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Note: Thls staff worklng paper ls one of a serles of Issue3.
and POllCY Alternatlve Papers presentlng facts, analyses,

and conceptual pollcy alternatlves on coastal resources and'

:coastal land and water usesv;:The purp@se of thls draft

' document lS to. stlmulate dlscusslcnVand;cammentsrthat wmll

a551st preparatlon,of the management~p ram fer the New f

Jersey coastal zone.; Thls rep@rt was prepared ln part w1thf

'.flnanclal ass;stance under the Coastal ZQne Management Act,f"

p. L. 92~583.1 -

Comments, cr:.t:.c:.sms, adda.t:.ans, and suggest:,cns are. welcome

Cand should bg addressed to the Ofﬂlce of Coastal Zene Manaqe~ '

. ment.
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INTRODUCTION

Thevloss or severe reduction of onr‘groundwater resources
and the danger of local groundwater’contamination is a real |
and,potential‘problem in.areaS'infand-adjacentrto the coast.
The»depletion‘of thist&aiuable,'readilyvavailable, natural
resonrce,and.saltrwater'intrusion and local pollution may

@

severely disrupt the coastal population and its economy by

limiting potable water supplles.

This. paper is lntended to further debate on 1mportant
groundwater lssues, 'The“f;rst sect;on.brlefly def;nes_theseu_

issues in the coastal area and then presents alternative

policies wnich could be’part~cffthevcoastal zone management

program in New. Jersey._

Sectlon III provrdes characterlstlcs of groundwater in p'
New Jersey S coastal area 1n termsmof exlstlng and potentlal
quantity and quality.

Sectlon v analyaes natural processes and man-made
act1v1t1es that affect groundwater quantlty and qual;ty.

Two appendlces conclude the paper. Flrst, coastal zone

reglons are examined 1nd1vrdually and problems specrflc to

‘the reglon are hlghllghted.

Flnally, the sources used to support and reference the

text are presented.



I. ISSUE

“A. Groundwater Quantlty

In some areas‘of the coastal zone locallzed scarc1ty of

I

"grOundwater'ls becomlng annlncrea51ng problem.v

This applles

;expec1ally to. the 1ntensely developed areas: prlmarlly the

Hudson Rlver Waterfront -and Newark Bay areas, Monmouth,

7'Pumplng'of gro

“rechargesby'thescon

*fgthat:discharges;int

‘groundwater in loca

'a.'trend;of‘groundwate

lized parts of the coastal zone.

S Salem, and Cape May countles.'

AR I « : :
undwater and the reduction of aqulfer
structlon of storm water dralnage systems

o su:face’water,lhas led-to a scarclty of

'If the

r,depletion,continnes it Will‘lead to a

‘ilossfof,economio.be%efitsuresulting’froﬁ the loss of a cheap

z?'{highquality*water

supply. 'There is also a side effect of

A

"overpumplng and consequently lowerlng of the water table

- | v ,
'»that could change the ‘base: flow condltlons of streams alterlng'

the:ecologlcalzcond

"B Groundwate: gna

itions. of an aquatic envxronment..

Lityt

The quality of

‘fhanbeen 1c¢a11y th:

hashresulted,in’the

.Qroundwater Supplies-in the Coastal Zone
reatenedhin recent years by contamination
tants to the water table aqulfer. This,_n

abandonment of many wells.

v



- . Secondly, salt wate.-r :i'.nvtr‘usiovn. 'threaten»s,grou,ndwater
existing along the immediate Atlantic Coast over most of the
Coastal Plain. |

Saltwater has already contaminated some water supplies
along'the coast and somewells.have had to be abandoned.
Increasing population and cencentrated'deVelopment will
eventually worsen the situationw This will result in the
loss of_economicubenefitshbecause-ef the forfeiture of a

cheap water supply.



1
- II. POLICY ALTERNATIVES

Planniné:and'regﬁlatiOnsfare'needed:tQ’maintainfan;émPle

supply of groundwat

1.

‘fThe safe

~ can. be co

.be.establlshe&._

;ijater quallty and salt water lntruSLOn

er. |
sustainediyield~of:local.aquifefsNShould
Thls is the amount of water that

nstantly w1thdrawn w1thout unacceptable

: change*tc water table elevatlon, stream flow,.

This data

can be partlally obtalned from the dlgltal computer

‘:FSLmulatlo

M. taurel.

dquantity

"-In order

n model that USGS has: been undertaklng.

tAqulfer Jodels have been completed and callbrated
:-_for thevfollow1ng aqulfers w1th1n the coastal

R zonet :Rarltan-Mogothy, Engllshtown and Wenonah-

The completlon of all the aqulfer

;medels,wlll show the best locatlon of wells and

of w1thdrawal.

to: assure the safe sustalned yleld the

folIOWing should be lncluded-

_Prlme rechargeaateaSEcduld:be delineated.r

'_forvsuch.

of soils,

;(a) protect;en.of,pr;meurechargetareas:3

afdelineationtwould*include.

land cover, depth to seasonal water

’table;belevatlon of the area and geology.."

Criteria

permeabllltye



>

Development over: these areas ceuld be requlred to

krespect the: recharge condltlons of the: soxls and

geologlc«formatlons;, StandardSzwould.anlude'luml—

tatlons to the ameunt of lmpermeable surfaces that

. water retentlon ba51ns and/er censtructlcn @f wells to

artlflclally recharge endangered groundwater aqulfers.

‘.Th;s 1s belng dene Ln Long: Island, New Yark.‘

Preper'plasement'afunewuwells on tha‘araaS;;“’

net covered by auifer models

<Placement of new. wells could be based on ground~
water avallablllty and quallty. Crlterla would be

:;speclfic to dlfferent areas and lnclude. the

number of wells to be drilled and the amount of

| watér éll@w$d7t0‘béfﬁﬂmﬁédiﬁxeﬂfeaeh*weii“é’theee
' reeically‘dexived}safeJSHStained-yield, and the
placement of wells in:relatibn to each-other;<

eSpac1ng requlrement should, whenever possmble, be :

based on local factors because no one set of

dlstances w1ll be. adequate and. reasonable for all )

-'condltlens. In areas where "undesmrable" condltlens
. exist safe dlstances should be extensxve. In
: areas pessess1ng especmally "favorable" condltlons

,lesser dlstanceslm;ght be acceptable 1f appreved

by-the enfor01ngragency.-.




. type and

hgovetnjth

.glowing~m1
'sexisting“
character
and rate
groundwat

Preventiv

'thereby a

. water ove

Performan

. |
. ) |
surface: a

bedrock,

| ,Infthe-détermiﬁation“dfitheQEactofsrwhich-will-

e selectlon of a safe dlstance the fol- ’
mimun factors should. be evaluated° »the'h

locatlon of the sources of potentlal and

”contamanat;en;\geolcglc'andxhydxaul;e

nd.Water'table,_thevWater?table and
seasonal depth to water, its direction

of movement, and the mathematlcally

'derlved effect of well pumping on. the dlrectlon of

er'movement:between the source of contaml—

nation and the well.

. control.saltWater'intrusion;.

‘areas are

combat . saltelntru31on.

etand.femedial measﬁiesecould be taken to
Some of’the‘threatened
identified by USGS and delineated, |
ctlon could be taken in these areas to

Measures taken could

1nclude-wells drllled to artificially recharge

endangered. aqulfers to malntaln a pressure head so

intrusion.

as:tovcontrol.saltweter intrusion, and stringent

regulations: concerning the utilization of ground-

rpumpage: of aQuifersfthreatehed by

point and

relations

.distances

and wells
industria

should be

pe:stendardsbshOuld‘be«developed-concerning
‘nenepoiht:pollution sources and their :
hipvwith'recherée‘of aquifers, Minimum
should,be'set:be;ween sanitary landfills
ﬁ'_Certaih_typesiOf‘materials~suchves
l‘waStes,hdredée»spoils etc; to be dumped

regulated in prime recharge areas.

istiCS’ci'the”mEteriallbetween-theflandh f“"

»



The,inventory of.non?point‘pollution sources
affecting groundwater: in the éoastal.zone would
lead to measures resulting in the amalioratioﬁvof
specific nonépoiht pollution impacts. For example,
'soil and'conse£Vatién pra¢ti¢es are one of the
.mostﬁeffectiVe principal contiols,for reducing
potential pollution ﬁromzagricultural watersheds

(see Water Quaiity Issue Paper).




ITI. PHYSICAL CHARACTERISTICS AND NATURAL FUNCTIONS

Portions of twb.geologic.provinces of greatly differing
water~bearing capacities are located within the New Jersey
Coastal Zone, Figure 1. Differences exist because the geo-
logic formations. enclosing each province contrast greatly in
their ability to reéeive-and.to store water.

The northern,p%ovince, the Piedmont Plaﬁeau, which
includes the Hudson?River.Waterfront and Newark Bay, is-

|
composed of consolidated material where the majority of its

groundwatergis-reta&ned'in the hard, extensively fractured,
sedimentary’rocks..§The thinner and less pervious soils and
steeper'slopes,'permit less infiltration, perhaps one=-fourth
to,one-third as much as in South Jersey, and the average
time beforefthe.shailow groundwater appears in the streams.
is much less. Locaﬁ anomalies provide considerable less
water, such as the %asaltS'of the Waychung Mountains. <Large
amounts of‘groundwa%er also exist in the uncosolidated
glacial.drift\occupying ancient rivér valleys. Glacial
deposits of.unsorted material, ranging from clay particles
to large boulders, from sheets. of unconsolidated drift that
cover much of the P#edmontvwith a depth of 15-20 feet.
However, the drift-filled valleys may be hundreds of feet
deep and the,aquife£5'within them can, if impermeable layers

. | »
of clay overlie them, become artesian.



The New Jersey pertlon of the Atlantlc Coastal,Plaln is
, composed of unconsolldated srlts, clays, sands, and gravels.h_
It is bounded on. the north by ‘a-line stretchlng from Trenten :

- to Rarltan Bay and 1ncludes threewflﬁths of the State. It

stretches 100 miles outward'lnte‘the Atlantlc Ocean.,

, Perhaps 40 percent of eut of 45 lnches ef perc1p1tatlcn

'falllng each. year on the sandy Ceastal Plaln would lnflltrate

| lnte the greund and most of that weuld reappeer days, weeks,v

or menths later in the sprlngs or seeps that feed the streams.

There is recharge to. two phjklographlc provmnces of the
»Coastal Plaln, Flgure l, | ’ ‘ |
l. ; In the area of the Inner cgastal Plaln there is
-~ ‘recharge to the large capaCLty sand formatlons.'
:ihThese aqulfers outcrop aleng the Atlantlc Ceast
;north of about Neptune Clty up to Sandy H@ek and
‘vareund the Rarltan Bay and also the area of the
'coastal zone up—rlver from Lewer Alleways Creek. -m‘
i The aqulfers dlp gently to the southeast frem the
5toutcrop area and underneath the Outer Ceastal
Plaln s 1mpermeable layers of clay and marl. The
'water exists under pressure, Wells are drllled

v‘threuqh the Outer Coastal Plaln to great depth to

xhtap these formatlons, see Flgure 2.
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Figure 1. Physi:ographic. provinces in the coastal area of N .d.
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2mf"The;0uter Coastal Plaln, larger in the area than

2the:Iﬁner Ccastal Plaln, has at the surface Plels->-

:,:tocene*sand and. gravels, the Cohansey Formatlon,vf
;and the uhderlylnq Klrkwoed Formatlon ln many |
., areas actlng as one: hydrologlc unlt. Whlle there
_-are area§ underlaln»by clay or  with appre01able '
's;ltforuclay in the sands, whlch therefore are nct"
‘d1aSz§oodffor percolatlon,of ralnfall, most of ‘the
iarea lS a sand whlch.w1ll absorb about 1/2 1nch
'v'lper hour of ralnfall.' Therefore, unless the
"’ground.ls frozen there’ ls practlcally no surface
'”rrunoff because raln storms seldom exceed thlS't
" hourly rate. | e |
’afThisudhccnflned;or seml-conflned unlt, réééiQés
ealmost‘all lnltlal recharge from prec1p1tatlon and}
”"streams;, It then.may recharge underlylng aqulfers,“
zthrouthdlrect ccntact er breaks in overlylng |
_llayerSJof 1mpermeable clay and marl _ '
The’sandyacoastal Plaln 1s water-bearlng of dlfferent |
'watersqualitywtorthlcknesses of 6., OGO feet above bedrock
lnear Cape May but thlnnlng down from 30 to 50 feet abOVe
‘bedreck alcng the Delaware Rlver and along the fall llne
‘”_efromﬁTrehtohjtanerthaAmboy; In‘the?Coastal Plaln some of:

'the?Ia;qeawells:are screened: at depthsaof 600 to 800 feet,

a';'fbutimestfateaiesssthana300 feetfdeep.,v{‘




In total,_sone 22 to 25 inchestf,out'45dincnes.of‘
rainfall is’lostveacthear-toreva?otranspiration of deeo
percblation-to thetoceans. The remalnder, Wthh may vary
from 8 inches in. a. drought year to’ 35 1nches in the wettest
years, runs.off‘through.the”groundwater—surfaoe stream
system. to. the ocean."It'is worthy'of'note,thoweVer,-that
evapotransplratlon takes flrst.clalm on precrpltatlon and
does not vary-greatly:from a,dry.year to a wetsyearfln New
‘Jersey. 'The‘residual 8-to:35’inches,~avera§in§'about'zi -
inches, is avallable for lmmedlate use by man or for storager
above or»below-groundm We are only w1thdraWLng about 15% of
the'Zl.inches_oftannual precipltataon not‘clalmed<bY“eVapo—
transpiration. A much larger proportlon could be w1thdrawn
with addltlonal surface storage and greater use of - groundwater
in areas of surplus.. Ifﬂgroundwater is not used,.rts-potentlal;
is not realized \a_nd storage space underground is. not _fdraatﬂed

/intO”Whiéh precipitation can;infiltrate*to replenish,theﬂ

| supply,' If pumping exceeds the natural recharge.rateffor
long periods, then”gronndWater levels drop, but this is'only
.happening'in aifew centers:of'heavy pumping.

New Jersey Coastal Zone- groundwater quallty at a glven
place is very ‘constant from day to ‘day and year to year.
However, over the State there are areas of salty water .
pockets of hlgh iron content, very hard water, or high in

‘ content.of‘othergdlssolveddmlnerals, seeﬂTablegl. All
exoept the'salty water is potatie after:conventional treatment
and. perhaps. one—thlrd meets state potable water standards
w1thout treatment. Chlorlnatlon and softenlng, if needed,lt-'
. are the only treatment glven to most groundwaters used for-

\

publlc‘supply, though some 1spalso treated.forslron removal.

\




Tablé:lr L f

Range of chemlcal constltuents in the follow1ng Coastal
Plain Aqulfers. | | |
:Rarltan and;Magothy Formatlons, Engllshtown Formatlons,j
WenoahdFormatJon.and.MountuLaurel Sand,vKlrkwoodl’ -
'Formation,vand-water table agquifers.

Selected reported wells

| ,U.S;TPublicr::.‘ Range of Constituents

L ﬁ*ﬁgalthfsfandardS* » .Ma%im“mT~;f?Minimum
Cmon R B .114'-';_:‘” 0
Bicarbonate - 382 0
Sﬁlfatefv ‘-i | | _zspinﬂa G , 22465‘-- | 0‘
© Chloride - | 250 'f’ ;_:68005’~f s
Dis.. SOlids. - S s00 o 3440 agd - 14.0
| ég IEREE . - 9.1 3.8
»I'ﬁardnesS. o o ms 2.0

-Temperature .1, :_:;-, o vm_ 86 F° . 4L F

* unlts in parts per mllllon (ppm)

',Source- USGS Speczal Reports ;

Groundwater is ecologlcally v1tal to the Coastal zZone.

It is the source of‘most ‘stream flow w1th1n the zone. All
N .
freshwater ecosystems are dependent on groundwater to prov1de'

atunlqueraquatlcfenyironmentwassoc1ated w1th~lakes;_r1versy

and&streams; GroundwaterWis.also-the-primary waéer SOurce-
1

for‘most terrestrlal vegetatlon and human consumptlon.




IV. ANALYSIS

A. Groundwater Quantlty

The: pumplng of" the large quantltles -of water from the
aqulfers altered cens¢derably the pattarn of mevement in
them. Increased water development may be expected to cause
additinnal.changes@--?hetremQValrof;water’frﬂm»anvaquifarvby
a well, or well field, 1awg:s_ﬁheghéadzar¢und the well
enough to induce the flow cffaﬁﬂequivalent quant,tY»of'wate;
toward the well. The depression of head around the well is

called the cone of depression, see Figure 3. -

-t AN \ -,

N~ -t ,Jmpmmecblemdts -:",\

I~ =t N - [ »"
-7

Figure 3 - Cones of depression.
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Therefore,

the'cone:of‘depreSSion.of‘each new<well must

expand untll 1t hasalnduced addltlonal recharge to - the

aqulfer,lmpermeahle

equal to the quantity of water removed by the well.

- process may take a

boundaries: oxr 1ntercepted dlscharge

vThe

considerable. period of tlmeabecause»of

large-quantitieswoﬁ“water'may%be;remOVed from storage in the

aquifer"andwin'theﬂadjaoent aquicludes.

' has been completed,.

from their original

howeVer,

When the process

new,flow lines'haVe been formed

courses as water moves toward the well.

Impervious surfaces and constructlon of storm water

‘drainageosystemsareduce the amount of ralnwater lnflltratlng-

'into.therground,‘Table.Zn

by streams instead,

cones of depression.

R R Hv

Source:

The water flows overland to near-

consequently, heavy,pumpage,creates,

‘Caputo, Hochman, and Hougen, 1974

‘Table: 2: ImperviouSJSurfaCe_and,ﬁtorm Sewer offResidentiai
i Developmént. | |
Dewelopment '.Amoﬁnt of_Impermeabief Storm
Type | Surfaces | vSewered
DU/Z AcreS) 5% -
DU/Acre 109 -
DU/Acre 208 . :20%‘
DU/Acre. 33% 33%'
DU/Acre 50% 508
8 Du/Acre © 75-1008 50-100%
Cluéteredl.' ‘ | _ |
Urban ‘»vioo%w,ya; 1008



The present state of'gr0qndwater’résourceé.show in
localized areas a reducedzleQel Qf'water.due”to pumping and
to a much lesser degrée devélopmeﬁt:of‘ouf'recharqe'a:eas.:
Based&oh évailableldata,’grouﬁdwaterVlevelstill continue to
decline; ﬁThe*pQSSibilityVexisﬁs.that'watercéupplieS'in some
areas céuldffall-short~of-demandfand,this'is.more likely in -
the. event of.anprolonged drougnt;“Planning is needed to"
ensure an ample Supply'qf.groundwater from the coastal zone
in the future. | | |

B. Groundwater Quality

Man's‘actiVities céﬁstitutefthe’prime‘source of.the
contaminatiansof.groundwatérraqﬁifers;' Therevexist,two 
major Categéries.of‘pollutants»-man*madéipelluténts and man-
induCBdﬁpbllﬁtantsQ’ 0qntamination,offaquifersfwithvmanéméde
p@int.source‘p@llutants.Occux~when.pollutant$ exist oﬁ'tﬁe
surféce‘which are capable of seeping into the ground with
recharge- from brecegitaﬁion, 'Pe;Meable sbilS'are more
susceptible»tb.éeepaQe than §bilsfcontaining”a significant
proportion of silt and clay. Potential pollutants may be
found in sanitéry land_fills; sewage waste dispesal'sites
(see the Solid Waste Issue,Pépet,fqrfspeCifics),'sepﬁic |
tanks, legal dumping sites, waste lagoones. Figuﬁe 4 shows
the introduction of Contaminants'intg3anfaquifer from a

septic tank.

-17 =



Flgure.4 Perqolatlon through zone of aeration. . Most'
-:;_  ) of the natural removal or degradatlon processesi'
| | func%zon under these: conditions.

Common blologlbal wastes are: naturally removed by those
processes that opergte under condltlon of aeratzon.‘ Almost
,all of the suspendeé solid materlal is flltered out by the -
‘upper few lnches 05’5011. However, stable contamlnants ln‘
~solut1on such as phoshates, n;trates and phenollc compounds
or: synthetlc detergents may stzll percolate through the
‘1aqu1fer to a well. v ‘ ‘ ' |
contamxnatlon]ofsaquiferssffomrman—wade'non point

:souroe~of’pollutionzcomes:from:pol;utedsstreamS'that-recharge

groundwater aquifers, agriculture roads, air borme wastes.

‘FigurewS-represents«a major problem facing those water

usersswith;heavy pumpagefnear5polluted streams,' If:a-siream

that is the souroerofiwate: for a well field is contaminated

by materials.thatraieunot,naturally‘degraded under-saturated.
underqraund flowacogditions,'grounawateryin'the vicinity of
Bt _ SIER " : ‘
the_welluWill‘in:tu#n be polluted.

~ 18 -




it rs often overlooked. The»lmport“

" Puriping.

;Plgure‘s 'Induced lnflltra ion from stream.e“étream*:" 
'7pollutlon can result in groundwater" pollutaon._
"fNat»{al pur1f1Catlon lS lmmited to those -
 'processes requlrznq no oxygen.‘r- R

: There are two classes of potentlal pollutants frem ,~7°

) agrlcultural cropland. These rncludersedlment, and agrlcul-

'turalvchemleals.‘ Sedlment-may be one ‘of the most costly and

serleus of all pollutants from agrzcultural cropland, although,?

ce of sediment as a

'pollutant cemes from the hlgh costs. resultlng from sedl-

"mentation and. frll;ng of streams, causxng reductlon dn.

carrylng capaclty, and lncreasedep0531bll;ty of flood;ng
Agrlcultural chemlcals,‘lncludlng modern pestlcldes and
chGMLCal fertlllzers can be carrled off of crog~land ln two_f

forms. (a) soluble‘fozms ln runoff or in percolate water,l'

;~(b) lnsoluble forms or attached to colloldal sedlments.‘

Roads and hlghways, collect orl and gasolane spllls,

tire tread dust ete. Preczpltatzon w1ll wash off the pol~-

lutants and.runs of £ as overland flow. EY part of water

enterlng the roads percolates downward to- the 5011 zone- and :

' eventually to- the water table. ;»”




The’alrborne substances such,as chromlum can be Lntraduced
'to the aqu;fer in several ways.7 For Lnstance, chrome-laden
- wdust;fremaan;eiegt:oplatlnq company ls dlscharged through _

‘ventilators?on theﬁroof.' Some of the dust settled to the

ground, where Lt aﬁcumulatedtuntll raznfall washes lt down
to the water‘table, as. dlplcted in Flgure 6. A generak '
'_,relatlonshlp is shown between prec;pltatlon and chromlum

B centamlnatlcn in the tewnshlp wells."
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quure 6. Dleﬂram showmng pesslble mode of entry of

aquorne wastes to aqulfer
| Naturally cccurrlng salty er~m1nerallzed water mey be

'-redistx;buted:and:may flow-lnto ﬁresh-water aqumfers.” Thlsut‘
':saitéwaterfintrusion a man-znduced,pollutant, occurs when

pumpingfweilsaheer“the sea or near coastal bodies ef salty

wete:"mayﬂeauseﬁan lnflew ef salty water lf the- hydraul;c
f-head41n the fresh~water aqulfer lS depressed sufflclently to

causefthe salty water;tc:movewtcwardgtheacenter:of.pumplngv

- see Flgure(7 S
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; La"nd__surfoce( ‘ LT R——— PU@ped‘well

“maag Mo e by

NATURAL COND!TIONS

SALT ,I,NT'-RUSI_QN

’Flgure 7. ‘
- Along the coast and even,lnland where salty water .
underlles freshwater aqu;fers, pumplng and consequent reductlon
in hydrostatic'preSSure,in.the freshWater‘aqulﬁer may cause
the underlying salty water to move upward. |
Where salt or brack;sh surface water is: in contact w;th
awfreshwater'aquiferzalonq seme;reaches of the Delaware’
River, as an example, it will enter the aqulfer if the head
of the freshwater lS low enough tc permlt it. On the ether
hand, if the fresh water head is high enough, there will be
a: flow of freshwater out of the aqulfery and no salt water
-will enter. » |
| Under“natﬁral.conditions;thevfreshwate:—saltwater .- ‘:
interface is usually stable.Witheonlyxvery-severe‘d:oﬁghts
Perhaps affecting the salt: llne. But man.has cfeated an |
Lnbalance by pumplng out water near the saltwater llne and
bulldlng“lmpermeable*surfaces,;ncreeslnq surface runcff'and7
thetefnrerdecreaSing groundweter;recharge; Both‘cfAthese
factors lessen the hydraulic pressure cf ‘the freshwater

allowxng for the lntruSLOn of saltwater Lnto the aqu;fers.




.~ tion and ma1ntenanc¢

L Thereforeru

~

A

The dredqlng act1v1t1es 1n the Delaware Rlver 1nvolv1ng the

: clearlng and malntenance of shlpplng channels and. the construc-

of harbor fac1llt1es also has a: large d

}p0331ble affect on the aqulfers, espe01ally Rarltan Magothy

'._aqulfer._"‘

Slnce the Rarltan Magothy formatlon outcrops underneath

\

“the Delaware Rlver the malntenance of a shlp channel to a

ﬂ"depth of at least 40. feet can cut lnto the Rarltan Magothy,

: allowxng rlver water and lts pollutants to flow unlmpeded

s

vlnto the aqulfer.

.Also, the 1mpact of dredglng lncludes

"placlngzof;dredge~sp01ISaon:the«landﬂwherezthe aqulfers

"outcrop.

The quallty of

groundwater 1n the Coastal ZOne has 1n

some areas:. been steadlly decreas1ng due to contamlnatlon,

 especially saltwvater

‘theffuturefwithfthe

v”‘dumpingrofhpollutant

.S;

1ntru51on.- No change is: expected in
contlnuance of pumplng of water and

Contamlnatlon of water supplles of

' the\heav1ly developed Coastal Zone. 1s where salt lntruslon

1s most llkely to oc
:u»some csmmunltles w11

'"demand; PrOPOSEd<Sl

cur.' It 1s possmble that ln the future
l not be able to meet thelr own water'

udge landflll sxtes and contlnued hazard

dumplng of chemicals WJll.pose other groundwater problems.

theﬁneed

-managementhorrour%g

exlsts for more careful plannlng ‘and -

roundwater resources.

)
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REGIONAL REPORTS
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I. HUDSON RIVER

A. Essex County

Physical Characteristics

- Groundwater in.ESSex:Ccunty'occurs-in.joints and:fracr'
tures‘in,cgnsclidated-rOGRS«ef the BrﬁnSwi@k Formation and
invthe-voids éf~unconsalidated*stritified drift deposits.

Rocks ofvthe'Brunswiéngcrmatidn'and Saﬁd and gravel of
Pleistocene age.ére=the-mainvs§urce Qf‘grbﬁndwatef in Esséx
County. They are generally capable of sustaining moderate to
large yields to wells. | | |

Except for hardness and local sa1t¥water ¢dntamination
_water'from‘these.rccks,is,acceptableafbr consumption.

In the Newark area, salt'Water~contamination has seriously
impaired theﬂqaality of,groundwéter,and chloride concentration
~are as high as 1,900 ppm.

Unconsolidated sediments of Pleistaééne-age mantle the
bedrock throughout much of Es$exﬂCbunty} Water‘oécurs un&er‘
wéter‘table $5&£éﬁfesian%Conditions- Water tébleICOnditién
occurs where sand and gravel deposits are not covered by
¢lay;vsilt, or glacial till and are exposed at the éurface,
They are»cbmmonly;less than:zc,feet thick and do not yield
large quantities of water. They are*récharged directly from
precipitation on the outcrop area;..Artesian'groundwater’
od#urs where sand and gravel deposits have béen covered by
lake or silt, or by glacial till. These deposits arevlargély
~confined to the buried vélley,so,they‘are not:visible~on the

surface and their regional extent and distribution are
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. or less.

” stherefore not”readlly apparent. They arexrecharged%by

' leakage through overlylng conflnlng beds and by prec1pltatlon o

j.falllng on outcrop areas out31de Essex County._ Somevrecharge-

”,may:also befderlved from the underlylng and adjacent Brunsw1ckl' 

~ Formation.

 The average yield of 27 large-diameter wells is 908 gpm

'~Whichfmakesnit the-ﬁestsproductive’aquiferrin EsseX'ceunty.
Water ranges ln hardness from 104 ppm to 212 ppm. Mosti'

vfa.of the samples analyzed had sulfate concentration of 40 ppm

-:or»lessy chlorlde —ll.ppmtand»nltrate concentrat;ongoﬁ 3,ppm N

ﬁ-Anal:s;s_»d'“

Groundwater has hrgh chlorlde concentratlons in areas

.rﬁn0£‘relat1vely'heavy pumpage 1n eastern Newark adjacent to o

| Newark Bay and the Passalc RlVer. Heavy greundwater w1th-'

drawals have lowered the general water level ln these areas,;-‘

-dreversingfthefnatural gradlent between the ground and surfaCe
’“waterrbodies¢»and'have 1nduced a-flowsofusalt water'from'the'
,riverjandlbayfinto the underlylng water-bearlng formatlons.,

| Afprebable;contributlng factor 1n salt-water 1ntruslon is
‘l‘theudredging;ef:shlp canals in Newark Bay and ‘the Passalc’ “

: River;Z In deepenlnq thesescanals, sem1mperv1ous Recent and

T”Plelstocene sedlments were removed whlch had acted as an -

efvlmperfectibarrner*tn the 1nf11trat10n of salt—water.,-.i
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‘The.mOSt highlytdevelopedbpart'of thesvalley - £ill
aqulfer system is. in western Mllburn and southwestern L1v1ng~’
ston. Four well flelds tapplng the Plelstocene sand and
gravel are located in an: area'of leSS'than 4 square miles.
with such. spac1ng of wells and contlnued heavy development
has, naturally, lowered water levels in the aqulfer in
addition withvreductlon»ln the amount'of avallable recharge'

and extended dry perlods, especrally from 1961 to 1966

The locallzed hlgher ooncentratlon of sulfate, chlorldev_'
and nltratersuggests a'lowegradeﬂpollutlon»problem; probably -
resultlng from elther sewage or the use of chemlcal fertl-v
lizers in. the area..

B.'-Rahway.Area

Phy51cal Characterlstlcs L

| The: Rahway area occuples 67 . square mlles of the. Pedmontv
- Plateau- and Coastal Plaln.b Groundwater in the Rahway area
is- stored in the glac1al drlft, RarltanhFormatlon and the
-Brunswick Shale.d | | |
Brunsw1ck Shale ylelds water from fracture openlnés and
from pore spaces ln the 1nterbedded sandstone._ The averageve‘
, yleld.of WellS'lSs75 gpm.. leelds of wells larger then 6vt‘
inches in dlameter‘average 140 gpm.. Rlcharge to the Brunsw1ck‘
occurs through the hydraullcally contlnuous overlylng drlft
.Both water-table and arte81an condltlons exist ln the
Brunsw1ck Shale; Arte31an condltlons occur generally at
depths greater than 100 feet, water*table condltlons occur

at. shallower'depths; Groundwater is locally hlgh ln sulfate,r

dlssolyed sollds, and hardness. -Bracklsh:water LS'contalned_




sih;theéérunswickQShale along'the tldal reach of the Rahaway

h Rlver and northward

The Rarltan Fo
southeast corner‘of
-mlles. Theﬁkarltan

of;abourfioO;feet’l

averagefyieldiefflz

‘,,of the water is: goo

along the Arthur Klll. e
rmatlon overlles the Brunsw1ck in the wf

the area. and covers about 9 square

n~th1ckneSSyLnathe~outcrcpzarea.;_Theg.w

d: for mcst uses wrth the exceptlon of -

. salt—water encroachment adjacent tc Arthur Klll.

Glacral drlft mantles the Brunswack Shale and the

”l?The drlft has an av

stratafred;drrft'fl
Zf‘cnlyiimpbrtahtfaqul
*;:avéragesyiéldtis?37
T'drlft is to absorb,|
. lYlng shale whereve

The quallty of

""threat of salt—wate

. and: high tldes encr

.Anal;SlS‘

If addltlonal

";aiafthevRahwaY"areay

. reduced, and 1ntrus
Brunsw10k Shale, ov

>h'levels:lnathersourt

L Rarltan Formatlon and forms the land surface of the area.

rage thlckness cf about 25 feet. The

- theyrarethydraulicallyﬂcennected.;
oachlng farthest 1nland.;;‘
ex1st1ng supplles would prcbably be-

heastern half of the area. To 1nsure a

”55”27755fhh:

Formatlon 1sna serles of clays and sands

linaustrialawelIS‘isfss gpm. 'Thetquality‘

1ling: the burled valley in Rayway is- the.,‘
fer of Plelstocene age 1n the area. The,.
O'gpma. An rmportant functlon of" glaclal

stdrewvandutransmlt,water to the,under-
Water”isxgced;thWever there‘isfpctehtial
i encreachment durlng extended dry perlods
largelgroundwatervSupplies‘are~developedﬁ"

lon of salt water could result. In the

or: development would greatly lower waterihl_



supply;oflfresh groundwater“in the.Brunswick.Shaleg‘Qells
‘should‘be"located<wherefthe-piezcﬁetriC‘surface is 20»feet'
or more-abcve sea level.. Salt water would not be expected
~at depths of less than about 800 feet ln such areas, hcwever,e
thls should be verlfled by test drllllng prlor to any addi-
tional large-scale development. i
Further development of groundwater from the Rarltan
:Formatlon is limited by the danger'of salt-water lntru51on.
The pumplng"of wells along theﬂArthur Kill, forced many
lndustrles to obtaln water from lnland publlc-water supply
companles because of drawn ln salt-water Further pump;ng
would;fellcw-the'salt—water}1ntruslcn path-scutwestﬁard'frgm
Sewaren Where'thesRaritahuFormat;ch;ls;expoSed.toathe Arthur
Rill, L TR
'Salt;water-ccntaﬁlnaticuucan:Ochr'in theﬂqlaCial'&rift’f
along. the river banks durlng hlgh tlde 1f w1thdrawal of
4ground-water from stratlfed drlft and the Brunsw1ck Shale;
should lower.groundwater levels below rlver'level. .Rlvery:

.~ water would, then, seep into the groundwater reservoir.
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=f7Formatlon, and the

Amf Monmguthacount?,g

' 2. North shore

Phy51cal Chara

cteristich”

: The pr1nc1pal

' the»Rarltanvand<Mag

aquifer5~undefiyingutheeCOunty:occur'in»e

othy Formatlons, ‘the: Engllshtown Formatlon, .’»5‘ ¢

theTWenOnathormatlon and Mount Laurel Sand,'the Vlncentown

Klrkwood“Formatlon; 'They'crop'out~1n'

T'”bands trendlng northeast-southwest and slope downward toward o

the southeast;» Thlrkness, pumpage, and water—bearlng char— :

Vw‘acterlstlcs of thes

oaquifer

e: aqulfers are summarlzed 1n the table 4.
1958 .

o Thicknesef Pumpage~1,'-1 Water;Beatihg:

‘Qj(feét)‘ _(mgd) __ Characteristics

Rarltan and Mogothy 'ieo:25-70 12 3 Moét'important aquié-

Format;onsaf“

f  fers. Ylelds range o _

to large-dlameter wells..

’f"EﬁgliéhtownyFormetionf" 30+5aijfj‘u4;0,erax1mum reported yleld

'_640 gpm;~vAverage yleld-
}to large-capaclty wells. [,“

410 gpm.

i Wenonah Formatlon aﬂdﬁ_*u30+50o_,"'o.65’”Con51deredjaisinéle'aquie

t Mount Laurel Sand‘v’ : gro‘fof o 'fer?-7Aﬁera§e”yiéldﬁlO~

 Red Bank Sand.

 gpm.. MaXiﬁum‘reported’ o
beieldf335;gpﬁa‘ 
40 - yields range from 3 to

: 30igpmoto?domestiozwells; :
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Vincetown Formation ~ s50-110 - Nume:ous;domestie wells
| e taputhis;eqdifereyie;ds
vrenge-from_ldvto Sd»gpm.
Kirkwood Formation 0-79 1.5  vields range from 15 to
“ | 1,200 gpm.
Source;--Specialeeport No. 23

AnalH51s

Locally the Raritan and Magothy Pormatlons may be in
-ﬁydraullc connection w1th the Atlantlc Ocean and develepment‘i
could be limited by the threat of salt-water encroachment.
| Stud;es lndlcate that salt—water 1s present in the oceanward
extens10ns.of the aqulfer. Water samples from a test well
-drilled,ebout;zo‘miieSgsouth.Qf SeafGLrt lndleated-salt—
-weter ccntamination ef-the.lower~patt of‘this equifer.‘
. Until the-actual*locatioﬁ.of‘the salt water in"the‘aqnifer‘
to the east of the county is known, development should
proceed: with extreme caution.
The4area"most~fav0rab1e_for-additional deVelcpment ef
the.Rariten andiMagbthyzFotmetiens prebably'is the'western
part of the county, where-pumpeqe would aggratate the salt—‘ 
water'problem‘less'than would:the same intensity'of_&evelepment
in the eastern part of the county. Salt water probably ls
advancing toward coastal parts of the countySLn response to‘
existing development. \Increased-development alongtthe eoast
would accelerate the rate Of‘a&vencement tewardlthereeast |
: mﬁch*more thenywouldlthetsame;intensity'of’develepment iq]
the western part of the-eounty; 'Jersey'Centralirower;and:

- Light has wells on Coniskunk Point which originally were
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\

- fresh water but have turned salty. Thezvillageeof,Keyportrv

placed thelr productlon wells too close to- the ocean and
they are now very ﬂlgh in chlorlde. The area most favorable

|

for addltlonal development of the- Engllshtown Formatlon and
\

Mount Laurel Sand ns locally in the v1c1n1ty of thelr outcrOp

\
areas southwest of mhe Sandy Hook Bay where water levels are

o )

f‘hlghest and the thrLat of salt—water encroachment is . less.
A number of the mun%c1pallt1es in. northeastern Monmouth

- County- have been granted diversion: rlghts for wells 1n the¥
:;lEngllshtown Formatlon.whlchufaraexceeduthefabll;ty,of this
formatlonato~replenlsh‘itself’in the-areafofugreatest=use.r
Newer wellslare5g01ng to deeper formations W1th the same
‘51tuatlon occurrlngmzlf not . properly controlled. : -

*_lhe)RedﬂBank:Sandﬂmayfnot;beapractlcallto attempt to

- develop large-yield wells: from this aquifer. However, wells

”located nearrstreams.or:ponds,thatmare.in'hydraulicnconnectiOn.'
"with.thenaquifernmay permitzlargefyieldsr assuminc that'thevi
streams:or'ponds are=freeuof‘contamination. o

Probable favorAble addltlonal development in the aqulfer
‘, of'thefv;ncentown;Formatlon occurs: locally in the v1c;n1ty

3 offthe-outcroplarea and away from the Atlantlc Ocean.

:The'Kirkwoothormatlons:underllessaboutz25-percent.of”:

.y-Monmouth County and. makes up the prlnclpal water-table

7'aqu1fer in the: southeastern part of the county. Favorable

' f.addltlonal.development in. areas where its: saturated thlckness.

llﬁvls.at.least.30 feet andwremoteufromasallne:surface—water




FE

The hydraullc characterlstlcs of the suboceanlc extensrons

ef these aqulfers have a greater 1nfluence on aqulfer response =

to pumplng near: the coast than to pumplng lnland from the. '
coast.‘ Because much ef the heavy pumplng ls along the
ceast, the lack of Lnformatlen of condrtlons off shere ls o [

SN

: unfertunate.v

Of the varlous aqulfers w1th1n the,county three’are of

major. 1mportance. The rocks of the Newark greup are the L

-pr1nc1pal source of groundwater ln the northwestern part of

~ the countya The Old Brldge and Farrlngten Sands, both

members ef the Rarltan fermatlen are. the prrncrpal seurces

of water SUPPlY in the southeastern'twe-thlrds of the;“*4

“The ether aqnlfers are: ef relatlvely llttle lmportance o

,elther because of the llmrted area 1n whlch they are avallable o

'or because they are not capable of yleldlng substantlal
t'supplles.ﬁrf7.’f,s r,_r'f ‘f%lv“  :ahﬁeJ'5v.”fff_;,v
o The Cld Brldge Sand crops out‘or 1s exposed beneath
,.permeable Plelstocene depesrts 1n an 1rregular band that
extends frem the Raxltan Bay near South Amboy te and preb~v
ably beyond Jamesburg. The thlckness range from 80 te llo
ffeet. The dlp of the»sand.ls varlable but rt averages -
apprerlmately 40 to 45 feet.per mmle to the seutheast. The o
water from the Old Brldge sand 1s excellent for most uses.
.Iron removal plants have been 1nstalled by a number of the

'larger users: of water from this sand. ,3-7
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'The~Farrington}Sand oCcurSubothunorth~and south of the

Rarltan Rlver and probably across the Arthur Klll on. Staten

‘Island. It.crops out in a band nearly a mlle wide along the

southeast edge of Farrlngton Lake where several sand plts_

,‘glve a good,opportunlty to: examlne lt. The.fullvthlckness
" of the sand dlps to‘the southeast at. the rate of about 55

feet per mlle.. he uncontamlnated water from the Farrlngton

Sand ls exceptlonally good for'most purposes. The only

'”feature of thls water that 1s\somet1mes objectlonable in its

. 1ron content.‘_ v"

The Tr1assrc rocks in: New Jersey belong to the Newark

' group whlch ls lelded lnto three formatlons.v Stockton

| B
.formatlon, the Lockatong formatlon and the Brunsw1ck formatlon.

: All the sedlmentary rocks»of,the.Newark,group d;p to the

‘northwestaat*anglesnofiSO:tovlsﬁr Withjthe;e2ception of the

h‘watersthatfarefcontaninated:hY'fhé*intrusibh*Ofrsea.water,
:Lfthe water from the Newarkfgroupgis,more hiéhlyjmineralized
‘ffthan any ‘other groundwaterfobtainedfin.MiddleserCounty;.
Thevwater isfhigh invcalciumrandrmaénesuimfand.the{hardness-v

: ls therefore hlgh.\\Aisoathere~are=high'quantities of(iron;}'

Anal;s1s

There appears ‘to be danger of salt—water 1ntru31on lnto-

the Old Brldge Sand at. two pOLnts.' At the South.Amboy Water -
ohWorks where the San? is exposed.to ‘salt water in the Rarltan
_;Bay.andvlnuthe~v1c1n1ty»of Old“Brldge-where salt or bracklsh-.
’.water in. the South Rlver comes:- 1n contact w1th its lntake :

}area. There is no w1despread salt-water encroachment problem ‘

however, the. 1nten51ty and dlstrlbutlon'
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pumplng has ' been,llmlted by the threat of such encroachment.
Infthe=vlc1n1ty of Parlin there ‘are areas. in whlch the Old
Bridge~sand:has been contamlnated by lndustrlal wastes,

Wldespread salt~water encroachment in the Farrlngton‘

~Sand Member has caused numerous wells. to be abandoned  The

three~pr;nc;pal places where salt: water has entered the

-Farrington>Sand are near the confluence of the South Rlver

“and the Washlngton Canal, about -a mlle downstream from the

confluence of the Washington Canal and ‘the Raritan Rlver,

’ andsnear the:mouth of‘the'Rarltan Rlver;‘wThe greatest

- advance of salt water hasfbeen_invthe-area south of Parlin.

If not restricted, the encroeChment of salt Water threatens

. to render a conSLderable part of thls aqulfer unflt for use.

in most of the area south of Parlin. There lS overpumpage
and the salt~water encroachment problem 1n the Runyon well

fleld

Industrlal pollutlon around Runyon and pollutLOn from '

land fills in the South Brunsw1ck V1c1n1ty as well. as 1solated

cases of septlc system pollutlon are the threads of further

degradatlon.of water quallty in the Mlddlesex County

| ._';‘:‘3,4‘: -




| 3. Central shore

!
Ocean County .
.Physical;CharécteristiCS; ‘

= — e _ . |
Groundwater  in: Ocean County is obtained principally

frommfour’artesianﬂéqﬁifer:sjstemsiand;azwater—table-aquifer;
The artesian aquif%rsrin:ascending_stratigraphiciorder are:

the.Raritan.and:Ma%othy FOrmatipns,‘the:Englishﬁown FOrmation,v
the=Wenonah,Format£on.andeMount.Laurel,Sand, and the Kirkwood

Formation:. W

The Raritan<angiMagqthy‘Formations of Cretaceous: age
fOrm:anmartesian~aqLifer:system»GOOitO:24000:feet thick.

Wellﬂyield;of?500‘towlyOOOSme;(gallonS‘per minute) can be

|

expected, but:yieldfzas:high;as»l,BSO'gpm'have-been obtained.

Recharge=to:the‘aquﬁferszoccursrfrom:p:ecipitation,'mainly

|

in the highalevelsiptake:areaufromiTrenton northeast to

Metuéhen“in‘northerk;MiddlesexzCounties as well as from

4

vertical leakage. Potable water in the aquifer system is
soft.(28ito~51ppm'Lardness) and is:generally high in iron

|
content (0.66 to 3.2 ppm). Temperatures of 70° to :90°F make

the»water‘less.desirable than: shallow water for cooling
purposés; In the‘southérn part of the county, saline water
iS»contained‘below~%,500wfeet‘in depth in the Raritan and
MaqothycFormations,iso.wellszapprqaching.this,depth ma&

include saline water. The salt water-fresh water interface

zone»inathe.Raritanwand,Magothy Formations trends through -

. |
the‘Island'Beach;St%te-Park‘area.
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Aquifers:‘ u, undlfferentlated water- table aqulfer, K, aqulfer in the Klrkwood Formation:
;V,_aqulfer in the Vincentown formatlon; w, aqu1fer in the Wenonah Formatlon
 and MOunt'Laurel.Sand; E, aquifer in the Engllshtown»Formatlon;.R,.aqulfer in

the Raritan and Magothy Formations.

'iArea_ B B . Aquifer RN R Availability of ground wate;.

"1F‘~Summervéoesta1 Resort - :‘  'K? ‘ .: E K, ylelds as much as 500 gpm.- Bsed for publlc
| | | e | supply. Potentlal sea-water 1ntru51on as. water
levels are below sea level. Summer pumpage, 5
mgd. R and~conte1n sailne»water, E;ew,.aﬁd-

.V are absent

2{ *UndevelOPedaPine'Berrensl R,K.ﬁ» | o R, ylelds as much as 2,000 gpm p0851ble.» Selipe'e'-

| | B | AT hater in southern part of area. vK, well yielqs:.
.1ess than in Area 1. Wate:.lqcelly,aeidie'and

-_high in ian’content‘U,'Yielde-as.muchﬂasvl'OOO:wr.

;qph‘pdssible.' Water may be hlgh in iron- content,;f’

a01dlc and odorlferous. E. w, and v are_absent._
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R,E,W,K,U R, same as in area 2. Pumpage 5 to 8 mgd. E;
yields up to 500 gpm. Highly devéloped. Pumpage,
e,.mgd. - Sea-water intrusion possible as watef
levels have declined as much as 90 feet. W,
yields less than 100 gpm. Relatively undeveloped.
Pumpage less than,l mgd. K, yields up to several

‘hundred gpm. U, same as in area w. V, absent.

3. Urban
4. Rural
Source:

R,E.W,V,K,U Small amounts pumped for domestic use. R,E,K, and
W yields up to several hundred gpm are possible.
Table 3 - Summary of aVailability of ground water in Ocean County.
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The.aqulfer ln the Engllshtown Formatlon produces
v maxrmum well ylelds of less than 500 gpm, and the average is

260agpm.' Recharge~tovthe-formatlon occursupredcmlnantlyv

from vertlcal leakage down through the overlylng younger f

formatlons ln the topographzc h;gh areas of Monmouth and

Camden Co ntles, 5 to 10 mlles southeast of the Engl;shtown S

N @utcropgarea. Water from the Engllshtown Formatlon.ls soft L

’_from 7 5 to- 8 3 The aqulfer th;ns to the southeast and 1s -
"absent 1n southern Ocean County.”: |

The aqulfer of the Wenonah Formatlon and Mfﬁﬁt Laurel

',tySand ylelds small quantlties of water t. wells (less than

100 gpm) and 1s relatlvely undeveloped in northern Ocean

H*County, however ls capable of furth’ rdevelopment. Thgilt‘

:water is generally soft It oonval s

locally; Downdlp, the Wenonah Formatlon and Mount Laurel
Sand becomes a. conflnlng bed
_ a The Klrkwood Formatlon 1n Ocean County has wells that
iy&elds as. much as 1, 225 gpm, but the average is about 420
f gpm. Recharge to the Klrkwood Formatlon occurs ln the

Ttopographlc hlgh areas‘of the 1nner cOastal Plaln by vertlcal” -

“.leakage from the overlylng water-table aqulfer. Water from o

'the aqulfer ln the Klrkwood Formatlon lS sultable for most;
huses but may requlre treatment for removal of lron. It is
_generally soft to moderately hard (2 9 to 105 ppm: hardness)

and generally low 1n dlssolved SOlld content (4 to 180 ppm)

o~




: The water-table aqulfervylelds up.to 600 gpm.‘AIn:the#

VR '
e sparsely settled Plne Barrens, 0 6 mgd per square mlle theo—

;srectlcally can be w1thdrawn from the aqulfer w1thout depletlng‘}g[

"vfthe storage. Water from the water-table aqulfer has a low |

: pH (4 4 to 6 7), ,lgh 1ron content (0 09 to 22 ppm), and an
'junpleasantlodor.i_Near Barnegat Bay and on the barrler . |
beach, the aqulfer contalns bracklsh water. : | |

The Vlncentown Formatlon.whlch 1s tapped locally in the

s J[northwestern.part of Ocean County for domestlc supply could

h>{fylyld water 1n quantlty to large - dlameter wells near the

Pfgrfoutcrop-area, Elsewhere, 1t offers llttle potentlal for

The Manasquan Formatlon, Plney Polnt generally con51dered

 *”yan aqultard, but lt ylelds up to 500 gpm to wells along the

‘*uh,coast. Thls formatlon can be tapped further ln Ocean County
: B e

?v,ffor small to moderate water supplles.ifh<h"

Artes;an aqulfers of the,Rarltan and Magothy, Engllshtown,‘

‘T[fWenonah and Mount Laurel, and Klrkwood Formatlons and the .

/"'ilwater-table aqulfer supply the present water needs of Ocean\

’77_County Of these, the Rarltan.and Magothy and the water-

'5table aqulfer are the largest and least utlllzed ground-

"f*_water reserV01rs ln,the county and are the most sultable for =

‘ *ry}hfuture large-scale ievelepment, however 1n the southern

”“fyfithlrd of Goean County, all aqulfers 1n the Rarltan and

:'vpragothy Formatlons probably contaln salt watern; F'




The~aquifer~in'the-Enqlishtown Formation isiheavi;y
pumped 1n northeastern Ocean: County. In rhiS”area, water
'levels in- wells have decllned from above sea level to approx1~v
mately 200 feet below sea level 51nce 1900 hewever, there |
lS no evidence: that the sea water has intruded the ‘aquifer.
'The*KlrkwoochcrmatI@n'lsuthe mcst‘heavmly'pumped aqu;ﬁers
"on the New Jersey coast south of Manmouth CGunty.. Sinee
1900, water levels 1n wells. tapplng thls aqulfer have decllned,
to-asamuch.as 30~fEet.below-sea.leVel on,Lan=Beach‘Island.'
In the Point Pleasant area where ‘the Klrkweod crops out,
salt water was. found there. o

‘The water~table-aqu1fer:is pumpedvheavilyvin the Toms
'River'and Lakehurst‘areas,,,Further’@eveigpmenm-of.wg;ls'to
maximum capacity will substantially diminish .théf flow of
Toms River. Ground water pollutien in this aquifer occurs
fremﬁdﬁmping ofrchemicais@.amhefPleasant Plains-incident had

caused cldéing:of'ISO'domestid?wells.

/
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| 4. South Shore’

A. Cape May County

e PhySicaIQcharacteristiCS'

: Three main: aqulfers yleld fresh water in Cape May
\

| hf‘county, they are the unconflned,Holly Beach water-bearlng‘

'“zone, the Cohansey Sand, and the Klrkwood Formatlon.
The Cohansey Sand lS the most productlve aqulfer 1n _
7:Cape May County._ It,crops out along the: Maurlce Rlver 1n

\
;Cumberland COunty‘and ‘north. of the Tuckahoe and Great Egg

n:y:}Harbor"Rlversvln'AtlantlchQunty.v The pr1nc1pal hlgh-level

A'f recharge area for'the Cohansey Sand 1s not ln the outcrop

\
*area but ‘in the Belleplaln area: of Cape May County and is:

}

"E;recharged;byﬁvertlcal'leakage"from.the,overly;ng,Plelstocene

"'sediments.“ e

Water from: wel%s tapplng the Cohansey Sand have a. low

_tpﬁﬁandfare corr051ve in the Woodblne area. In the lower'

73npeninsular area of Cape May: County,. the encroachment of salt

fwater has lmpalred the quality  of water in the aqulfer.

|

- The Klrkwood Formatlon represents a thlck sectlon of

'[Lmarlne sand: and clay beneath the Cohansey sand. “The formation

v:contalns two conflned water-bearlng zones. The top of the
'vupper'aqulfer«Rlo~Grande;water—bear1ng‘zone:occurs frOm 2504
'r‘feet below mean sea levelfinwtheﬁnorthwesternﬁparthof‘the:at
!county to about: 600feet:beloWLnean=Seajlevel;in»the southeast:

'fat:W1ldwood¢“andztheVZOnetisfon;thefaverage,SO‘feet'thick;

=4l -



The lower aqulfer on Atlantlc Clty "800 foot" sand lS more
w1dely used and has a greater potentlal than the upper

aqulfer.- South of WlldWOOd it contalns water of hlgh chlorlde
) N

. concentratlon--more than 250 parts per milllon—and relatlvely

hlgh dlssolved SOlld content. Ylelds of hetween 500 to 800
'agpm are common from the Atlantlc thy ”Boe-foot" sand. The,',
umajor seu&ce of recharge to the aqu;fers in the Klrkwood

Formatlon.ls prec;patlon 1n~therouterop area.. 'he:areal '

o extent of ‘the outcrop of the Klrkwood Formatlon extends for :

"about 250 square mlles from Gloucester to Monmeuth Ceunt;es._“r

The aqulfer most sultable for future development 1s the o

‘»shallow unconf;ned Holly Beach water—bearlng zone.l It is
_;recharged by dlrect percolat;on to the water table.; The
| Holly Beach waterebearlng zone crops out in Cape May County ‘,f
in an area of about 160 square mlles, excludlng the land
‘area of the barrler bar from Ocean Clty to. WlldW@Qd and
oother-tldal~march»areas. In the lower penlnsular area of
Cape May cOunty, there is no chance for a bulld-up of fresh-
~water_headnln»the aqulferatouprevent'the;saltrwatﬁrﬁlnterfaae
fromfmoving inlana,‘ The~con$truction:oftwells-neer~aflakeh'}
or river where there ls a. known hydraullc connect;on w1th
the aqulfer afferds the Opportunlty to develop a large-v‘
capa01ty supply by 1nduc1ng lnflltratlon of surface water.ss

'.The water 1s sllghtly ac1d1c and hlgh in iron..




,.,;h?d;aullcrgradaents;

The heavy development,of the CQhansey Sand on the Cape f'

iplacess

'fo’May penlnsula has Iowered the water table below sea level in

ThlS has< eversed the vertlcal and horlzontal

:onttheflowen.penlnsulaw

‘“moving5to«thefcentersfofywithdrawal_at:RiolGrande and ‘Cape

..May Formatlon..

.(jff

) The w1thdrawals from ‘the Atlantlc City "800-foot"'sand

Cin. Atlantlc and Cape May Countles have reversed the hydraullc

- I
gradlentvand started a landward mlgratlon of salt water from

the-ocean.

The deterloratlon of water quallty'ln the Klrkwood.

gFormat;on ln the,lower penlnsular area of Cape May County is:

the result of salt~water encroachment caused by w1thdrawals

‘tfrom the aqulfers. f\"

The ma]or probl

em“dealing'withffuture.development‘of

vthe'Holly,Beachﬂwater—bearlng zone: is. the danger of salt~

water encroachment..

During severe: subtroplcal or hurrlcane~~'

‘type storms;, salt;spreysls‘dr;ven“apprec1able d;stances

inland in Cape May C

ounty.. Salt—water-flooding’in*areaS'of

lowfelevationnduring these storms is the severe and devas~

tatingftypezofipollut;onr

‘lutionxincludes;refu

Other locallzed sources. of pol—

se:disposal~51tes, septlc tanks;'

The- Cape May: Canal, whlch was constructed as a war—tlme

‘measure: durlng'the 1

12ffeet‘1n‘theAcente

940 = has lowered the water table about

r of the county and released several

bllllon gallons of fresh water from groundwater storage.

tThe canal created aﬂ lsland at the top of Cape May County

and 1ncreased»the danger*of salt-water encroachment lnto the

, |
‘funconflned aqulfer. |’
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5. vDelaware,Bayv

A. Cumberland County e

Physical Characteristics

_'Almost all water'suppliee;inicnmberland\eounty are
obtained from;wellsJtappingfshaIIOW:gréuhdwater supplies.
Most weils dbtain water from the . Céhansey—Kirkwocd aqﬁifer.

: Succe551vely deeper aqulfers occur in the lower part of the
Klrkwood Formatlon, in the Plney Point Formatlon, in the
Wenhonah Format;on-and.Mount.Laurel Sand, and_lnfthe Potomac
Groupuand”Magothy"and Raritan Formations}:iEach-of theée |
aquifers are-separatedxbyucoafiﬁing or semiconfining clay
'layerSaéf”varying'thiéknessesfandfpefmeabilitieS;
:The‘CohanSey~Kirkwooduaquiferihas_its,recharge aréa-in
theﬁnplandsvia~ﬁhe nertherngpartmofuthevcountyﬂand its main
'discharge*areas.arerin;the~ercdedmstxeamyvalleys andftidaii
,march areas along Delaware Bay. The groﬁndwater in £he__
'CohanseY?KirkaOd'aquife:'generally’is low'in7dissoived‘
sblids;.less than*lOOemg/lg hashaalow pH;(4;2 to_7;0f,"andﬁ7
is.geuallylcorroeive,' fhevwaﬁer’locallyvconﬁaihseobﬂecfioné
able: ’Con‘cénﬁraticns of ii'.on- (up to. 15mg :/'1_) , andvni" tr.fa'.t,_evv (up
to 65 mg/1) . | s e
- The second mestvimportantfseuréetOf'g#oundwater»in

Cumberland County-is~thee10wer'Kirkwood,aquifef; Most
recharge‘to the lower Kirkwoodvaqﬁifer prebably comes from
vertical leakage frbm‘the~everlying~Cehansey—KirﬁwoodjaQuifer
in‘theaWesternsﬁartroffthe;coﬁnty;' Thevqualitnyf watet'in'
this: aqulfer along the Maurlce River: and Delaware Bay 1nd1cates>‘
that the: potentlal fcr salt-water lntxu51onfls mlnlmal.under |

present rates in. Cumberland County._g




}
k
|
|

The Plney Polnt Formatlon, underlylng*the Klrkwood

'h‘Formatlon, is a: mlnor aqulfer in: Cumberland County

The aqulfer ln the Wenonah Formatlon and Mount‘Laurel

f”4fgySand offers a. potentlal source of addltlonal freshwater

o 7supplles ln Northern Cumberland County. Thls aqulfer lS not;"

L i
~;presently utlllzed ln the county, however, because adequate

755‘supplles are avallable from much.shallower aqulfers.. Water

:~i?}qual;ty‘1n the,northern part of the county, where water “”‘.'

'fflevels Ln thelwenonaheMount Laurel aqulfer'are.well-above<‘

#: sea level, ls=very qood as: lndlcated by analyszs of ground

b'aff-water 1n nearby Salem County f The water becomes more salty

vf;toward Delaware Bay;f_f; ;,wlfﬁ

Aqulfers in: the Potomac—Rarltan-Magothy sequence contaln‘.f~‘~

ST |
“.,gsallne water and ‘are: not,currently utlllzed ine Cumberland

Groundwater supplles have been contamlnated 1n a few f"h

fareas ln the county largely as. & result of the leachlnq of

- agriéultural&fertillzers and the lmproper dlsposal of lndus-t»

;'"Vtrlal wastes and domestlc sewage. Practlces and processes

T

”"7f;that lead to contamlnatlon of groundwater supplles are:

" poorly managed landflll~and excavatlon'operatlons,,leakage -

_Tij soluble sewage wastes from ceSSpools and septrc tanks.

"3'Contam1natlon problems have been reported ln several shallow *s-~"'

f‘wells from several oE these sources ln Cumberland County.n_fwﬁ'

s

K



'h-SalteWater»intrusion may'occurfseasonably in“low—lyingﬂ
areas where shallow aqulfers are hydraullcally connected to
»Delaware Bay-or other salt-water'estuarlese Because of

Tgreater groundwater levels from pumpage 1n summer than ‘in

cw1nter, water qualaty 1n many shallow wells ‘near the tldal

’ .‘portlons of COhansey and Maurlce Rlver probably deterlorates o

seasonally. For such areas groundwater'dlverSLQns must be
carefully monltored to avold damage to the watar supply

Mlnor lntruSLon problems have occurred seasonally 1n centersf'7
of pumpage near the Greenw;ch and the Port Norrls areas and |

'along other tldal lowlands near Delaware Bay

B.} Salem County

‘ Phys1cal Characterlstlcs.

The 1mportant aqulfers ln the Salem County oct;r71n thea

_Potomac Group and Rarltan and Magothy Formatlons, Wenonah
. Formation and Mount Laurel Sand, Vlncentown Formatlon,f‘”ﬁ
":Cohansey Sand, and Cape May Formatlon.y Separatlng most of
these aqulfers are conflnlng layers composed of clayey
d materlals. | : 7 _C' | | | |
The Potomac Group and Rarltan and Magothy Formatlonsih
h vcontaln the most productlve aqulfers 1n Salem County. They
: crop out ln Salem COunty adjacent to the Delaware Rlver ln a
lQ-square mlle trlangular area thatlhas a maxmmum wldth of 3‘f
mlles. These unlts underlle approx1mately 24 square mlles
’of the Delaware RLVer and extend southwesterly lnto the

'*:State:of;Delaware; In New Jersey, they‘dlp to the southeast




|
}
,

1

h'.ijhe comblned thickness of these formatlons in Salem County

- ranges from. 200 feet in the outcrop area. to: about l 000 feet

"'jﬂor more‘downdlpu' Reported ylelds of wells: tapping these

”fg“aqulfers range: up. to 360 gpm. The hlghest ylelds commonly

{occur where. the system has dlrect hydraullc connectlon w1th
‘f.the overlylng Cape May Formatlon near the Delaware Rlver.
»Chemlcal analys;s 1nd1cate that most of the water from parts

7.{of the aqulfer not: contamlnated by salt water is of good

chemlcal quallty.,'>.

i The aqulfer ln‘the Wenonah Formatlon and Mount Laurel -

'°fSand is the second mosthhlghly used aqulfer in Salem County,'

"and is an 1mportant source of water for future developmentt

~l;Ground-water recharge to this aqulfer in Salem County,
iyeydowndlp from the outcrop, is derlvedomalnly from vertlcal
dz];leakage from overlylng,aqu;fersr;,The,comb;ned»breadth;of.'
'1;f;outcrop for the. two formations.varieSﬂfrom l‘to 3-miles in‘,:

o"ftSalem County, and thelr total thlckness is not belleved to

’lfpexceed 120 feet.. Reported ylelds of wells range up- to 507

%:ng?g Water from thls aqulfer ranges from soft to very hard
v_fandhrs commonly‘hlgh‘ln 1ron,_ Salt-water lntru51on, probably
'rdfrom the overlylng Vlncentown Formatlon in. the v1c1n1ty of
"ﬂqthe Clty of Salem lJ lndlcated by chlorlde concentratlons up

'"fato 396 ppm.’

The aqulfer 1n\thefVincentowanormatiOn-is.an important '

"aQulferrln'part;of Salem County. It lS capable of supplylng

'f'fconSiderablyﬂmore'water than is now. belng pumped and hence

"~fiséah'importantjsource for future groundwater development.v_
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_Reported ylelds of wells tapplng thls aqulfer range up to
270 gpm. - The water 1s hard and is moderate to hlgh 1n 1ron'
content;. Salt-water lntru51on is 1ndlcated by chlorlde
concentratlons of up to 2 850 ppm. . | e ‘{ T ' g -
) The Cohansey‘Sand, whlch underlles about 25 percent of
saiem County lS composed of hlghly permeable materlals and
hence is capable of transmlttlng large quantltles of water.'}'
Itris an 1mportant source for future groundwater developmentr h
Itiis rechared by prec1p1tatlon on 1ts outcrop ‘area. The
formatlon ranges in thlcrness from less than l foot near the
western edge of Lts outcrop area to a known 82 feet and a
p0551ble 200 feet in the extreme eastern part of the county.
‘Water ln the aqulfer is qenerally soft and sllghtly m1neral-
‘1zed. However, iron and dlssolved carbon dedee are commonlyv
'»present in objectlonable quantltles.uh R |
The Cape May- Formatlon of Plelstocene age is an 1mportant
aqulfer in the Penns Grove—Deepwater area where lt ylelds up
to l 500 gpm:- to Ranney collector wells. The Cape May For-
- mation crops out adjacent to the Delaware Rlver and its
trlbutary streams and underlles about 85 square mlles of
Salem County.v The formatlon is as much as 150 feet thlck in
‘the southwest and about 30 feet thlck along streams in the
interior of the county;. Where Plelstocene deposrts are not

thlck enough to functlon as: an. aqulfer their chief hydrologlc

functlon is: to absorb prelepltatlon and transmlt 1t to-

underlylng'formatlons..l




T
R
r

Flne srlt and clay of Holocene age occur ln tldal flats

jand stream channels in Salem Countyvz Along the Delaware }f'~**
'7VR1ver and lts trlbutarles these relatlvely lmpermeable

‘.;'materlals retard the movementtof sallne surface water lnto ‘

1the water-bearlng sands of the underlylng materlals.;f

7Analdslsv/

\
|
|

A decllne in water levels 1n the aqulfers of the Potomac;
':Rarltan, and Magothy has resulted from heavy pumpage from
thlS aqulfer system ThlS pumpage has s1gn1f1cantly modlfled
'7;theanaturallpattern of ground-water movement ln the system.vtf
'Whereasfqronndwater dlscharge was orlglnally to the Delaware
'jﬂRiverrand.itsdtrihutory streams, it is now to- centers of
| pumpaée.:‘M0vement:of water toward centers of pumpage has
hcreated the: danger of salt-water encroachment lnto the
: aqulfer from the: DelawarerRlver:andtltS'trlbutarles as welld
:'as from downdlp areas where the: aqulfer already contalns‘
v:sallneawater. The cccurence of: sallne water in the aqulfer o

)

s 1nd1cated by chlorlde concentratlons ln the Salem Area

. and,at CarneyssP01nt-- Several small areas of salt—water

encroachment from the: Delaware Rlver have been developed in

the Deepwater area.. Thls does not represent a. massrve ‘i//

1ncursmon of salt water lnto the aqulfer but lndlcates that

|
rlver water has access to: the aqulfer.\ The;layer of s1lt,

andhorganlc;muckfln the bed of the Delaware Rlver and in the
, e aite A

".tidalfpartshofgtributarles to the Delaware llmlts the rate

‘atlwhich salt.Water can. enter an’ aqulfer. 'Therefore,‘lt-ls

yextremely 1mportant not.to remove 51gn1f1cant thlckness of

|

" these protectlve materlals.»?



Salt water may 1ntrude the Cape May Formatlon along the .
Delaware Rlver and.along tldal reaches of its- trlbutary
stream5‘1£'the fresh-water-head 1n the aqulfer ls-lowered
suff1c1ently near places where the Delaware Rlver and the jj'

 -Cape May Fermatlon are hydraullcally connected Because

'tlens, water of peor'qu:slty enterlng the Cape May Fermatlenr,

could harm the underlylng productlve aqulfer.. Future greund~,
water w1thdrawals aleng the Delaware Rlver should prcceed |
with care to avert further expan51on cf those areas rn whlchvl

Isalt—water encroachment has taken place and to prevent

’ iestabllshment of new areas of encroachment. S




”’Vf;almost‘anywhere.ln t

'ﬁ‘ggo 2 to 3 2 mlles wid

ulfcover about 32 squaz

o matlons.

Do
B
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6 1

Delavare River Water Front

eGloucester*Counw

tY .

Phys;cal Characterlstlcs

- q; There are four

a_iof water can be pumped economlcally.,

'T,Magothy Formatlons,l

:qFormatlon and Mount

aqulfers where moderate to large amounts

Ny

-Theyrare:, Rarltan and
the Cohansey Sand, and the Wenonah

Laurel Sand

The Most 1mportantwand productlve aqulfer ls the Rarltan

ﬂ‘and Magothy Formatlons.

'f]of the groundwater l

‘l 400 gpm and large

“;;present 1n the sout}

The Rarltan,anc

3-*:The formatlons undex

1sed ln the county.,

The aqulfer‘yields about 75 percent
Wells YIGld up to ff3
capacrty wells usually can he drllled

he county, however hlgh chlorldes may be
1eastern parts of the county.a j:oe

1 Magothy Formatlons cr0p out 1n a belt

le adjacent to the Delaware Rlver and

e mlles of surface area ln the county.:”it

lle the Delaware Rlver and also crop out

":1n Pennsylvanla.v‘hjif79 =

In the outcrop

area two water-bearlng zones are ldentlfled..

”’The upper zone, usually arteSLan, lncludes the water~bear1ng

'ebeds in the upper 120 feet of the Rarltan and Magothy For-»

The lower

zone 1s always arte51an 1n Gloucester

r=C0unty and ls compoeed of the water—bearlng beds ln the w0

fiflower 200 feet of th

B

e formatlons.‘"




The—Cohansey‘Sand‘is;the‘second»most impertant aquifer
in'the é@ﬂﬁtytand,haSrthe'greatest.potential forrfuture
development. The formation’orOpsbout of ahout 150 square
mlles in the sparsely populated southern half of the county
| and ylelds of 800 ‘gpm: are pQSSlble from wells less than 200
feet deepss The Cohansey Sand dlps about 11 feet per mlle |
hand ranges-ln thlckness from a few feet 1n the outcrop areah
to 130 feet at Newfleld. Rechar;e te ‘the Cohansey Sand is
'from preclpltatlon on. the outcrop area and groundwater
-mOVement is: effected to some extent by the topography. From
'the=h1gh~level 1ntakerarearnear‘Gross‘Keys-some-groundwater_
moves south and disdharges_into the Great EggvHanbor Rivef ‘

and some moves west and discharges into the Maurice River or

' 1ts trlbutarles.

The most unde51rable feature of the water in thlS
'formatlon.Lsfthe~1ronucontentqfor‘whlch the water must be
treated,‘ | i |

”The WenonahnEofmation.and,Mount‘Laurel sandlare.capable
of yielding 100 to 200 gpm to wé,l-is] in the area between
Pitman'and Turnersville;: The outcrop ranges in width from
0.3 to 3 0 miles and covers about 300 sgquare mlles.'hThe
comblned thlckness of the two. formatlons ln ‘the county
ranges from less than 65 ‘to 95 feet._

ThevWenonah Formatxon~and MountiLaurel"Sand’is_recharge&
mostly by leakage through the overlylng formatlon. No
SLngle chemlcal analy51s may: be con51dered typlcal of water

‘.from_these:fermatlons. Locally, two mlles east of Wenonah,

rhthe outcrep\area well ylelds.water'that,contalns more

| *tnthan lOO mq/l each of chlorlde and nltrate. F




| "Lareas.--'”

o
e
I

I

is 1nfluenced by the quallty of the Delaware Rlver water,_3;;v
I ‘ N

:‘tThe lelaware Rlverlprobably lS as lmportant a source of

recharge as lS preclpltatlon on,the outcrop area' therefore,vu>

:>the quallty of thelrlver water is of prlme lmportance.‘ffg
'?lDurlng’perlods of le flow7 rlver water of poor quallty is

'more llkely to rech%rge the aqulfers. If preventatlve

“lg’measures to malntaln low-chlorlde concentratlons ln the

'ﬁrlver are not adequate, the groundwater supplles along the :7

i,lower reaches of the,Delaware Rlverr Wlll be the flrSt

‘j]affected._ Also, the movement of groundwater ls 1nfluenced

vilirby the areas.of heavy 1ndustr1al pumplng on: both srdes of i

]Zthe Delaware River.
’ The Cohansey Sand in the county is: almostrundévelbpédtg
“and is an extremely lmportant:potentlal,sourcefdf_largel¢ q

:fgroundwater supplres however,'any large—scalegpumpinéffrom

"?the Cohansey Sand may decrease the flow of thesmainﬁstreamSA=m

'such as Great Egg Hcrbor and Maurlce Rlver anduln turn may

'¢j7allow lncreased«upstream movement of sallne water ‘in the

_rtldal reaches of the stream in Atlantlc and and Cumberland
’,Countles. fh.:"
The hlgh local;zed nltrate content ln the Wenonah

| f]format1onrand=Mount Laurel Sand 1nd1cated local pollutlon o

fguprobable due to leached anlmal wastes or fertlllzers.

:Pollutlon of thls tybe ls not uncommon ln farmlng and rural

The quallty ol water ln the Rarltan and Magothy Formatlonr.._



B. Camden

Phy51cal Characterlstlcs

© The phy51cal characterlstlcs of aqulfers 1n Camden -
' County are. 51mllar to. Gloucester County aqulfers.

Analf515-

o Areas of heavy pumplng in or- near the 1ntake areas. of
vthe Rarltan and Magothy aqulfers reversed the normal flow
pattern, so- that lnduced recharge from bodles of surface
‘water malnly from the Delaware Rlver, now supplles much of
the water. drawn from wells. - The water Ln,the.Delaware R;ver'
‘upstream'from Camden has generally been of satisfactory‘v
'vquallty fcr recharglng the aqulfers, and aleng thls reach of
the river the quallty of the groundwater has not been affected
adversely by ;nduced recharge. .In some.placeS'downstream'“
.from Camden,_the river water is more highly minerali2ed7due
partlycto.pcllutien by the dieposal of>wastes or by a com=
ubinatiénfof’waste disposal and induced recharge=frcmvhighly,

' vmine-r’aliizved eourC»esi..' in Philadelphia .a;na Camden, but mainly
‘to the advance of salt water up- the channel from the Atlantlc»
50cean.» ‘Induced recharge from the rlver in: such places |
'adversely'affectsrthe=quallty of'the-groundwater;1_Thus,‘for
:Tthi5~aquiferathe protectionrof.aquifer‘recharée area,?though'

 important, is lesssimportant-than-protecting Delaware River-

water quality. |
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