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PROGRESS OF THE INVESTIGATION OF TI-E 

GROUND- CATER RESOURCES OF THE LO'"ER ”ELA7ARE RIVER. BASIN 

Pv 

Henry C. ''arksdale and Jack ';raham-

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 --ecome 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 Delaware River Basin, "Incodel" for 

short, was among 4- 1-P first to sense the imnending development of the lower 

part of the basin and to recognize the importance of ground water to the 

progress of the area. The valley cf the Delaware 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 industries--such as labor, electric power, and water--all 

aopeared promising. In 1948 the Commission sponsored a eoordinctcd joint 

investigation of the ground-eater resources of the lower part cf the basin 

by the States of New Jersey and Pennsylvania. Eac:1 of the two Stat3s 

allotted funds to the work and the State offerim7s were matched by the 

United States Geologic-1 Survey. The interest in the Incodel ground-water 

program thus a four-sided one. Vork en the coordinated program was 

begun in July 1949. Recent developments in steel, oil, and related indus-

tries, vrith their vast requirements for freshwater and their attendant 
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problems of new housing and expansion of public services, hP-e justified 

the interest of the parties in the investi,- ation and h..7,ve indicated that 

it came none toe soon. 

Fortunately, the area was not without a hydrologic background on which 

to base water-using projects. For many years the Uni+ed States Geological 

Survey, in cooFeration with the States of New Jers-nr and Pennsylvania, has 

been making general studies in the lovier Delaware River area as a nart of 

broader ground-water investigations throughout the two :fates. By 1948, 

however, it became apparent to the agencies inyest4.gating water resources, 

and to Incodel, that additional emphasis must be given to a study of the 

lower Delaware area to provide a satisfactory basis for the effective 

development of the water resources in the area in +he next few years. 

Consequ'ntly, by arrangement between the New Jersey Department of 

Conservation and Economic Develcpment, the Pennsylvania Department of 

Internal Affairs, and the U. S. Geological Survey, a program was set up to 

provide for the preparation and publication of a report on the ground-water 

resources of the area believed to have the greatest industrial potential. 

This area included Bucks, Yontgomery, Philadelphia, Delaware, and Chester 

Counties in Pennsylvania, and Mercer, Burlington, Camden, Gloucester, and 

Salem Counties in Few Jersey. The plan further called for try ourlicat ion 

of detailed reports on the ground--rater conditions in the individual counties 

to follo”, the first report for the area as a 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 agreement between the Delaware 

Geologic-1 Survey and the U. S. Geological Survey. 

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

resouroes in an area, it was believed necessary in this case to make an 
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especially detailed study of the chemical quality of the water in the 

Delaware River between Trenton, Y. J., and '1':,rcus Hook, Pa., because of 

'- he interrelationship between the water in the Delaware River and thpt in 

the ground-water reservoirs along +hat section of the stream. To satisfy 

this need, in August 1949 the Ouality of . later Branch of th,i. U. S. Geological 

survey and the City of Philadelphia began a cooperative survey of the quality 

of +he river water, having as its objective the analysis of the flow-quality 

relationship and the determination of the long-term chemical characteristics 

of the Delaware River throughout that part of the '-asin. 

aRnUND-' 1ATL,R FrAnLOGY OP AREA 

Geol..gy 

The area of study is diYided almost in half by the so-called Fall 

Line, a line--or, rather, a zone of varying width-- of geologic contact 

between the unconsolidated clay, sand, and gravel of the Atlantic Coastal 

Plain and the h-rd, massive rocks (gneiss, quartzite, granite, sandstone, 

limest•ine, etc.) of the Appalachian Piedmont. This line of contact extends 

in a southwesterly direction through Trenton, r. J., and continues almost 

as a straight line to Wilmington, Del. It follos the Delaware Ri,rer for 

much of the distance between Trenton ^rd 'ilmingtcn, lea'ring only small 

areas of the Atlantic Co._,stal Plain on 'he Pennsyl-ania side of the ri,rer. 

Prom the standpoint of ground-water resources the position of this line is 

of the utmost importance, for it marks not only a major change in the 

tYpe of rccks tut, with few exceptions, it separates himhlv productive 

,-ater-bearing formations from those +hat arc generally not suitable for 

development of large ground-water supplies. 

Although it can be said that ground water is generally abundant in 
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the Coastal Plain and only relatiely small surplies are a.vadlable in the 

Piedmont area northwest of the Fall Line, many -ari(Itions in yield can be 

found throughout the -rea because numerous different geologic formations 

cccur in each of these broad regions (fig. 1). The quantity and chemical 

character of 4round wro- er a -e-il-ble at a selected loc-litv are closely 

related to 1-he type of rock that contains the water. Therefore, an impor-

tant phase of ground-water study Fns been the ir.iestigation and evaluation 

of each geologic formation to determine its water-bearing characteristics, 

and its extent and location -shore exposed at the surface or where buried 

beneath other rocks -- depths economic rea ch of drilling. For-

tunately, much basic 7,-,ologic -crk in the area h-d bean done prior to the 

beginning of the ground-ter studies, so thr.t it was possible to concentrate 

largely unon the refinements in the geology that are essential to the ground-

,,,atcr hydrology. 

nthir the lower D.:Jaw-re area there are more than a dozen important 

-tater-bearing formations, or aouifIrs, ,-hich supply large quantities of 

ground -a*- _, r to municipalities or industries. Each formation has a char-

acteristic ability to store and transmit ground water, and each imparts 

characteristic chemical ourtlitv tc tr., -at,r. There are a considerable 

number of formvtions that normally yield little or no ground •ra-f- .,:r. The 

potential ground-,later - t an- 7i= site is the intimately 

related to the geology. 

Ground-`'afar Resources 

In appraising the ground-water resources of an aria or of individual 

formations, t-ro considerations are of paramount importance--(l) the 

determination of the Quantity of water that nay be expected from individual 

wells and (2) the dependability of the yield of the aouifer in terms of 
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Figure I — Water-yieldtng copocrties of important aquifers in the lower Delaware River region 
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long-continued use. The first depends upon the local ater-bearing proper-

ties of the acuifer, whereas the secona may involve the geologic and other 

conditions covering broad areas and long reriods of time. Particularly under 

artesian conditions, the area of intake that must supnort continued -ith-

drawal from an aquifer may be sone distance away and he affected by con-

ditions no+ apparent at the point of 'Yithdrawal. 

The regular withdrawal from an aquifer of more water than its perennial 

saf.; yield may ruin the water supplies of many or all those who use water 

from it. It is important, therefor°, that further de.,,q1opments of an 

-c.uifer or any p'xt of it proceed -ith caution when danger signals such °s 

changes in the chemical chPracter of +he -rater or serious declines of water 

levels are observed. Tho only safe course.; in such cases is to analyze 

carefully all th! factors th.,t Tiny affect the safe yield of the aquifer 

before proceeding, -ith large -rid continuing additional udthdrawnls of 

In the 11-county area covered by this report it is proabl - thit 

mcIrly all +he avail,,!,le ground -ater comes from pr,Jcipitation -ithin the 

area or from recharr;e from surface-water bodies within the= area, such -s 

the Delawnre Riv - r. There is no basis for he supposition that an,, of th,! 

around -- -t3r in the lo-ror part of the basin comes through underground 

channt,ls from th. Pocono Mountains or from any ether remote source. For-

tun-ft2ly, r-Anf...11 is relatively abundant in the area and opportunities for 

infiltrfAion of part of this rainfall into filo ground are good, especially 

in th,J Coastal Plain. 

The coarse .;odimt n-fs of the valley alluvium and the sand end gravel 

members of the Raritan formation, che lowermost Joastal Plain formation 

in this area, nr„ in hydraulic oorneotion with the bed of the Delaware 



	River in many p1-1)s btwE:c.n Trmton i'ilmington. This condition 

provides an excellent opportunity for large-scale infiltration of surface 

water. Because of the high potential for recharge wherever the water-

bearing sediments are in hydraulic connection with the river, the oppor-

tunity for large-scale grqun4-water development along the Delaware River 

is probably the 1, _st tir+- can he found within the area. The era+er undergoes 

the natural filt. ring action of the sends and gravels between the river 

end the wells. :1-ere the chemical character of the river water is satis-

factory end where fevoreble geologic and hydrologic conditions prevail, 

large quantities of satisfactory water can be and are being obtained from 

wells n._ er the river. 

Flow)ver, th equifers along the river ere also being drawn upon more 

heavily than eny others in the area because they are found where coniitions 

are most fevoreJ.le to industrial developments. Their continued use and 

furthpr developm nt will depend to a large degree upon the maintenance of a 

s-tisfactory ch_eieel ou-lity of water in the ricer. Dissolved mineral 

s lts ere genr-lly not removed by the filtering action of the sands. In 

some places the er-ft upon these rquifers appears to be epproximetely as 

l'rgo es c-n sef ly be maintein:d without excessive lowering of -rater 

levels or deterioration of the quelity of the was-er. Tn other places they 

are cenable of yi ldine substontiel additional ouantities of water. 

The next me :t favcroble areas for large-scale withdrawals are those 

underlain by s-rd and gravel formations of the Coastel Plain in New Jersey 

and Delaware, where infiltration from precipitation occurs at s maximum 

rate ani over vie, erees. Only a relatively small portion of +he Coastal 

Plain extends into the Pennsylvanie part of the area. Existing or planned 

ilist411ntiolls by 3ristel, Morrisville, Levittown, and the U. S. Steel Co. 

http:fevoreJ.le
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point toward maxim.am ground--rater use in southeastern Sucks County. The 

existing large pumpage of ground water in south Philadelphia leaves eouth-

rest Philadelphi- and perhaps the southeasternmost part of Delaware County 

as about the only roastal Plain areas in Pennsylvania available for p7tential 

large-scale developments. Except in Camden and several other oommuniti3s 

located on or n. r the Delaware River, the pumpare of ground water in the 

large Coastal Plain r-gion in New Jersey and Delaware is small in compari-

son to the quantiti,:s of ground water potentially available. In most 

places these potential supplies are on the order of half a million to a 

million or more - .11ons a day from a single well, and they aggregate many 

millions of gallons daily. 

In the PieJmont area of rannsylvania, of Mercer County, N. J., and of 

Jew Castle County, Del., available ground-water supplies are much smaller. 

Yields of most walls do not exceed 100 g -, lions n minute and in many they 

are considerably less than that quantity. However, then) are a few water-

bearing formations from which yields of more than 100 gallons a minute are 

obtained, including the sandstones and shales of the Stockton formation of 

south-central %irks and Montgomery Counties, Pa., and Mercer County, N. J., 

and the Cambriar nd Ordo.'rician limestones of central Chester County and 

southern "ontgomery Countv, Th.-s3 for') Lions are at present used by a 

number of municinaliti.s and industries, and further large-scale development 

is possible only -t sites not immediately adjacent to existing installations. 

Ground-'later Usu 

Among the ad,,antages of ground wa 4-er are its nviil.rti-ilitv in many 

localities, its low turbidity, and its relatively constant temperature and 

chemical che.raoteristios. These factors hove played an important part in 

http:maxim.am
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the choice of a ground-water source by many industries and numerous small 

communities thro, 7hout the area. Thesupply of Camden, N. J., is the largest 

municipal supply -ithin the area that is obtained exclusively from the 

ground and nveracrls more than 20 million gallons a day. 

It is not surprising to find that the location of present large users 

of ground water is fairly well defined by the regional di vision between the 

Coastal Plain to the southeast and the less productive hard rocks to the 

northwest. In Jersey nearly all municipalities and most of the indus-

trial plants (exc3pt the largest users located along the Delaware River) 

use ground rater; whereas in Pennsylvania most of the municipalities hav,,; 

surface-water sources and in general only the smaller industries h' been 

able to obtain a p-ound-water supply sufficient for their needs. In the 

southern part of Philadelphia and in lo-rer Bucks Coun';7, where there arc 

Coastal Plain formations on the Pennsylvania side of i;he Delaware River, 

much greater use of ground water has been made than would have been possible 

from the underlyine. hard rock at these locations. 

In 1950, it w-s estimate that this average daily withdrawal of ground 

water in the Phil'delphia-Camd;n area (then considered as 10 counties 

only) was on the ordJr of 125 million gallons. For the somewInt larger 

area now boing studied (with the addition of ?,'ow Castle County, Del.), and 

m-king allowance for the increase in use since 1950, it is proaable that 

the present withdrawal exceeds 175 million gallons a day (fig. 2). The 

largest part of this water is pumped in three cont(rs of withdrawal: the 

Camden metropolitan area, the Philadelphia metropolitan area, and southern 

Bucks 'ounty. These areas use approximately 70, 26, end 15 million gallons 

a day, respectively. Table 1 gives the present estimate of ground-water 

use by counties for the entire 11-oounty area. 
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Figure 2. Present use of ground water in the lower Delaware River region. 
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Table 1.--Estimated ground-rater use in the 11-ccunty 
in million gallons daily 

STATE AND COUNTY "unicip-1 Industrial Other Totc.1 

DELAWARE 

Few Castle 5 3— 1— 9— 

Total 5 3 I 9 

flE7 JERSEY 

Burlington 4 3 6 13 

Camden 34 15 5 54 

Gleuc-:ster 4 12 3 19 

Mere-A- 4 3 4 11 

Salom 2 3 3 8 
...M.= ••••=1•• .M•MM• ...... 

Tof!.11 48 36 21 105 

DEPTSYLV/OTIA 

Bucks 6 8 4 18 

Ch.:ster 1 2 3 6 

Del--,,:Lr., 0 1.L 1 2 

ontgomery 3 18 5 26 

Phil,,d,Aphiq 0 16 6 22 

Total 10 45 19 74 

GPAPT TOTAL 63 84 41 183 
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It is diffi.ult to assign a monetary T,-alue to such a resource as water 

because it is so essential for so many purposes. Where necessity mir:ht 

dictate, other scurces than those now used might he found and their cost 

would bo cne me-.sure of the value of the orosent suPply. Conservation 

measures such as more intensive reruse of water and mechanical refrigera-

tion can be employed, -t a cost, to make the existing supply go farther--

another indirect measure of its value. In an emergency, such uses as air 

conditioning for comfort and lawn sprinkling could be curt ailed without a 

direct loss of production or profit. In any event, there is no doubt that 

the present use of ground water is of vital importance to the area. The 

advantage of ground water for cooling alone is such that conversion to the 

warmer surface-'vater supplies of the summer months would greatly increase 

costs for eouipmint and pumping operations. Furt1P-nor3, the surface-water 

supplies of the area, almost without exception, re-;wire filtration for 

uses other than some types of industrial ccol:mg, so that nany new filtr,, -

tion plants would be reouir9d if adequate ground water wore not available. 

Among the mrny users of large ouantitios of ground rater in the area, 

exclusive of muric p-.1ities, ere the Philadelphia Naval Bose, Publick.:-r 

Industries, the Texas Co., Rohm r‘r Haas Chemical Co., E. I. du Pont de Nemours 

Co., the Socony "-cuum Oil Co., and the Public SerYice Elucfric Co. 

RE'TILTS OF STUDY 

Although detailed studies have been node 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 cooperative State-wide programs. l'ork vies begun in the area by the 

-. S. geological Survey 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 knowled.Te is available as to 

their recharge characteristics 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 briof reports have appeared in technical journals relating 

to ground-water conditions in the area. Two U. S. Geological Survey reports 

hair: been issued: Circular 104, Water resources of southeastern Rucks 

County, Pa., and Circular 190, Index of water-resources records in the 

Delaware River br,.sin to liptember 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 suppli3s of 

the Carden 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 11-county area is now approaching completion and, i* is hoped, will 

be available by the end of this fiscal year. Following this over-all 

appraisal report, detailed county ground-ouater reports will be issued for 

each of the counties as State reports by the cooperating agencies in 

FJnnsylv-ni-s, New Jersey, and Delaware. 

PRO RLEMS 

Among the objectives of the ground-water program for the 11-county 

http:knowled.Te
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area are the delineation and evaluation o2 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 use of the 

resource. Each of these objectives has many ramifications and, once 

determined for a given set of conditions, cannot be considered final, for 

the factors that affect 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 nresent 

rate of use, there are some serious problems that must be recognized in 

the proper planning of expanded ground-water facilities for new develop-

ments. Among the most important of these are those that relate to the 

geology of the area, those that relate to the chemical Quality of its 

ground waters, and those that relate to the regional or local decline of 

head or storage in important aquifers. 

Problems Relating to Geology 

The water user who has little knowledge of geologic problems is prone 

to apply his knowledge of cond i tions 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 Delaware River basin, it wust be 

recognized that the hydrology varies widely with the r:eology from placc, to 

place. The hard rocks that occur in the Piedmont area throughout most of 

Bucks, Montgomery, Philadelphia, Delaware, and Chester Counties and parts 

of Mercer and New Castle Counties differ greatly in their rnts.r-bearing 

characteristics 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 more 
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prominent in some places than in others. Consequently, wells only a few 

feet apart may differ greatly in yiLld, and prier to drilling there can bo 

no assurance of the quantity of the supply the well will yield when finished. 

It is true that when the records of a great number of -fells are available 

for study a certain average expectancy can be derived, but the yield of 

individual wells cannot be predicted with confidence. Again, the depth of 

wells in the hard rock may show little relation to yield, some shello-,wells 

having much greater production than nearby wells drilled to depths of a 

thousand feet or more. In general the yield of hard-rock wells is not 

proportional to depth because the number and size of openine:s tend to 

decrease at greater depths. Thus, rot only is the supply of ground water 

in the hard rocks of the region generally less than that in the Coastal 

Plain sediments, but the yield of individual wells is a great deal more 

erratic. 

In sharp contrast ere the relatively uniform and prolific sand and 

gravel layers to be found in the Coast-1 Plain sediments. Some Coastal 

Plain aquifers extend more or less uniformly over large areas, but they 

dip gently to—erd the sou+heest and thus ere encountered at different 

depths in different places. Ev.n in +he Coastal Plain area, however, 

eridespread uniform aquifers are the oxeertion rather than the rule. Many 

are of limited extent and variable in character. On the Coastal Plain, as 

elsewhere in the area, one essential to a successful development is a 

thorough knowledge of the geology. 

Problems Relating to Chemical Quality of Water 

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

from wells in the area it was all potable and of acceptable chemical character, 
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except for occasional instances of high iron concentration and perhaps of 

brackish water from wells along that reach of the river where salt water 

from the bay moved upstream during low flow. As industri©s and communities 

developed and as wastes were discharged into the; streams, or spread on the 

ground, or dispu:,ed of down wells; as city dumps swelled in size and number; 

and as sewers were built and not repaired when leaky or broken, these wastes 

began to be added to the natural recharge from rainfall to such an extent 

that in some areas the ground-water supply is now trending slowly toward 

uselessness because of contamination. 

For nearly 10 years the Geological Survey has been making periodic 

analyses of well waters at several sites in south Philadelphia and has 

noted with concern the const'-ntly increasing concentration of dissol-Tred 

chemicals in the water. The U. S. Taal Base, which a fey yc' rs ago used 

well water w;th no treatment other than chlorination, now has found it 

necess'ry to install expensive trettment E;quinment for its entire supply. 

It is blie,,ed that most of the water obtained frcm wells in south Phil-.-

delphia, including the Naval ease 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 `base. However, this water 

has been s.,:riously polluted by waste wat,irs from sewers and abandoned wells, 

and by recharge from precipitation which becomes contaminated as it moves 

downward through extensive dump areas. Some of this contaminated rater 

appears to have been drawn through common aquifers beneath the Delaware 

River into centers of heeYy pumping in Camden. Contamination of this 

nature cannot be corrected quickly, if at all, for the upper layers of the 

ground rave been saturated with chemically inferior 'eater for many yers 

and there is no effective morns of flushing them free of their polluted 
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water. It appears that ground-,nter 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 degree of treatment required will 

remain constant. There is also a possibility that the contamination may 

rise to lo'rels that will render the water unfit for some uses oven after 

treatment. 

New industries and growing communities in tho lower DJlararo basin 

will increase the threat of waste-disposal contamination of both surface 

and ground-water supplies, no mntter rteth.:r accidental or intentional. 

State -nd interstate agencies such as Incodel have been waging a campaign 

to reduce this threat by roouiring th3 construction of ne-r or improved 

waste-treatment plants and discouraging tit) discharge of wastes into wells. 

This campai:n has had a gratifying "leasure of success in r)cent years. 

Powelrer, it -ill probably be quite e number of if ever, before the 

correcti,re -1,Jasures can come abreast of the lo-d of contamination which will 

he produced by all the pr,z;sent and proposed industrial and resiclanti. 1 

exoansion in th.: are'- . r'enst-nt and ovrlastinF vigilance -ill be r-ouired 

to keep our present and potential 7.ater supplies in a usable condition and 

as free from contamination as possible. 

Probl_ms Relating to Lo-:erod 'utter Levels 

''Then 7-ter is withdrawn from a well (or a well field) thc rater levels 

in the surrounding parts of the aquifer are lowered by the erection of a 

slope to-Fird the rpll sufficient to irduce rater to flow to it from an 

ar-,a of rcharge. Thus rith any pumping from any aquifer there -ill be 

some lowering of water levels. The lowering poi- unit of rater rithdrawr will 

depend upon the characteristics of the aquifer. The greater the rat:. 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 year, or 'Is it is related to other factors. 

Each additional well that draws from an aquifer will lower the water 

level in ndjacent wells. The proper spacing of wells is therefore impor-

tant in order to reduce the cost of Pumping as much as may he compatible 

with obtaining the full yield of the aquifer. As an example of the inter-

ference of walls, it was estimated that the regular operation of the Texas 

Co.'s wells at Engle Point, Y. J., at a rate of 6 million gallons drily 

'would lovfer the water levels at the Philadelphia Tail geese about 10 feet 

if everything else remained constant. Subsequent observations have indicated 

that the estimate was of the right order of magnitude. 

t'rep.r.„saive lov,erinr of -rater le-els without increased pumping or 

disproportionally great low:rinp: for an increase in pumping may be an indi-

cation that the c-, pncity of the aouifer is being exceeded. It is important, 

therefore, to maintain adocuate and accurate records of pumpacre and water 

lemils and to study their relati on periodically. 

Records of -later levels are aiso important where an aquifer is exposed 

to recharge from bodies of surface rater that are of unsatisfactory chemionl 

quality, because they will indicate whether such recharge is likely to 

occur. The safe yield of an aquifer may be sharply limited by the danger 

of the intrusion of unsuitable surface water. Such conditions probably 

exist in some places along the lower Delaware -qiver'inhere salt or brackish 

water moves upstre-:m from the Bay, esp,:cially at times of low stream flow. 
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CONCLT;SIOY 

Let us now review briefly the situation in the 11-county area and see 

what conclusions may be drawn as to the future of the ground-”rater supplies 

in it. More than 175 million gallons of rater is being withdrawn every 

day from underground sourc._$ in the area. Those supplies appear to be 

dwindling in some localities, and additional water for such places will 

have to be drawn from a distance, either from underground sources or from 

surface sources, depending upon the quantity and quality reauired. For the 

area as a whole there is no evidence of a regional decline in storage and 

there is a reserve of unused ground water that is ample to support sub-

stantial grovkh. 

The area's largest single reserve of ground water, that in the central 

part of Jersey, is essentially untapped 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, -rithin the 11-county 

It,; use in the industri-liz.d lower Delaware basin will require 

extensive -ell fields --, rd long pipelines. This resource shcul(1 be carefully 

de 'eloped and jealously protected. Its groper development will reouire 

re-t deal of additional basic informetion. 

In many places along the Delaware 'Iierer, conditions are fe-rorebl for 

induced rech.trge from the ri-er. Aere this is so, the quantity of ground 

water may be substantially increased by water drawn from the river. IT01:,-

ever, the quality of the;water +ends to epproach that of the river water, 

and the parm-.nency of a local supply of good ground water in these places 

therefore will deoond upon the quality of the edjacent river water. 

!wch more detailed work isnaeded to determine the safe yield of the 

important aquifers in the aria. The neuifers in the Magothy 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 no+ so heavily developed 

but the conditions affecting them are less thoroughly understood. Even 

the less productive aquifers will warrant further study os the demand for 

small supplies 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 ground virator at 

a satisfactory level. If ground water ,.core used only as a coolant +his 

would not 1-0 so important, but many of its uses, ircludirg hu-an consump-

tion, are limited by the na'ure and concent-ation of the mineral salts that 

it contains. Conditions such as those in south rhiladelphia emphasize the 

importance of careful study of all the factors +hat may affect the quality 

of the ground-water resources of the area. Areas of actual or potential 

recharge from the Delaware Aiver should be defined in order that the effects 

of changes in the Quality of the river water may be evaluated. 

As the pressure of industrial growth increases in the area surrounding 

Philadelphia, the demands for ground-"rater supplies will be felt in parts 

of the Delaware River basin that have not yet been much affected. Tho 

ground-wa+er potentials of thl4t pert of the basin downstream from the 

11-county area will become increasingly important. Investigations currently 

beinr made by the Geological Survoy in cooperation with the States of 

Delaware and New Jersey, in Kent and Sussex Counties, Del., and Cumberland 

-nd Cape May Counties, N. J., should be intensified and integrated into 

the regional picture. 

In a region of such dynamic growth and widespread development as the 
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11-county area the conditions that affect the quantity and quality of its 

ground-water supplies are constantly and sometimes rapidly changing. The 

dredging of a 40-foct channel in the Delaware River would greatly increase 

the opportunity for ground-water recharge from the river. The decisions 

of a court, of Congress or of State legislature may have far-reaching 

effects upon the flow and/Or quality of the water in the river and hence 

upon the ground waters recharged from it. Increasing industrial and munici-

pal developments with their attendant waste-disposal problems and the 

regulgtory actions of +he State and Federal governments may have both a 

direct and an indirect effect on our ground-water resources. Certain 

activities, such as improver disposal of wastes in the intake areas of 

those aquifers that have not yet been extensively dev,_loped,would r. duct) 

the potential supply of usable ground water. Suitable observations should 

he m,,intflined or started and constantly analyzed in order to predict 

significant chin is or at least to detect them as they occur and determine 

their causes. 

Only throurh such observations and analysis can those who are respon-

sible for the planning of the develonments within the Delaware River basin 

be protleiod adequate and current data on our ground-water resources. The 

wisdom of Incodel in sponsoring coordinated ground-water investigations in 

the lower part of the basin and the farsightedness of the State and Federal 

governments in supplying funds for studies well in advance of the present 

accelerated industrial development have been justified by the availability 

and usefulness of the drta curing the initial stages of development. Con-

tinued effort and vigilance will lead to even greater benefits as the 

development of the area proceeds to still greater heights. 
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