sponsored a coordinated joint
investigation of ths ground-water resources of the lower part of the basin
by the States of New Jersey and Pennsylvenia. Each of the two Statss
zllotted funds to the work and the State offerings were matched by the
United States Gsologic~l Survey. The interest in the Incodel ground-water
progrem "ms thus a four-sided one. +ork on the coordinated program was
begun in July 1949. Recent developments in steel, oil, and related indus-

tries, with their vast recguirements for fresh water and their attendant



problems of new housing and expansion of public ssrvices, have justif‘ed
the intersst of the parties in the investiration and have indicated that
it ceme none tooc soon.

Fortunately, the area was not without a hydrologic background on which
to base water-using projects. For many vears the United States Geological
Survey, in coopsration with the States of New Jersey and Pennsvlvania, has
been making general studies in the lower Delaware River ares as a mart of
broader ground-water investigations throughout the two g£iates. By 1948,
however, it became apparent to the agencies investigating water resources,
and to Incodsl, that additional emphasis must be given to a study of the
lower Delaware area to provide a satisfactory basis for ths effective
development of the water resources in the area in the next few years.

Consequently, by arrangement between the New Jersey Dzapartment of
Conssrvation and Economic Develcpment, the Pennsvlvania Department of
Internzl Affairs, and the U. S. Geoclogical Survey, a program was set up to
provide for the preparation and publication of a report on the ground-water
rgsources of the area believed to have the greatest industrial potential.
This area included Bucks, Montgomery, Fhiladelphia. Delaware, and Chester
Counties in Pennsylvania, and Mercer, Burlington, Camden, Gloucester, and
Salem Counties in New Jersev. Ths plan furthsr called for the publication
of detailed reports on the ground-water conditions in the individual counties
to follow the first report for the area as & whole. It has since been
found desirable to include New Castle County, Del., as a part of the area.
This was made possible by a cooperative agrcement between the Delaware
Geologic2l Survey and the U. S. Geological Survey.

As a modification of the usual approach to the study of ground-water

resources in an area, it was believed necessary in this case to make an



especially detailed study of th~ chemical quality of the water in the
Delawars River between Trenton, N. Je., and Marcus Hook, Pa., because of

the interrelati onship between +hs »mter in +he Delavare River and thet in

the ground-water reservoirs alongz that section of the stream. To satisfy
this need, in August 1949 the Ouality of ‘iater Branch of the U. S. Geological
Survey and the Citv of Philadelphia began a cooperative survey of the quality
of the river water, having as its objective the analysis of the flow=-quality
relationship and the determination of the long-term chemical chrracteristics

of the Dalaware River throughout that part of the »asin.

GROUND-"7ATER HYDRNLOGY OF AREA
Gsology

The area of study is divided almost in half by the sc-caslled Fall
Line, 2 line--or, rather, a zone of varying width-- of geologic contact
between the unconsclidated clay, sand, and gravel of the Atlantic Coastal
Plain and the herd, massive rocks (gneiss, quartzite, granite, sandstone,
limestans, stc.) of the Appalachian Piedmonte This linec of contact extends
in a southwesterly direction through Trenton, M. J., and continues almost
as a straight line to Wilmington, Del. It follows ths Delarare Riwver for
much of the distance between Trenton snd ilmington, leaving only small
aress of the Atlantic Coastal Plain on *hec Pennsylvania side of the river.
From the standpoint of ground-water rssources the position of this line is
of the utmost impertance, for it marks not onlyv a major change in the
tvpe ‘of recks but, with few exceptions, it separates hichlv productive
vater-bearing formations from those that are gensrally not suitable for
development »f large ground-water sunplies.

Although it can be said thet ground water is generally abundant in



the Coastal Plain and oﬁly relatively small supplies are awvailable in the
Piedmont area northwest of the Fall Line, many variations in yield can be
found throughout the area becnruss numerous different geologic formations
cccur in cach of these brosd regions (fig. 1). The quantitv and chemical
character of ground wmter avenilobls at a selected locality are closely
related to the tvpe of rock that contains the water. Thsrefore, an impor-
tant phase of ground-vater studv has been the irvestigation and evaluation

of each geoclogic formation to determine its water-bearing characteristics,
and its extent and location where exposed at the surface or where buried
beneath other rocks n+ depths within economic reach of drilling. For-
tunately, much basic geologic work in the area hod besen done prior to the
beginning of the ground-v=ter studies, so thet it vms possible to concentrate
largely uvon the refinements in the geology that ars essential to the ground-
water hvdrologyv.

Within the lower Delaware area there are mere than a dozen important
water~bearing formations, or aocuifers, which supply large gquantities of
ground water to municipalities or industries. Each formation has a char-
acteristic ability to store and transmit ground vater, and each imparts a
characteristic chemical qualitv teo the water. There are a considsrable

‘number of formetions that normally yield little or no ground water. The
potential ground-water yield At anv given site is therefors intimately
related to the geology.

Ground-“ater Rssourcas

In appraising the ground-water resources of an arsa or of individual
formetions, two considerations are of paramount importancs--(1) the
determination of the auantity of water that may be expected from individual

walls and (?) the dependability of the vield of the aguifer in terms of






long-continued usce The first depends upon the local water-bearing proper=
ties of the nauifer, whereas the second may involve the geologic and other
conditions covering broad areas and long periods of time. Particularly under
artesian conditions, the area of intake that must suppnort continued with-
drawal from an ~quifer may be some distance swav and he affected by con-
ditions not apparunt at the point of withdrawal.

The regular withdrawel from an aquifer of more water than its perennial
safe yicld may ruin the water supplies of many or all those who use water
from ite It is important, therefore, that further developments of an
acuifer or any purt of it proceed rith caution when danger signels such es
changes in the chemical cheracter of the "mter or serious declines of water
levels are observeds. The only safe coursc in such oases is to analyze
carcfully 211 th: factors thit may affect the safz yield of the aquifer
before proceecding with large ond continuing additional withdrawnls of
vnter.

In the ll-county arez covered by this report it is probable that
nearly 211 the avnileble ground water comes from precipitation within the
arca or from recharge from surface-water bodies within the area, such as
the Delavare River. There is no hasis for +the supposition that anv of the
ground “nter in the lower part of the basin comes through underground
channels from th: Pocono Mountains or from any other remote scurce. For-
tunately, rainfall is relatively cbundant in the area and opportunities for
infiltration of part of this roinfall into the ground are good, especiallv
in the Constal Plain.

Tre coarse sediments of the walley alluvium and the sand end gravel
members of the Reritun formation, che lowermost Zoastal Flain formation

in this are2, ar. in hydraulic comnection wi+th the bed of the Delaware



River in many plrcos between Trenton and Wilmingtone This condition
provides an exccllent oprortunity for large-scale infiltration of surface
vaters Because of the high potential for recharge wherever the water-
bearing sediments are in hydraulic connection with the river, the cppor-
tunity for large-scale groung-water development along the Delavare River
is probably the host that can be found within the ares. The water undergoes
the natural filtering action of the sends and gravels betwscn the river
ond the walls. l'here the chemicel character of the river water is satis-
factory ond wher: favorable geologic and hydrologic conditions prevail,
large quanfities of satisfactory water can be and are being obtained from
wclls near the river.

However, th: nquifers along +he river are also being drawn upon more
heavily then any others in the area because they are found where conditions
are most favorahls to industriel developments. Their continued use and
further developmunt will depend to 2 largse degree upon the maintenance of a
satisfactory chomieal quality of water in the rivere Dissolved mincral
slts are gencrolly not removed by the filtering action of the sends. In
some places the draft upon thaese nquifers aeppears to be approximately as
lerge as con saf:ly be maintainzd without excessive lowering of rater
levels or deterioration of the quality of the wa*er. In other places they
are cavable of yiclding substantial additional auanfities of water.

The next most favorable areas for large-scale withdrawals are those
underlain by sond and gravel formations of the Coastsl Flain in New Jersey
and Delaware, wh:re infiltration from precipitation occurs at s maximum
rate and over wids areas. Only a relatively small portion of the Coastal
Plain extends into the Pennsylvania part of the aren. Existing or planned

installations Ly Bristol, Morrisville, Levittovm, and the Ues Se Stesl Coe.
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point toward maximum ground-water use in southeastern Bucks County. The
existing large pumpage of ground water in south Philadelphia leaves south-
vest Philadelphi~ and perhaps the southeasternmost part of Delaware County
as about the only Coastal Plain areas in Pennsylvania available for pntential
large-scale developments. Except in Gamden =nd several other communities
loceted on or no r the Dslaware River, the pumpage of ground water in the
large Coastal Plain region in New .Tersev and Delawarse is small in compari-
son to the quantitics of ground water potentially availables In most
places these pot:ntial supplies are on the order of half a million to a
million or mors i~.llons 2 dev from a single well, and they aggregate many
millions of gallons dnaily.

In the Piedmont area of rennsvlvania, of M:rcer County, Ne J., and of
Vew Castle County, Del., available ground-water supplies are much smaller.
Yields of most wulls do not cxceed 100 g=llons e minute and in many they
are considerably less than that quantity. However, ther: are a few water-
bearing formations from which yields of morse than 100 gallons a minute are
obtained, including ths sandstones and shales of the Stockton fermation of
south-central “urks and Montgomory Counties, Pa., and Mercer Coumty, Ne J.,
and the Cambriar ~nd Ordcvician limestonss of central Chester County and
southern Montgomery Countv, Pa. These formations are at present used by a
number of municipalities and industries, and further large-soale development

is possible only =t sites not immedistely adjocent to existing installations.

Ground-"ater Use

Among the advantages of ground water sre its availabilitv in many
localities, its low turbidity, and its relatively constant temperature and

chemical cheracteristioss These factors heve plaved an importent part in
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the choice of n ground-water source by many industries and numerous small
communities thro'thout the area. The supply of Camden, N. Js, is the largest
municipnl sucply ~ithin the area thot is obtained exclusively from the

ground and naveracas more than 20 million gallons a daye.

It is not surprising to find that the location of present large users
of ground wator is fairly well defined by the regional division between the
Constal Plain to the southcast and the less productive hard rocks to the
nortiwest. In Vew Jersev nearly all municipalities and most of the indus-
trial plants (exc:vt the largest usars located along the Delaware River)
use ground water; whoreas in Pennsylvenia most of the municipaelities have
surface-vater sourc=s and in general only the smaller industries have been
able to obtein a cround-weter supply sufficient for their needs.e In the
southern part of FPhiladelphia and in lover Bucks Counw, where there are
Coastal Plain formntions on the Pennsylvania side of the Delawere River,
much graster use of ground water has been made then would have besn possible
from the undsrlying hard rock at these loc~tions.

In 1950, it wes estimatad thet the average daily withdrawal of ground
witer in the Phil- delphia-Camdsn area (then considsred as 10 countics
only) was on the ordur of 125 million gallons. For the somewhat larger
area now being studied (with thz eddition of Yew Castle County, Del.), and
m-king allowance for the increase in use since 1959, it is probable that
the present withdrawnl oxceeds 175 million gallons a day (fig. 2). The
largest part of this wnter is pumped in three centcrs of withdrawal: the
Camden metropolitan area, the Philadzlphia metropolitan aren, and southsrn
Bucks ‘ountye. Those areas use approximately 70, 26, «nd 15 million gallons
e day, respectiveive Table 1 gives the prosent estimatzs of ground-water

use by countiss for the entire ll-county arca.
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It is diffi~ult to assign a monetary vwanlue to such a resource as water
because it is so essential for so meny purposess Where necessitv might
dictate, other sources than those now used might be found and their cost
would bc cne measure of the value of the present supplve Conserwvation
measures such as more intensive re-use of water andéd mechanical rofrigera=-
tion can be employod, ~t a cost, to make the existing supplv go farther--
another indirect measure of its value. In an emergency, such uses as air
conditioning for comfort and lavn sprinkling could be curtailed without a
direct loss of production or profite In any event, thers is no doubt that
the pra2sent use of ground water is of wvital importance to the area. The
advantage of ground vweter for cooling alone is such that conversion to the
vmrmer surface-water supplies of the summer months would greatly increase
costs for equipm:nt and pumping operations. Furtha~mors, the surfacs-vater
supplies of the area, almost without exception, require filtration for
uses other than some types of industrial ccoling. so that many new filtre-
tion plants would be rcauired if adequate ground water were not aweilable.

Among the mrny users of large ouantitics of ground vmter in the ares,
2xclusive of municipnlitics, ere the Philadelphia Naval Base, Publicker
Industriss, the Texas Co., Rohm & Haas Chemical Coe, Ee I+ du Pont de Nemours

Cos, the Socony "~cuum 0il Co., end the Public Serwvice Elgctric Co.

RETULTS OF STUDY
Although dotniled studies have been made in this area only within the
past few years, ¢ considerably longer background of basic data is available
for the evaluation of the ground-water resources of the region, as a result
of the cooperstive State-wide programs. ™ork wns begun in the area by the

Te S. Geological Survay in New Jersey in 1923, and in Pennsylvania in 1925.
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The scope of this work was necessarily limited by the need for work in
other parts of the two States, and it was not until the inception of the
Incodel program that it was possible to apply anything approaching adequate
effort to the area« In general, the over-all water-bearing properties of
the several aquifers are now known, and some knowledge is awvailable as to
their recharge characteristies and present stage of development, and also
of the chemical quality of the waters they yield. Areas favorable for
greater development, as well as localities where serious ground-water
problems now exist or soon may appear, have been tentatively identified
and scheduled for further study.

A number of brief reports have anpeared in technical journals relating
to ground-weter conditions in the area. Two U. S. Geological Survey reports
have been issued: Circular 104, Water resources of southeastern Bucks
County, Pae, and Circular 190, Index of water-resources records in the
Deglavare River basin to September 30, 1951. A detailed report on the
ground-water resources of the Philadelphi~ Naval Base was prepared at the
request of the Navy Department. A report on the ground-water supplies of
the Camden area, N. J., was published in 1932 as Bulletin 39 of the N. J.
State Department of Conservation and Development. A preliminary report
for the ll-county area is now approaching completion and, it is hoped, will
be avaiiable by the end of this fiscal ysar. Following this over-all
appraisal report, detailed countyv ground-water reports will be issued for
each of the counties as State reports by the cooperating agencies in

Pennsylvenia, New Jerscy, and Delawarc.

PROBLEMS

Among the objectives of the ground-water program for the 1ll-county
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arzsa are the delineation and evaluation o additional sources of ground
water within the area and the identification of conditions that now exist
or may develop that would seriously interfere with the continued usc of the
resource. Each of these objectives hes many ramifications and, once
determined for a given set of conditions, cannot be considsred final, for
the factors that affsct them are continually changing.

Although, as has already been stated, the area is in a generally
favorable position with respect to ground-water supplies at the present
rate of use, thers are soms sarious problems thot must be recognized in
the proper planning of expanded ground-water feocilities for new develop-
ments. Among the most important of these are those that relate to the
geology of the narea, thoss that relate to the chemical quality of its
ground waters, and those that relate to the regional or local decline of

hoad or storage in important aquifers.

Problems Reclating to Geology

The water user who has little knowledge of geologic problems is prone
to apply his knowledge of conditions in one area to a new area without
making adequate allowance for differences in geologic conditions. In an
area as wide and as varied as the lower Delawsre River basin, it must be
recognized that the hydrology wvaries widely with the geology from place to
place. The hard rocks that occur in the Piedmont area throughout most of
Bucks, Yontgomery, Philadclphia, Delaware, and Chester Counties and parts
of Mercer and New Castle Counties differ greatly in their veter-bearing
cherncteristics from the Coastal Plain sediments of the remainder of the
area. Furthermore, the ground water in the hard rocks occurs for the most

part in cracks formed by earth movements, and these openings are much morec
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prominent in some places than in othsers. Conscqucntly, wells only a few
feet apart may differ greatly in yield, and prior to drilling there can be
no assurance of the quantity of the supply the well will yield when finished.
It is true that when the records of a great numbher of wells are available
for studv a certain nverage expectancy can be derived, but the yield of
individual wells cannot be predictcd with confidence. Again, the depth of
wells in the hard rock may show little relation to yield, soms shallow wells
having much greater production than nearbv wells drilled to depths of a
thousand feet or morc. In general the yield of hard-rock wells is not
proportionnl to depth becausc the number and size of openingzs tend to
decrease at greater dspths. Thus, not only is the supply of ground vater
in the hard rocks of the region genernlly less than that in the Coastal
Plain sediments, but the yield of individual wells is a gresat deal more
erratice

In sherp contrast are the relatively uniform and prolific sand and
gravel laysrs to be found in the Coastnl Plain sedimsnts. Some Constal
Plain aquifers extend more or less uniformly over large areas, but they
dip gently toward the southenst nnd thus are encountered at different
depths in different places. Evcn in the Coastal Plain area, however,
widsspread uniform aquifers are the cxcention rather than the rula. Many
are of limited extent and varisble in character. On the Comstal Plain, as
elsawhere in the area, onc essential to = successful development is =

thorough knowledge of the gsology.

Problems Relating to Chomical Quality of Water

It is reasonable to assume that when ground water was first withdrawn

from wells in ths area it was all potable and of acceptable chemical choracter,
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except for occasional instances of high iron concentration and perhaps of
brackish vater from wells along that reach of the river where salt watcr
from the bay moved upstreem during low flow. As industries and communities
developed and as wastes were discharged into the streams, or spread on the
ground, or dispused of down wells; as city dumps swelled in size and numbcr;
and as sewers were built and not repaired when lsaky or broken, these wastcs
began to be added to the netural recharge from rainfell to such an extsnt
that in some areas the ground-water supply is now trending slowly toward
uszlessness because of contamination.

For nearly 10 y2ars the Geological Survey has been making periodic
analyses of well waters =t several sites in south Philadelphia and has
noted with concern the const-ntly increasing concentration of dissolved
chemicals in the water. The U. S. Mawal Base, which a few ye~rs ago used
waell water with no trectment other than chlorination, now has found it
necessary to install expensive treatment squipment for its entire supplye.
It is believed thet most of the water obtained from wells in south Philn-
delphin, including the Naval Base area, is recharged by water moving from
the Delaware and Schuylkill Rivers through send and gravel layers cut by
the rivers 2 or 3 miles upstream from the Naval 3ase. Howsver, this water
hns been seriously polluted by weste waters from sewers and abandoned wells,
end by recharge from precipitation which becomes contaminated as it moves
downvard through extensive dump arsas. Some of this conteminnted water
appears to have been drawn through common aquifers beneath the Delaware
River into centers of heavy pumping in Camden. Contaminotion of this
nature cannot be corrected quickly, if at 211, for the upper layers of the
ground have heen saturated with chemically inferior water for meny yecrs

ind there is no effective meens of flushing them free of their polluted
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water. It apperrs that ground-vmter users in the locality must look for-
ward to increasing treatment costs as the contamination increases. Perhaps
some level may be reached, after which the degrec of treatment required will
remain constant. There is also o possibility that the contamination may
rise to levels thnt will render the vmter unfit for some uses even after
treatment.

New industries and growing communitizs in ths lower D:laware basin
will increas2 the threat of waste-disposal contamination of btoth surfacc
and ground-water supplies, no metter vwhethar accidental or intentional.
State and interstate agzsncies such as Incode¢l have been waging o campaign
to reduce this threat by rcouiring the construction of newr or improved
vaste-trsostmont plants and discouraging ths discharze of wastes into wells.
This campeizn has had a gratifying messurs of success in recent vears.
However, it will probably be quitz 2 number of years, if ever, before the
corrective measures can como abreast of the losd of contamination which will
be produced by all the present and proposed industriel and residentinl
expansion in the area. Constent and everlasting vigilance will be r=auired
to keep our present and potontial wnter supplies in a usable condition and

as frez from contamination s possible.

Problems Reloting to Lowered “atoer Levols

When veter is withdravm from a well (or s well field) the water lavels
in the surrounding parts of the aquifer are lowercd by the creation of a
slope tovard the well sufficient to irduce mater to flow to it from &n
arza of racharge. Thus with any pumping from eny aquifer there will be
somo lowering of wnter lovels. The lowering ver unit of water withdrawr will

depend upon the characteristics of the aquifer. The greater the ratc of
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withdrawal, the greater will be the lowering. In itself, therefore, the
lowering of water levels is not a cause for concern except as it is per-
sistent year after ysar, or as it is related to other factors.

Each additional well that drews from an aquifer will lower the water
level in ~djacent vells. The vroper spacing of wells is therefore impor-
tant in order to reduce the cost of pumping as much as may be compatible
vith obtaining th: full yield of ths aquifer. As an example of the inter-
fercnce of wslls, it "as estimated thnt the regular operation of the Texas
Cos's wells at Eagle Point, N. J., at a rate of 6 million gallons dnily
would lower the water levels at the Philadelphia Nawml Base about 10 fee
if evervthing else remained constant. Subscouent obserwvations have indicated
that the estimate was of the right order of magnitude.

Progressive lowering of water levels without increased pumping or
disproportionally great lowaring for an increase in pumping mav be an indi-
cation that the capacity of the acuifer is being excecded. It is important,
thercfore, to maintain adequate and accurrte records of pumpare and water
levels and to studv their relation periodically.

Records of watar levels are aiso important where an aquifcer is exposed
to recharge from bodies of surface wvater that are of unsatisfactory chemicnl
quality, because they will indicnte whether such rechnrge is likely to
occur. Ths safe yield of an cquifer may bs sharply limited by the dangar
of the intrusion of unsuitable surfacs vmter. Such conditions probably
exist in some places along tho lower Delaware Hiver where %alt or brackish

water moves upstrecm from the Bay, espucinlly at times of low stream flow.
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CONCLUSION

Let us now review briefly the situation in the ll-county arca and see
whet conclusions may be drawn as to the future of the ground-rater supplies
in it. More than 175 million gallons of water is beinz withdrawn every
day from underground sources in the area. These supplies appear to be
dwindling in some localitics, and additional wnter for such places will
have to be dravm from ~ distance, sither from underground sources or from
surface sources, depending upon the quantity and quality recuired. For the
arca as a whole there is no evidence of a regionnl decline in storage and
there is a rcserve of unused ground wator thnt is ample to support sub-
stantial growth.

The erea's largest single rescrve of ground watsr, that in the central
part of Now Jerssy, is essentinlly untavped and is capable of yielding very
large quantities of excellent ground water. This reserve lies largely
outside the Delaware River basin but partly, at least, within the ll-county
arza. Itsuse in the industrizlized lowsr Dslawars basin will require
extensive well fields and long pipeliness This resource should be carsfully
deeloped nnd jealously protected. Its proper developmant will reaquirzs »
grent deal of additional basic information.

In meny places along the Delawsre River, conditions are favorable for
induced recharge from ths ri-er. ‘lhere this is so, the guantity of ground
water may be substantially incressed by water drawn from the river. How-
ever, the quality of the wz=ter tends to approach that of the river water,
and the permanency of 2 local supply of zood ground watsr in these places
therefore will derend upon the quality of ths adjacent river watsr.

Much more detailad work ismeded to detormine the safe vizld of the

important aquifers in ths ar:a. The aauifers in the Magothv and Raritan
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formations now yield the largest part of the ground water withdrawn in the
area and are capable of yielding still more. Their further development
should proceed cautiously and in the light of accurate and up-to-date
information. Other good aquifers in the area are not so heavily developed
but the conditions affecting them are less thoroughly understood. Even
the less productive aquifers will warrant further studyv as the demand for
small suppliss for residential and minor industrial use increases.

Probably the most serious and urgent ground-water problem in the area
relates to the maintenance of the chemical quality of the eground water at
a satisfactory level. If ground water wore used only as a coolant this
would not be so important, but many of its uses, including human consump-
tion, are limited by the nature and concentration of +the mineral salts that
it contains. Conditions such as those in south Philadelphia emphasize the
importance of careful study of all *+he factors that may affect the quality
of the ground-water resources of the area. Areas of actual or potential
recharge from the Delaware fiver should be defined in order that the effects
of changes in the auality of the river water may be evaluated.

As the pressure of industrial growth increases in the area surrounding
Philadeiphia, the demands for ground-water supplies will be felt in parts
of the Dzlaware River basin that have not vet been much affected. The
ground-water potentials of that part of the basin downstrcam from the
1ll-county area will hecome increasingly important. Investigations currently
being made by the Geological Survey in cooperation with the States of
Uzlawars snd New Jersey, in Kent and Sussex Counties, Del., and Cumberland
ond Cape Mav Counties, N« J., should be intensified and integratcd into
tho rogional picturec.

In a region of such dvnamic growth and widespread development as the
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ll-county area the conditions that affect the quantity and quality of its
ground-water supplies arc constantly and sometimes rapidly chenging. The
drodging of a 40-foct channel in the Delaware River would greatly increase
the oprortunity for ground-water recharge from the river. The decisions
of a court, of Congress or of & State legislature may have far-recaching
offects upon the flow and/or quality of the water in the river and hence
upon the ground waters rechargsd from it. Increasing industrial and munici-
pal developments with their attendant waste-disposal problems and the
regulatory actions of the State and Federal zovernments may have both a
direct and an indirect effect on our ground-water resources. Certain
ectivitiss, such as improper disposal of wastes in the intake areas of
those aquifers that have not yet been extensively developed, would reduce
the potential supply of usable ground water. Suitable observations should
be maintained or started and constaently analyzed in order to predict
significant changes or at least to detect them as they occur and determine
their cszuses.

Only throurh such obserwations and analysis cen those who are respon-
sible for the plamning of th: develomments within the Delaware River basin
be provided adequate and current data on our ground-water resources. The
wisdom of Incodel in sponsoring coordinated ground-water inwvestigations in
the lower part of the basin and tho farsightednsss of the State and Federal
governments in supplying funds for studiss well in advance of the present
accelerated industrial development have been justified by the aweilability
and usefulness of the drta during the initial steges of development. Con-
tinued effort and vigilance will lead to even greater benefits as the

development of the area procezds to still great=r heights.
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