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Note: This staffwo:r:kingpaper is one of a series of Issue 
. . ; 

. . . ' 

and Policy .2\.lternative l?a,pers presenting. factsr g.na.lyse·s., 

and conceptual· policy alte1:natj.ves .on .... coasta1···z-¢souz-ces and. 

coastal J.and. and water uses-
. . 

document is tQ. stimulate· <liiscussion an.((1 co®nttl:~s th.at will 
assist. p:teparation o/f tne man~gemE1n:; I;>.rogr.am fo,r the New 

• 
Je:rsey coastal zone. · 'this, report waij ptepa:r:ed'. in part with 

financ.i,ctl a$.Si~tance· under. thee .Cqast;.al zone Minagement Act;. 

P .t .. 92--583, •. 

and Should b'r addres$ed to .the offli.oe ~:f ·coastal. zone Manage .... 

ment. 
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INTROOUCT 1ION 

The loss or severe reduction. of our groundwater resources 

and.the danger of local groundwater contamination is a real 

and potential problem in areas in and aci:jacent to the coast. 

The deplet:Lon of this valu.abl$..; readi,.,l.y available; na.tu;-a.l 

re:source and salt wate1: i.n;t.rusi<:>n a:tld lQcal pollution m.ay 

severely- ciisttlpt· the coastal population and. it$ economy.by 

1-imiting- potable water. sup:plies .. 

This paper i.s inten,4eci to further· debate on important 

grounclwateJ;" i$.sues. ·The firs1= section brietly de:fines these 

issues in the coastal area a,,n,a;: then presents alternata.ve 

polici,es whic;:h could be part of· the coastal zont2 management 

prograJn in New Jersey. 

S.ection I Il provides characte+i.s.tics ot grcn1:ndwater in 

New Je;i;:-sey' s coastal area in .. terms of existing. ~nd p9tential 

quantity and quality. 

Section IV analyzes natural processes and maJ.'l•made 

activitie.s• tnat affect groundwater quantity and qU,ality. 

Two appendices conclude the pape:r. First, coastal zone 

regions are examined. ind.iviciually and problems specific to 

the region are highlighted. 

Finally, the sources used to support and reference. the 

text are presented. 
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. · A. Groundwater Qu,~t1'1;.itx· 
! 

·r. ISSUE 

::tn some a;l'.'easlof the coastal zone localized scarcity of 
. I 

I 

groundwater; is becqm.,ing an, increasing problem.. This applie$ 
! 

e.xpecial.ly to, the ~ntensely develop. e .. d areas: primarily tpe 
.I 

I 
Hucison River Waterf,ront and Newark Bay·.• areas, M .. onmouth, •• I 

I 
! 

Salem,. anci Cap~ MaYj COWlties •. 
I . . 

Pumping· of groiqndwater and· the reduction of aquifeZ' 
I . 

re.charge; by the conistru.ction of stotnt water drainage systems 
i 

thatdi$cha.rge$, intr surface water; has led to a scarcity of 

· groundwater in loca/lized pa.rts of the coastal zone. If the 

trend. of grou.ndwatef depletion.continues it wil.t leacl to a 

loss of ec.onomic. be~efits resulting from the .loss of. a cheap 

· high quality water [supply .•. · There is also a s·ide effect of 

overpum.ping and con~equentl.y lowering Of the watrer table 
I 

that could.change the ba.$e .flow conditions of stre~s altering 
i 

the ecological.cond!i.tions.of an .aqua.tic en'!lirorunent. 
i 

. I ' 
B ., Groundwater QuaU...itz .. · 1. 

The quality of 1I groundwa~er supplies in the coa.s.ta,l zone 

has. been lqcally threatened. in re.cent years. by contamination 
. .. . I . . . . 

fl'.'oin man-made pollutants. to the water table aq. uifer. This 
. ! . . I ··. .. 

has resulted in thejabandonment of.many wells. 

- 2 ... 



. Secondly, salt water intrusion threatens groundwater 

existing along the immediate Atlantic Coast over most of the 

Coastal Plain. 

SaltwateJ: has already contaminated some water supplies 

along the coast and some wells nave had to be abandoned. 

Increasing population and concentrated development will 

eventually wo3;:sen the situat.:i..on. '!'his will result in the 

loss of e.conomic benefits .. because of the forfeitu.re o•f a 

cheap wateJ: supply. 

- 3 -



Planni;ng 

supply·of 

1. 

. I 

IL.. . POLICY . ALTERNA.':rlVES 
I 

I 
and-regulations 

, i 

groundwa'qer. 

are needed to mai.nt;a .. in · an a:i:tlple 

I 

The safe I sustainecL yield of local aq1,1i£ers should 
I 

be established •. This- is the amount of water that 

can.be cdnstantly•withdrawn· without unacceptable 

change t9water table elevati<:>n, stream flow, 

water qua.Ii ty and sal.t water. intrusion. This data 

b. J . 1. 1· . . b ' .. d f. ·. · h · d ' ' l can .· e partia . y o taine .r9m t e 1.g1. ta compt1 ter 

simulatiJn. modeL that·usGs has, been undertaking. 

A;quifer4odelshave been completed and calibrated 

for the .,allowing ~quifers.•within .·the coastal 

zone: Raritan-Mogothy, Engli~htown a;nd Wenonah-

Mt •. LaurJl.· The comp.Ietion of all the aquifer 
. I 

model..s. w:til.l show the best location of wells and . 

quantity lof withdrawal. 

Ifn
01

o
1

r
0

wde1.·n rjt. oshaou'i!s
1

udre the safe sustained yield the 
be included: 

. (a) P+Otection of prlme recharge areas 

Prime rec!harge· areas could be delineated. Criteria 

for such a· delineation would .include.: · .. permeability 

of soils, land cover, .. depth to seasonal water · 

table,. elevation of the area and geology. 



oevelopinent over· these areas c:ould be required.· to 

r.e.s.pect the rech.9.rge conditions of the soils and 

geologic formations.. Standards would .. include limi ... 

ta tions, to the amount o:f impel;'meable . surfa.ce.s that 

water retent±on. bas.ins, and/ot const;t;;ttctd.on oi: wells to 

artific,tally recharge endangered grourtdwatel;' aqu,ifers. 

This :i..s tieing done j .. n Long :t.s;Land, New Yo:r:R .. 

(b) J?ropet pl.jcen:tent of new w~lls on the areas . 
not covered by aul:1:e.r rn.o<iiel:s · 

Placement of new wells could.be based on ground .... 

wate.r a.vai,lal?il±ty atid, quality. Critetia would be 

.speed.fie to di:J:fere.pt areas and include: the 

number Qf wells to be dril.led . and. th.e amount of 

water al.lowed to be. pumped f;r:Qrn each we:tl .... theo .... 

rettqa,ily dez;iveq. sc1fe · sustaine.d yield, ancl the 

plac8Itlent of wells in :ireJ.ation to each 0th.er. 

spacing requirement should, whenever .possible, be· 

based o.n .local factors· because, nO one set of 

distanc:eswill beadeqt1:ate and.reasonable for all 

c.ondit:Lons~ In. areas Where "undesirable" conditions 

exist safe distance$ should be extensive. In 

area$ possess,i.ng especially "favo.:i;:ab1e" conditions 

le·sser distances might be acceptable. ,i.f .approved 

by the enforcing a.gency. 
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3. 

In the d~termination of the factors which will 

govern t,e selection o.f· a safe distance the fol-

lowing m4mimun factors should be evaluated: the 

type. and I 1ocation of.· the sources: of potential and 
i 

existing· icontamination.: geologic and hydl:.-aulic 

characte.:ciistics of: the material between the land" 
I 
I surface and water table,, the water table and 
I 

bedrock, I seasonal. depth to water, its. direction 

and rate lof movement, and the mathematically 

deri.ved effect of well pumping on the direction of 

groundwaJer--movement between the source of contami-

nati:on 4c1 the well. 
Preventi1e andrem~dial ~easures could be taken to 

control saltwater, intrusion. Some of the threaten_ed 

areas a:tJ identified by USGS and: delineated, 

thereby ,ction co~ld be taken in these areas to 

combat sa:lt intrusion. Measures taken could 

include ~ells drilled· to artificially recharge 

endanger1d aquifex-s to maintain a pressure head so 

as to codtrol saltwater intrusion., and stringent 

regulatiolns concerning the utilization of ground..-

water ove~pumpage of a.quifers threatened by 

intrus ionl. 

l?er:formanpe stand.ards should be developed com:::·erning 
I 

pointandl non..-poi~t pollution sources and their 
I 

relationsrip with recharge of aquifers. Minimum 

distances\ should. be set between -- sanitary landfills 

and. wells!. Certain types of materials such as 

industria~ wastes, dredge spoils etc. to be dumped 

should bel regulated.in prime recharge a:i:eas. 



The inventory of non-point pollution sources 

affecting groundwater. in the coastal, zone would 

lec1d to measures resulting in the amelioration of 

specific non-point pollution impacts. For example, 

· soil and conservation practices are one of the 

most effective principal controls for reducing 

potential pollution from agricultural watersheds 

(see Water Quality Issue Paper). 
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III. l?JiYSICAL CHARACTERISTIC~.AND NATURAJ,FQNCTIONS 

Portions of two geologic.provinces of greatly differing 

water-bear.ing capacities are located within the New Jersey 

coastal Zone, Figure 1. Differences exist because the gee--

logic formations-enclosing each province contrast greatly in 

their ability to receive and to store water. 

The northern province, the Piedmont Plateau, which 
i 

includes the Hudson! River Waterfront and Newark Bay, is· 

composed of consoli!:iated material where the majority of its 
I 

groundwater is r.eta~ned in the hard, extensively fractured, 
I 

sedimentary rocks. 
1 
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 before the shail.low groundwater appears in the streams-

is much less. 

water, such as 

I 
I • 

LocaJ. anomalies provide considerable less 
I . 

I the basalts of the Waychung Mountains. -Large 
I 

amounts of groundwater also exist in the uncosolidated 
! 

glacial dJ:rift occupying ancient river valleys. Glacial 

deposits of unsorted material, ranging from clay particles 

to large boulders, ~rom sheets of unconsolidated drift that 

cover much of the Piedmont with a depth of 15-20 feet. 

However, the drift--~illed valleys may be hundreds of feet 

deep and the aquifers within them can, if impermeable layers 
I 

of clay overlie them, become artesian. 

- 8 -



The ~ew Jersey po+tion of the Atlantic coasta.1 Plain is 

composed of unconsolidated stilts, clays, sands, and. gravels. 

It is bounded on the north by.a line stretching from Trenton 

to Raritan Bay and incl1,uies-.. tbree•·f:i..fths of tl:'le ·State. ·It 

st.retches l.O o mil.es outwa;1:d i,.;q.t6 tbe 'Atlantic Ocean, .• · 

Perhaps 40 . percent of out. of 4$ inches of persti,itat:i..t,:n 

falling eac:h ye.~ . on_ the sandy coastal Plai.n. w¢'Ul.d infiltrate 

into the ground and most ct!; that wo1.1ld l:'eappe~r d.11ys, weeJcs., 

or months lat~+ in the sptings en: se$PS tbat fe.ed tne streams. 

Tl:'lere i,s: rech.at-ge to two p}iysiogta.ph..ic provinces of the 

·coasta.1· Plain, Fi.gu.re· :J.; 

1. In the area of the rnne.r coastal Plain the.re is 
rechar.ge . to the large c;ap.a:city· sand :eo~ationf .... 
These aqtiifer.s outcrop al<>ng th,e ,Atlantic .co~i:$t 

north of about Neptune Cit.yup tosa.ndysook and 
around tbeRaritan. Bay and also the area of the 

coa.stal zone up--river from Lower Alloway$ cre,et. 
The aquif er.s, dip gently to the southeast fz:-0111 the · 

outcrop al;'ea· and underneath, the .Outer. Coastal 

Plain's impermeable layea:-s of clay and .ma.rl. The 
. ' 

water exists under pressure. Wells at"e drilled 

through the outer Coastal J?lain to great depth. to 

tap these fotmations;, see F.i,.gure 2 • 

... 9 .... 



NEW JERSEY 
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- 10. -·. 
Figure-• 1.. Physiographic provinces in the coastal. area. of N. J. 
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2-- The Outer Coastal Plain., larger in the area than 

the Inner, Coastal Plain, has at the surface Pleis-
1 

tocene sa~d and. gravels, the Cohansey· Formation, 
! ' 

· and., the· Jnderlying · KirkWood Formation in many 
I 

areas ac-tfng as, one hydrologic unit. While there 

are areas/ underlain by clay or with appreciable 

silt or· cJlay in the sands, which there:i?ore are not 

as good f[or percolation of rainfall, most of the 

area is al sand which will. absorb about l/2 inch I - , • 

per hour of tainf.ail.... Therefore., unless the 

ground is1 frozen there is practical.ly no surf ace 
I runoff b7caµse rain· storms seldom exceed this 

hour lY · r~,te. 

This unc,nfined or semi.-confined unit, receives 

almost a~l initial recharge from pr.ecipitation and 

stteams •. J It. then may r 1echarge underlying aqui.fers 
I , . 

through ~irect contact or breaks in overlying 
I 

layers.cl impermeable clay and marl. 

The sandy . Coas
1

tal • Plain is water-bearing of different 

water qµa,lity to tblicknesses of 6,000 fee.t above bedrock 

ne.ar Cape May but tinning, down. from 30 to SO feet above 

bedrock along the· tjelaware, River. and along the fall line 
i ' from: Trenton to Per:th Amboy... In the· Coastal. Plain some of 
I 

the· latge,. wells:: ar7 screened. at. depths.: of: 600 to 800 feet, 

but most are: te,ss ~han:: Joo., feet deep •. 



.In total, some 22 to 25 inches, of ottt 45 inc~es of 

rainfall is ·iost each year to evapotranspiration of deep_ 

peJ:'COl.ation to the ocean.s. The i:ema.inder, which may vary . 
f"'· . 

from 8 inches in- a drought year to1 35 inches in the wettest 

years, runs off through, the .groundwater.-surface stream.· 

system. to the ocean. It is worthy of note,. however, that 

evapotranspiratio,n takes firl:5,t cl.aim on pte.¢ipitation and 

d.oe.s not vary gr.eatly from a dry_year tq awet yectr 1in ~ew 

Jersey.. The re,sid.ual a tq JS·_ in<:::hes, aveta.ging a.bout. 21.. 

inches, is available for ~mmediate use by man• or for st.orage 

above o:r: below• ground. We are only witbq.rawing about <LS% of 

the 21 i;nches of · annual p;teci..pi tat;i.on not·- · c)..aimecJ. by ev~po .... 
. . 

transp.irati.on. A much 1,a;-ge~ ptoportion coul4 be withdrawn 

with additiol'lal surface storage a.nd: greater us,e of· groU:ndwater· 

in areas of sttrplus. . tf ground.water is net us.e<a., its potential _ 

_ is not realized and ·_storage .spacei. unq.e:rgtQu~d i$ no"tl created 

into which pr$cipitation can infiltrate. to reple:n.isl'l the 

supply. IfplJ.Ifipin-g exceeds the natural :recharge rat-e fo:r 

long periods, then ·groundwate:r levels drop,, but this is only 

happening in a,few centers of heavy pumping. 

New Je:rrsey coastal Zone groundwater quali t:r at a given 

place•- is very constant frorn day to day and yeat' to y$at'. · 

Howevex: ,· over the State there are areas o:f salty . wate:t 

pockets ef nigh iron content,. vet"Y ha:rd water, or high in 

content of other dissol.ved minerals, see Table l. All 

except the salty water is pot.3.b-le after conventional treat:rct_ent 'r . . .. 

and pe:rhaps.one..:.third.meets state potable water stano.ards 

without treatment., Chlorination and softening, if needed, 

are the only·· tre.atment given. to most: groundwaters used for 

public supp.ly., though some is also treated for. iron rexnoval. 



Table l •. 

. .. I 

Range of chemical; constituents in the f,ollowing · Coast,al 
, . . I 

Plain Aquifersi: 
. I 

· Raritan and M~gothy Format~ons, Englishtown Formations,. 
' l i 

wenoah Format.ion and Mount Laurel Sand, Kirkwood. 

Formation,,. anal. water table aquifers. 

aicarbonate 

sulfate· 

Chloride 

Nittate 

. Oi'"s. Solids 

pH 

· Hardness 

Temperature 

! 

' u. s. Public 

aea.Ltti Standarcls,. 
I 

0.3 

250 

250 

20 

500 

170 

* units inpar1s per million (ppm) 

Source: USGS .. ppecial Reports 1 
I 

Selected reported wells 

Range of Constituents 

Maximum 

114 

382 

465 

6800 

82 

3440 

9.1 

345 

86 F 

Minimum 

0 

0 

0 

LS 

.0 

14.0 

3.8 

2.0 

Groundwater is [ ecological.ly vital to the Coastal. zo.ne. 
I 

It is the·souz-ce oflm~st st:i::-eamflow within the zone. All 

freshwater ecosystem[· s, are dependent on groundwfter to provide 

a unique aqua:tic. enrironment. assoc:i.ated with< lakes:, rivers, 

andt streatni3 .. , Grounfwater is also the primary waJer so~rce 
I 

formo$t tert'estrial vegetation and.human. consumption. 

/ 



A. GrO'IJJlqr,,,at,~~ ,, Q~an i;:i tx· 
The ppmping: of. the, large quanc1::.i.~~e3 o.f wat$r fr0111 the 

a.qu~fe:its: ait~.ed;: ~e;nts .. ideJ:a.li)ly th~. P4tt~rn ¢.t mov~nt .. in 

, , 

a well,,,, ,or well, f:i~l4,, l0:W$tS- f;b,.t tte•d ~JZ'.o~d tb- w~ll. 

en®gh. to inclluc$ the flow Qf a.TI.· 0E1g,uiv4l•e:at q;q.~~:ty .of wat~,; 

Tlle dep~~$s;<311 of· he.ad ~o-un4. the we·lJ. is 

cal.led 'the- cone• of <iepras$ion; see• F•i~Qt"e 3,. 

...... lS ... 



I 

Therefore, the cone of depression of each new well must 
I 
! 

expand_ untiL it ha~ induced additional recharge to the 
I 

aquiJer,..impermeable boundaries or intercepted discharge 

equal .. to the quantJty of water removed by the well. The 
I 

process may take a1considerableperiod; of time.because of 
I 

large quc;ntities OD;-water may· be removed from storage in the 
• 

. I 
aquifer· and in the [adjacent aquicludes. When the proces.s 

has been completed , 1 however,. new flow lines have been formed 
I 

from their arigina1 courses as, water moves toward the wel.l.. 

Impervious su,faces and qonstruction of storm water 

drainage systems reduce the amount o-f rainwater infiltrating 

into the ground, TJble 2.. The. water flows overland to near-

by streams instead ,I consequently, heavy pumpage creates. 

cones of depressioJ • 

. Table- 2: Impervio~s- Surface and Srtorm Sewer of Residential 

Developmelnt. 

oeveloprn.ent 

Type 

1 DU/2 Acres; 

1 DU/Acre 

2 DU/Acre 

4 OU/Acre 

8 DU/Acre 

8 DU/Acre 

Clustered I 

.Amount of Impermeable 

Surfaces 

5% 

10% 

20% 

33% 

50% 

75-100% · 

100% urban 

Source: I Caputo.,. Hophrnan., and Hougen,. 197'4 · 

Storm 

sewered 

-
20% 

3.3% 

50% 

50-100% 

100% 



The present state of groundwater resqurees. show in 

local.ized areas 'a reduced level of water due to pumping and 

to a mucn les-ser degree development: of our recharge al;'eas. 

Based.,. on ava.ilg;b.te. data, gJ:oundw~te:r l.evels, Will continue to 

decline.. The po·S$ibility· ex,ist$. tn,at waeer S"upplies in s·Qllie 

aJ::"eas c9t1.l<il fall short of de1I1and: allci. thi.~ 1$ 11:lore lik·e:1¥ in 

the. event of. a. p:tol.onged dl:'QUgl'lt.. P'.Lanni:n.g is nE!~d-e4 to 

ensu;re an aip:p,ie supply of. gtotJ.ndw~ter £ron,, t.he co.ast~l zone 

i:n the future .. 

B. <l,i."Oµn,_q;s-ia:l;e~ .. QQ;;a,l.i.:'i;l)::. 

Man's act;i.viti,es con,stitute the pr.:tme sow:•ce of the 

cont.amin.a·ti.op of. g:rou~dwater. aqui.fers. The.re exist two 

majot categories of polJ..trt::·an.t:$,i- man.:..maae: pollutant.$ and. man ... 

induced pollu.tant·s. Con;tami;na-t,ion qf :,aq:~ifers witb man,:~nia:cie 

point source pollu·tan.ts occ~· wn~n. pollu.tattt$ exist Qn the 

surface whi.ch al:'e capa.bl.e Qf. seeping· into the gro:und wi t.h 

recharge from pt-ece·t?i tat:ion .... · Pe:o:tieahl.e soils a,z;-e mo:r:e 

susceptible to 'seepage than soi.ls containing a sig.nt;f:icant 

p:ropo:rtion o:e silt and clay .. · P<.>t·ential poll.utants may be 

found in sanitary l.and fills, sewage waste di$p:osaJ.. · sites 
·, 

(see the Solid Waste Issqe Pa,per fq.r;. specifics) , se~tic 

tanks, Legal dump.ing site.a., wa$te lagoones. · FigUJ:'e 4 $hows 

the intr<::>duct_ion of o.ontartti,.nants into an; aquifer fx.-ortt a 

septic tc1nk. 

- 11 ... 



FigUre: 4. 
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Perc::iolation thl:01-1gh. zone of aeration. Most 

ot Jll.er nat¢:al. removal, o?:"·< <iegl:"adat.ion proc.esses 

func\t'ion under these; conditi.ons~ 
! . ' 

conunon bJ.o.I;c,g1"'i; waste$ are nati.JraJ.J.Y r...nqv$1 by t.hos"' 

· p;o<:esses: that operr te under· condition O.f aeration •. · Almost 

all of. the, suspended. solid- mater:i.aJ. is filtered out ~Y tbe 

upper few. inches; of soil. Ho:wever., stal:)!J.ei contaxninants in 

soluti.on such as Phfshates,- nitrates and phenolic <=Om.pounds 

o:.i::·synthetic. deterg~ntsmay stiJ.L pe;-colatethrough the 

aquifer to a well •. 

contamination ff; aquifers. from:·man-rnade non point 

source of·· pollqtionl co~s front pol:lut,ed stz-eams that re¢harge 

groundwater· aquiferb, agriculture roads, air borne wastes. 

Figure 5 repretenta a major problem facing those water 

users with h.eavy pumpage near pollqted streams. If a stream 

that i.s the source bf water for a,weJ.l field is cont~inated 

bymaterials, that abenot.naturaUy d.egra.ded under saturated 

unda:ground flow colditions.,· groun4,water· in the vicinity of ' I . . . . . . 
the.well. will int ' bepolJ.uted. 



Figure, 5. !nduced. infiltration frotn stre~. Stream· 

pQll.ution can re$4lt in "grotindwatez-" pc;,llution. 

Na.t~alpU:-ification: i$ litnite<i to thOSt=,! 

processes, r:equi:r:i.ng- no oxygen. · 

There are two c;:.lasses or potential pol,J.utants from 

agrlcultural cropland.. these- include sed:;.ment',. and a:gri¢ul-

tural chemical.s.. Sediment. may be one of the most cost.J.y and 

serious of all po.llu.tants fJ;."c:mt agJ:icultur;al croplu.d, alth.ough 

it is often overlooked .... '!'he, import~ce· of. raed:i.nlen"i; _ ~§1 •.. Jt 
• ,. . ,>, ~-,--. »·. 

poJ.lutant cotnes fJ;."om~ the high co$ts rl!;!l$nlting fzr.>m sedi-

mentation. and filling of stre~s, causing reduc::tipn in 

carrying capacitY:, and increased possibility of flooding. 

Agricultural chemicals,, including mpdern pestici<ies··and 

chemical fet"tilizers can 1:;)ecarried·Off of crop- land in two 

fopns: (a) soluble forms. in. runoff or in percolate·water, 

(b) insoluble f 0or!tl.s or attached to colloidal sedi.tnents~ 

Roads ai,.d highw4--ys·, collect oil ·and. gasoJ.ine spills, 

ti.re tread dust ett;:... Prec:i,pitation. will wash off the pol• 

lutant::;a and runs off a.s, overland flow. A pa.rt of water 

enterin~tlla roads·perc:c:>lates downward to the soil zone and 

eventually to the water table. 



I . . . . The· a,irborne:· substances, such as chromium can be introduced. 
· · ·h · f. · I . . ·r· · p· · t h 1 d to t · e aqui. er: in severa .. · ways... . or J.ns ance, c rome- .a en 

dust f:roman· elecJ.oplating company is discharged through 

ventilators: on· the· I roof.. Some of· the dust settled· to the ' ' i 

ground, where it· accumulated until. rainfall.. washes it down: 
, . I . . 

to the water tab.le,', as;, dipicted. in Figure 6.. A generaJt 
! 

relationship is sh9wn between.precipitation and chromium 

-~:~ Q - ·t (> ?-:~:-.:}::/'_<~· :" / ----~·-_::.'.::·:l;\f~;~:~:-;Jtr·--.::" :~--.. _~_:·_ :::··-:-'·~-·._:i\i:_: :=:;-. 

~: : ;f . . , '}'/tt1 
<) ,· O.• ' 0' · .. 

o· ........ \ ::,. ... 

II: 

·-·• ... -

Figur.e 6 ... Dia,ram showing possible. mode of entry of 

air~orne· wastes to aquifer. 

NatUJ:'all.y occ~ing salty· or mineralized water may be 

red.istributedand ~ay flow into fresh-water aquifers. This 

salt-water· intru:$.iOn.,. a man•indui;::ed pollutant, occurs when 

pumping> wells: near the• sea or near· coastal bodies of salty ·. 

water may. C.:luse, ~n inf.low of salty water if. the hydraulic 

head in thei, .fi:es.n-Jater: aquife.z:" is depr.esse& sufficiently to 

cause,, the: sal.ty watler'. to, move toward the center of pumping, 

see;: Figure•: T. 



·~--~ Pumped w.ell 

NATURAL CON0tTIONS ... - SALT INTRUSION 
·-··· ·----· ' ---·- , __ , 

Figure 7. 

•· Along the eoast and even in.la:nd wher.e salty water . 

underlies freshwate.t a<;['2.i;ers, pumping and eonsequen:t; reduction 

in hydt"O$tatic: pressure i.n. the freshw~ter aquifer ma;y cau.se 

the unde,rlying salty water. to piov.e. upward. 

Wh~e salt o:r: bra;ek.i,sh surface water is in contact with 

a f.teshwater aquifer: along, scm,.e; :r:aa<::hes qf the Delaware 

River, as an. example; it will enter the aquifer if th,e head 

of the fJ:'eshwater i,s. low enough to permit it~ on the other · 

hand, i£ the fres.b;.water heaq is. high enougn, there will be 

a. flow of. freshwater out of the aquifez--, and no salt water 

-will enter. 

Under natural. conditions ,the freshwater•saltwater 

interface i.s usually stable wi.th only very severe droughts · 

perhaps affect~ng tne salt. l,ine. But man ha$ cl:eated an 

in]?alanee by pumping out. water near the saltwater lj,.ne and 

building ilnl:)erllte:able sw:-faces increasing surface runoff and 

theref.or.e decreasing grc,undwateJ: recharge,. Both of these 

factors lessen. the hydraulic pr~ssui;e of the freshwater 

allowing for the intrusion of saltwater into the aquifers. 

Zl .. -
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I 
I 

Thedredgingactivifies, in the Delaware River involving the 

clearing 

tion and 

possible: 

aquifer. 

and'. maintenance of· shipping: channels and the construc-

ma1..·ntenanc~ of harbor facilities also has a larg. e 
! . . . 

af feet on, the aquifers,, especially Raritan Magothy 
I 

I 
Since the Raritan Magothy formation outcrops underneath 

the Delaware River lhe maintenance of, a ship channel to a 
. I 

depth of at least 40 feet. can cut into the .Raritan Magothy, 

allowing river wate! and its pollutants to flow unimpeded 

into the aquifer. tlso,. the. iJnpact of dredging includes 

placing of dredge swoils on the land where the aquifers 
I 

outcrop .. , 

The quality o.f groundwater in the coastal. zone has in 

some· areas been steJdily decreasing due to contamination, 

especially saltwate]I, intrusion. No• change is expected in 

the future:with the:continuance of pumping of water and 

dumping of pollutanjs. Contamination of water· supplies of 

the heavily developJd Coastal zone is where Salt intrusion 

is most likeJ.y too4cur. It is possible that in the futJJre 

some communities wilil not be able> to meet thei.· r own water ,I . 

demand. Proposed. slludge landfill sites and continued hazard 
. I . 

dumping of chemicals will. pose other groundwater problems. 

Therefore/,. the need !exists £01;· more careful: :Planning and . 

. xnanagement: for our Jroundwater resources. 
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I. HUDSON R!VER 

A. Essex <:oµnty 

Phys.i<::al . Characteri sties. 

Groundwater in Essex County occurs in joints an<=i frac-

tures in CoI1solidated rocks of the Brunswick Formation and 

in the voids of unconsolidated stritified drift deposits. 

Rocks of the Brunswick Formation and sand and gravel of 

Pleistocene age are the main source of groundwater in Essex 

County. They are generally capable of sustaining mode.rate to 

large yields to wells. 

Except for hardness and local salt--water contamination 

water from these rocks. is acceptable for const11nption. 

In the Newark area, salt water contamination h,a.s seriously 

impaired the quality of groundwater and chloride concentration 

are as high as 1.,. 900 ppm. 

Unc0onsolidated sediments of Pleistocene age mantle the 

bedrock throughout much of Essex County. Water occurs under 

water table and artesian conditions. Water table condition 

occurs· where sand and gravel. deposits are n.ot covered by 

clay, silt, or glacial till and are exposed at. the surface. 

They are commonly less than 20 feet thick and do not yield 

large quantities of water. They are recharged directly from 

precipitation on the outcrop area. Artesian groundwater 

occurs where sand and gravel deposits have been covered by 

lake or si.l t, or by glacial till. These deposits are largely 

confined to the buried valley so they are not visible on the 

surface and their regional extent and distribution are 



therefore not r•eadilly · apparent. They are recharg.ed py 
I 

leakage throughove~lyingconfin:ing beds and by precipitation 
I 

fal.ling .. ·· on outcrop ~reas outside ... • Essex c.ounty. Some recharge 
. .· I 

may also be derived! from tbe·underlying,and aq.ja.cent·B:runswick 
I Formation. 
I 

The" average yirld· of. z7·. I'!,rg<1.,.di"111eter w<aIIS is. 'J.08 gpm 

which rna:ke·s· it the most, p.:roductive aqu. i.· fer in Esse~> County .. 
. .·. · .. ·.·. . .· I . . . 

Water.ranges .ir bard.ne~s.from 104. ppm to 212 ppm. Most· 

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

or less·, chloz-ide -il.l. ppm and ni.tl:'ate concentration of 3 ppm 
I 

or. less. 
I 
I 

Gz--oundwater haf- hi.gh: chl,or·ide, concentrations in areas 

of relativ~ly heavy[pumpage in eastex:nNewark adjacent to 

Newark aay and the ~assaic River.. Heavy groundwater with-
I dx-awalshave lowere(fl. the general water•level in these•a::-eas, 

reveJ;si.ng the natut'll gradient between the groupd and surface 

water bodiea, and hf ve induced a Uow of salt water frOJll the 

river a11d bay into the underlying water-bearing formations .. 

A proba.ble cont:ribubing factor in salt-water intrusion is 

the dredging.of shi! canals in Newark Bay and the Passaic 
•.. . . . . . . . . 1 ... ·. . .. • . ·.. . · .. ·· .. · 

River. . ln deepening, these. canals , semirnpe.rvious Recent ancl 
. I . . . . . 

?leistocene. sed.imenrs were removed wJ:iich had acted as an 

. im!_>erf e¢t i»rrier tl the in;filtz"a tion of sal t'-wat<1ic. 



... 

The most highly:developed part of the valley - fill 

aquifer system is. in: western Milburn and southwestern Living-, 

ston. Four well fields.tapping the Pleistocene sand and 

gravel are located in an area. of less than 4 square miles. 

With such.spacing of wells and continued heavy deveiopment 

has, naturally, lowered water leveis in the aqui;fer in 

addition witn reduction in the amount of available recharge 

and e:x:·tendec;t dry per.iods, especialJ.y from:. 1961 to 1966. 

The localized higher concentration of sulfate, chloride 

and nitrate· suggests a low ... gra.de pollu:t.ion problem; pro.bably 

resulting from eithe;l" sewage o:c the use .of cnemicaJ. fr:rti-

lizers in the area. 

B. Rabw~y_t\;l"e~ 

Physical Characte~istics 

The Rahway aJ::"ea occupies 67 square miles of the Pedmont 

Plateau and, Coa$tal Plain. Groundwater in the Rahway area 

is stored in the glacial drift, Raritan Formation and the 

Brunswick Shale. 

Brunswick Shale yields, water from fracture openings and 

from pore spaces in the inteJ:"bedded sandstone. The average 

yield of wells is 7 5 -gpm.. Yields of -wells larger then 6 

inches in di.ameter averag.e .140. gpm. Richarge to the · Brunswick 

occurs through the hydraulic:al.ly continuous overlying drift. 

Both water--table and. artesian conditions exist in the 

Brunswick Shale. Artesian conditions occur generally at 

depths,greater than. 100 feet: water table conditions occur 

at shallower· depths. Groundwater is locally high in sulfate; 

dissol_ved solids, and hardness.. Brackish water is contained 



I 
I 

in the:, Brunswick Sh.fl-le" along: the tidal, reach of the Rahaway · 

River andnorth.wardlalong. theP!.rt:.hur Kill. 
. . . . . . . I . . . . .· . l . . th· B. . . k . t"" The, Raritan fopnation, over J.eS> .··. e . runsw1.c · in • ,i..i;e 

I 

southeast corne~ oflthearea.and. covers about9 square 

miJ.es~ TheRarita.n 1 Formation.is.a series of·crays and.sands 

of:ao···ot.lt 10.0, feet irl .... ·· t·h .. ,·i·c· kn·•·····ess ,.·· n .th·e·· ·o. utc:top area .. The 
ave.rage yield of'. 12 industrial wells is 96 gpm.. The quality 

. o:f the· water is good; for most uses with the ex·c.eption of · 
. . .. I 

salt-water· encroachment adjacent. to Arthur Kill • 
. • . . . . .·· .· . I . . .. • .. ·.· .·. . . . .. ·• 

Glac.ial .. drift mantles the Brunswick Sha.le and the . .. ·. . . . . . I . ... . . . . . . ·. 

RaJ:itan Formation apd forms the·land. surface of the area. 

The, drift has. an av~rage thicknes•s of al:Dout 25 feet. The 

stratified drif:t fi[li11g the buried valley in Rayway is the 

only important aqui~erof J?leistoceneageinthe area. The 

average yield is 37b gpm. An important function of glacial 

:::: ::a:: ::::::is::::• a:dh:::::::a:::e:o:e::d~nder~ 
The quality ofj water is goad,. however .there is pJJtential 

threat o.f salt-water encroachment q.uring extended. dty periocl.s ,· 

and.high tides encrpaching_ farthest inland .. 

Analysis I 
I . . 

If ad<tlitional n..arge groUndwa ter $UPPlies a're · developecl. 

in the Rahway area, I existing suppliesr would probably be 

reduced, and. intrusfon of., salt. water· could result. In the 

$3'Unswick ShaJ,e, ovfrdeVelopmentwould g,,eatly lower water 
· leveJ.s in the sourtheastern, half. of the · area:. To insure a 

. . I 

I 



.. 

supply of fresh ground:wa ter in the Brunswick ~hale, wells 

should be located where the p iezome.tric su:i:face is 2 O feet 

or mo.t:e above sea level.. Salt wa.ter would. not be expected 

at depths of less than about 800. feet in such are.as,. however, 

this should be :Ve+ified, l:>Y test drilling prioa: to any a.deli--· ... :; ' 

tional large-sea.le development. 

Further development. of groundwater.from the Raritan 

Forntation is limited· by ··the danget ot salt•wa.ter intrusion. 

The punip.ing of w.alls along, t):le Atizh.ur Kill;, forced ma.ny 

industries to obtain water froiri inlandpublic ... water suppl,y 

companies beca.use of. dra-wn in salt•water. Further ptunp:i.ng 

would fellow the salt--wa.ter intr11s:i.on path soutwestwarct ftom · 

Sewaren where the Raritan Fcircmation is. exposed to the Atthuz-

Kill •• 

Salt ... water contamination can ocou+ in the gJ.acia,l drift 

along tlle river banks du.ting high tide> if withdrawal o.f 

ground-Wat.er from stratifed drift and the B:i:.-un.sw;i,ck Shale 

should lower groundwater ley;~ts be,low rive+ l.~veL River 

water would, then, · seep into the groundwateJ:" reservoir . 



I 
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A;, •. Monmouth Count))' ..... . .. I 

2. North ... Shore 

l?l'lys,i.caJ.Char~cterist,i.qs 
I . 

The principal 1laquife:rs tinderiying. the county occur in · 

th.e Ra;citan and.' Ma~othy' Formations, the Enqlishtow11, Formation,. 

the Wenonah Forma ti\on and. Mount Laurel· sand, the Vincentown 

· Formation.,. and, the, 'firkwood. E'ormation~ They crop out in 
. . . I .· . . . ·.·· . .. . bands trending no.rt!heast•so.uthwe·s,t and' slope downward 'toward, 

h . . h Th. I k . . . .• . .· . . d . . . t... . b . . ·• h tie sout east. J.[ ness, pumpage ,,. an i wa> er- earing c a.r-

actei:iStics/ of tha,r aquil:e>:S, ate si:onma;r;'ize,i iii the table 4, 

I 19sa 

A. uifer 

Raritan andMogothy 

Formations 

Englishtown Formation 
I 

I 

Wenonah Forniationarld 
. . . . . .·. .. i 

Mount L,aurel Sand. 

Red Bank Sand 
I 
I 

ThicknaS$ 

(feet) 

. 25-70 

30..-50 

30-50 

40 

PtUnpag.e 

12. 3 Most impo.rtant aqu:i.--

fers .. · Yie.lds range 

f.:ronr 100 to 1,400. gpm 

to large-<iianteter wells. 

Maximum reportedyield 

640 gptn. Average yield 

. to large.-capacity welJ.s. 

410 gpm. 

.65 Considered·a single aqu:i:-

fer ~·. · Average yield 10 

gpm •.. Maximum reported · ,. 

yield 335 gpm. 

30gpm to domestic wells. 



Vincetown Formation 50-110 Numerous domestic wells 

tapthis aquifer-yields 
r 

Kirkwood .. Formation. . 

source: 

AnalX$i~ 

. o-..79 

range .. from 10 to sO gpm. 

Yields range fr.om 15 to 

:tocallY the .:aaz-itan and.· MagothY Fo.r:mations :may· be il'l 

hydr.auJ.i:c connec:tion• wit.h. the Atlantic. ocean. and oevelQPment 

co:ulcl be limited by the th.+-eat of palt ... water encroachn\ent .• 

studies. irtclica te that salt..-water. is :present in the oceanward 
I 

exte.n$.ions .o.f the aquifer. wate,r sa,mpl~S from a t.est we,l,l. 

- d.:rilled apcut. 20 miles. south. of Sea Girt indicated. salt-

water contamination of . the lower ·pa:r:t · of. thi.s aquifer. 

untLl the actual location of the salt. Yiater in· the aq:uifer 

to the east of the county is kpown, development s.hould 

proceed, ·with extreme caution. 

The< a:r:ea most· -favorable for additional d.evelopment of 

the Raritan and Magothy Format.i.on•s probably is the western 

part of the county, where pumpage would aggravate the salt-

water problem l.ess than would the same intensity of.development 

in the ea.ste+n part of_ tne coqnty. Salt wa·ter · probably __ . is 

advancing toward coastal pa.t'ts. of tile county ,\in respons,e to 

existing· development ... Lncrease<i development alo.ng tlle coast 

would accelerate the rate of advancement toward the coast 

much more th:an.would thesame intensity of development i~, 

the western pa.:rt. of the county •. · Jersey Central Power and 

iignt has weils · on Coni:skunk. Point which or:iginally were 



fresh water but havie tu;;ned salty. The Village 9£ Keyport 
.. · . . I .··. . . . . . ·. . . 

placed their produc1tiom wells too close to the ocean and 

they are now very ~igh in chlor~de.. The area most favorable 

for. a4ditional dev~lopment.of. the Englishtown Format.ionand 

Mount .LaureL San<i i]s locally in the vicinity of their outcrop 

areas, southwest of the sandy Hool<: Bay where water levels a.re · 
I 

high$st and the th:r~at of salt ... water encroachment is less. 
I ·. . . 

A m:unbe.r of the. munjicipalitl.es in northeastern Monmouth· 

County have, been gr~nte4: diver.sion: .rights for w~lls i.n the' 

·. E:p.g·lishtown Fot:tnatibn which far: exceed: the ~bll;i.ty of this 

formation- to· rep1:en~sh itself in the o1rea ot greate!lt use. 

Newer wells a,re. go:i..hg. to deeper' fOJ:mations with the same· 

' situation occ\U:rl,nglr if not p:top~1yc controlle<l, ... 

;t'he, Red. Bank sfnd may not be· practical to att.empt to 

· develop large-yield[ wells from thi~ aquifer.. Ho:wever, wells 

located near streams or pono:s . that are i+i hydraulic qonnection 
. . I 
with the aquifer mE1y permit·. large yiel.d.s., assuming that the 

stare- or ponds art freeo~~ont,amination. 
· · .. - Probable, favortble, additional. development in. the aquifer 

f . h. ,. . . .. I .. ,.·· . .· . • o · t ·· e · Vl.ncentown F<prma tion occurs locally in the vicinity 

of the outcrop: arealand away f'rom,theAtlanticOcean. 

The nrkwood E'1rmations under:neS about zs percent of 

Motunou,th county: and.I makesi. up;. the principa.l water ... table 

aqµ;ifer:' in .the, southeastern part. of: .the county._ Favorable 

··_ add:i:ti:ona•L developmJnt in:.. aI"eas .. where: its:: saturated · thickness 

i"" a,t: least. 3 !)i feee\an<i remote< fl:"_, saJ:ine surf aoe.~wateJe 

... t, 
Ii<; 
f:'~).> 



The h.ydrau.l,ic charac:;ter':istics of the suboceanic e~tensions 

of tnese- aquifetts have a g>reater influenc.e on aquifer response 

to pumping near the coast than to pumping. inland :from the 

coast. :aecause mucfr of the. neavy puntping is aJ.ong the 

coast., the lack ef iafotmati91l of ct>nqi.itiotis off - snore is 

unf ortun.a.te .• 

B. .. M:icld.l~$¢~. ~oµp.i;z 

Ptizs.:i.®l .. _. C:na;i:;acteri.-st.ic:s 
Of the · various aqui:fers · within t.ne coun.ty three . are ot 

major importa.·nce.. '!'he rocks of the New~r:k g.roup .ate the 

. princ:ipal source of groun<iwa.ter · in· the .northwe$tern par;;. of-.. 

the c;ounty~ The O-lii Sridge, ~d tarr·tngton. sa.nd.s, botll · 

mem,bers of the Ra.ritaxi f¢ril:\at.ioxt a,t:e t.he prineipal, s:e,UJ;:'Ce,s 

of water s:upply in the southeaste~n. two~thiras O:f the c¢>u,;:1;1t,y. 

_ The othel!' aqµifers are Of re.la.t;iveJ,.y .- l.ittle in't!porta:P.c~ 

I 

either becaus·e of the limited area in which they are avai.J.al::>le 

or because they az-e .. not capa.l:)le of yield.;i.n.g substantial 
supplies. 

The Old Bridge Sand drops. 01.it. o:i;:- is·. exposed beneath 

peJ;:nteable Pleistocene deposits .in an irregular. band that . 

extends . f.rom the Raritan Bay near south_-•··· .. Junbqy to and prob ... 
v' 

ably beyonq; Ja.me.$burg.. The thiq~ness range from 80 to 110 

feet. T:he diJ? of.thesan<iis variable but it ave.rages• 

approxima.tely 40 to 4.5 feet per mile to the· southeast •. · The 
' . . . . '• ' . . ) . 

water from the Old. B.ridge< sand is- excellent for. most uses. 
' rron.removal.plantshavebeen installed by·a.· num.be.r of the. 

larger users of water from this sand. 



I 
I 

Th~- E'arringtonl sand. occurs,both no:rthcand south of the 

Raritan R:i..verand I?f=Obably across theArthur.Kill on Staten 

IsJ. .. and .. " . It.. crops, o4t :i.Il .a, baind nearly a rt1ile wide along the 
I •·. . . . . ·. . . . 

southeast edge. of E'arJ;."ington t.ake wJ:tere severa.l sand pits 

,giveagoo<J.opport+ty to,ex-;i.neit. 'l'he•fUJ.-l.tiu.,;kn<a~• 
of the sand dips toithe southeastat,therate r9fabout 55 

i 
feet p~ mile •.. · Thef uncontaminatad wate.r f;i;:-om th~ Fat:rington 

I 

sand i$ exceptionalfy good for most purposes\, The only 

fJature of thi.s. wat~r that. is, sometimes object.ion.;:1.ble in its 
I 

·iron content. · 1·. 

·· The '1'ria.ss:ic rbcks ix1 New Jersey belong to the Newark . 
·. . .·. _.· . . L .• .. 

groupwhich;,.is divlf~d into three fo1;Illations: Stockton 

formation;. tl1e, Lock,tong format.icm anc::1; the< Brunswick formation. 

All .the sedimeritarylrocksof the Newark group diti to the 

northwestat angleslof ·s0 . to.-159. With the, exc.eption of the 

water that. are., contlminated 0'7 t .. he intr. usi. o_, n .. •• ·· ... of sea.· water, · . . . . .·. . . . . . . . I ;J. 

' . · j ·· . ·.. ' • . I . · 
1 tlie• water from, the ,ewark group. is m9re highly mineralized. 

;l)>ul .·any o~er . ~o~tdwate~ o\,tailied in ~ddlesex CoUl)tY. 

The water is h.igh .. i[- caLcium and mi:lgnesuJ.nt and the hc;rdness 

is theref0re. high. jlAlso there ·are, high qua,ntit.i.es of( iron. 

Analx:s:is-
I 

There appears io be .danger of· salt ... water intrusion into 

th~ Otd Bridge sand,lat two points. At the south Amboy Water 
. ·.· . . . . ••· . . ... I .. 

. works.; where· the Sant :is exposed to· salt water in the Rar:itan 
B . . .. d . · · · t. h. · · . ·· .. I . t f 01· d .. · .. d.. h. . , b k . h ay an J.n: e, VJ.cup. y o . ·. · .. • Bri ge w ere sa.i.t or .rac J .. s 

water iil the. Sou.th iiiver com.es in contact with. its intake 

area. · There is no· J,idespread salt-water enc:roachUtent · problem 

in this aquifer yet,] howeyer, the intensity and distribution 

I 
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pumping has·been limited by the threat of such encroachment. 

In the· vicinity of Parl.in there are areas. in which the Old 

Bridge sand has been contaminated by industrial wastes. 

Widespread salt-water enc:l:'o-acnmentin the :Farrington 

sand· Member .. has caused num.e-rou$ wells to be abandoned. The 

three princ;i,.pal places. where sa.J,:t water· has e.ntered the 

Farrington s.and are near the con:fluen<;:e of th$ sou:t,h River 

and the Washington Canal, abput a ~ile downstream front the 
confl:uence of the wash.in.gt.on Can.al and the Raritan River, 

a.nd neat: the mouth 0£ the Raritan River. The greatest 

advance. of salt water has· been in the a.l."•ea $Ou.th, of l?a.rlin. 

!f not restricted, .tbe encroachment of salt water tl1rea:t:ens 

1:0 rendel:' a aonsidez:able part of this aqµ,ife+·t;r.nfit tor use 
in most of the area .sou.th of Parlin.. There,,is ove~p.l$p.age 

and the. salt-water encroachment p:i:-ob.l,em in· the Runyon we.ll 

field. 

Industt'ial pollution around Rt;r.nyon and po].lution :from 

land. fiLls in. the. South Brllnswick vicinity as well a$ isolated 

cases of septic system pollution are the threads of further 

degradation of water quality i:p. the Miod.lesex County • 
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3. Central Sho_re 

Ocean County 
I 

h ' 1 h I • • P ysi.ca_ c aracter1.st1cs 
'1 

Groundwater iri Ocean Coun:ty is obtained principally 
I 

from four artesiamlaquifer: systems and. a water-table aquifer. I. 

The artesian aquifers·· in ascending stratigraphic order are: 
i 
i 

the Raritan and.· Magothy Formations, the. Englishtown Formation, 

the Wenonah FormatiJon: and,. Mount. Laurel. Sand, and . the Kirkwood 
. i 

I 

I 

Formation. 

The Raritan anr Magothy Formations of.· .Cretaceous age 

form an artesian aqµ;ifer system. 600' to 2,000 feet thick. 
I 

Well yield. of 500 tj lt,000 gpm: (gallons per minute) can be 

expected:, but. yieldf q.S: high as- 1,850 gpm have been obtained. 

Recharge' to theaqu~fers• occurs from:precipitation, mainly 
! 

in the high level ihtake area from Trenton northeast to 
I 
I 

Metuchen in norther~.MiddlesexCounties1 as well as' from 
I 

vertical. leakage .. Potable-water in the aquifer system is 
I 

soft (28: to51 ppm hardness) and: is.generally high in iron 
! 

I 

content· (0. 66 to 3 •r· ppm). Temperatures of 70° to ·90oF make 

the water less desi.table than: shallow water for cool_ ing 
. I -

I . 
purposes. In the s'uthernpart: of the county, saline water 

I 

is contained below 2,500. feet in depth in the Raritan and 
I 

Ma.gothy Formations., I so wells approaching· this depth may 
I 

include.• saline wate~-- The. salt water-fresh water interface 

zone in the.Raritaniand. Magothy Formations trends through 

the Island Beach 
I 

St~te 
I 
i 

I 

I 
I 

I 
I 

Park area. 
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. . 

Aquifers: u, undifferentiated water-table aquifer; K, aquifer in the Kirkwood Formation: 

V, aquifer in the Vincentown formation; W, aquifer in the Wenonah Formation 
. . 

and Mount Laurel Sand; E! aqµifer in the Englishtown E'ormation; Jl, aquifer in 

the Raritan and Magothy Formations. 

Area Aquifer Ayailability of ground water 

1. . Summer Coastal Resort ·· K K, yields; as much as 500 gp.m. t}secl for pubiic 

supply~ Potential sea-water intrusion as water 

· l.evels are below sea level. sµnuner pumpage, · 5 

2. Undeveloped Pine Barrens 

v are absent. 

R, yields as much as 2,000 gpm possibl.e. Saline 

Wiiter in so-uthern part of area.. K, well yield.~ 

less than in Area l. Wetter locally acidic anq 

high in iron content 0, yields as much as 1,000 

gpm possible. Wate:r: may be nigh in iron content, 

acidic and odoriferous. E. · W, ana·y are absent .. 



J. Urban 

Rurc}.l 

~,. sam~ ~sin a+eci 2. J?umpage 5 to 8 ingd. $~ 

yie+ds up to SQO gpm~ Highly developed~ Pumpa~e! 

e, Ill~d. · f>¢?t~w~t:e+ intruf3ion poss:U>le as water 

feyel~ nave declineg as JllUCfl fl~ 90 feet~ W, 

y.iel<ls l~f?~ tharf 19() ~pin. 

Pµml:)age l;es~ tti,ci.q l $llgd. 

Re:J.atively undevelopecl. 

K, yields up to several 
••• "•. '. • "• 1 C > • 

- -------------- _ _:...._ __ --- - . . -. . . 

~,E,K, ctnd 
- ' < ,. ., ·:· 

WYielctf3 up to f>eve+4l hunqreq9pll) ar~ pof3siple. 

Table 3 - Summary of ava;i).abiJ.ity of ground w~ter $.µ Ocear1 County. 
w 
._,. Soufce: SJ:lecial Report ijo. 29 · 



. . ' 

The aqui_f er in th,e Englishtown Formc1.tion produces 

maxiniumwell yields of less than 500 gpm,. and. the average is 

260 gpm. Recharge· to the fapnation occurs. predominantly 
' from vertical leakage down through the overlying younger 

I 

formatiQn.$- in ._the .. topographic high areas of Monmouth and 

Camden cou1';ties ,. s to 10 miles southeast of the. Englishtown 

outcrop area. Water from. t.he Eng.l,isht¢w-n Format:i.ort is. spft 
I( 

to mQder-at£!lY hard. t30 to 82 pp~ nat0Jle$s artd the pH rang.es 

frottl 7.s to 8.3. The aquife1= thins t9 the sc,utheast and is 
absent in southern oeeari Co1.+nty. 

The aquifer. of the Wenonah F-Orrnat:i.on, and Mount Laurel, 

Sand yields ~all quant:iti.es of water to wel.J.s (les$ than 

100 gptn) and, is relatively undeveloped in northern ocean 

county, howeV-er is. c41pab:I.e -.of further devel-optnent, The 

water i.s generally soft. tt contains h;i.gh ix:on concen-trat:i,.Qn$ 
\ 

locally. Oowndip, the Wenonah Fo.rmation and Mo't$nt 4aureJ,. 

sand becomes a cop.fining bed. 

· The I<irkwoo<i Fox-mation in Ocean county has wells that 
( 

yields as much as l,225 gpm, but the ave3;;age is about 4.20 

gpm. Recharge to tlle Kirkwood Formation occurs in the 

topographic high areas of the inner Coasta.l Plain: by vertiea.1 

leakage from the ·- overlying water-table aquifer. Water f!ttorn 

the aquifer in the Kirkwo<?d Formation is suitable :fbr most 1 

uses but may .require. treatment for removal of iron. It is 

generally $oft. to moderately hard {2.9 to 105 ppm. hardness) 

and generally. low in disso;I.ved solid. content. (4 to 180 ppm) . 
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. I 

I 
I ' ' 

The 
i ' ' ' 

water-tab:fe aquifer: y:j.elds, up, to 600 gpm.. In the 

settled; ?fne Barrens:, 0.6 •. m.gg 
' ' 

rectically· can. be tiithdrawn from; the, aquife:i;: with.011t depleting · 

. tlle, stora:ge.. · Wate¼< froltl. the.• water....-table . aquifer has. a low 
. . ...... . . I . .· . 

pH .(4:.4 to, 6, .• 7), high: iron content (0.09>to z2, ppmtt ·and an 

.unplea,san.t> odor·~· ~ear.•sBarn~gat ... Ba:y a:tld on the · J::>arrier 
. ' 

bec\\ch.,. 1the, .. aquife.:rlc::ontains·brackish wate1; •. • . I . . . 
The VincentowxL.Formation which' is tapped lq.cally in the 
. . .. . .. I .· ·. . .. 

. noJ:"thwestern:: p•art: of ocean, Count:t for d.omestic · supply coulct 
.. . . . . . I . . ,, 

yi.eJ.<if.. water. 3.n qua,ti.ty to< large .. , diamet•er: wells neaa;- the 

outc:roJ?• area. EJa.sJwhere,, it of.£ers:. ;little pot.ential for 
. I . 

· futther· develop·.men.tt ..... . . . · .. < I 

.. T~e •!4al\B.«qu~ IFQ:ation, .· Pilley Point .Cjel}el'ally considered 
an ,aquitard,. but i,~. yields up to 500 gpm. to. wells along the 

. coast. · This'.'. fo:r:maJion can be tapped· fuz,ther in ocea:tl co11nty 

for sma U to moQ.e:r~ te \.late,;: sµpplJ. es , ' 
Ana~fsis: I· 

I 
·Artes.t.a;n: aquii[er~, of the Raritan· and Magothy, ·:s:ng.lishtown, 

Wenonah and, Moµnt-. L'aure'1, and: I<it'kwood: Formations. an.d the 

. water-tal>J..e, a<iuife~ sJ1PP1¥. the pteSent water nee<!$ of. Ocean" 

County .. Of the$e.·,. ithe<Rari·tan and Ma,gothy and the water~' 
. I . .·. . . .. 

table aq'Ui,fer are tre largest and ;least. utilized ground-

water' resex-voirs, inf the: county and:. are the·. :most suitable for 

future,, large-·scale0 ~evel.opmept, .how-ever: in the. southern 

third: .of\ Oc;ea'n, counby•· ;. all: arru.i,£.ersi in the: Rar .. itan and 
.. · .. • J ·.· ·•·· .. · Magothy Formations: probc;!;,bly contain: salt water .. 

I 



The aquifer iri the Englishtown Formation is heavily 

pumped innortheastelt'n Ocean Courity. In this area, water 

levels in wellS hav€!! dee.lined fr.om above sea level to approxi•. 

mately 200 feet be.J.ow, s.ea level since 190·0, howevelt', the+e 

is n.o ev:Ldenc:e that. the .sea watet has inttud.ed. . the aqu.ife.;. 

The Kil."kw-ood FOPlta~·d.on is . the, mos.t heav-ily pumped aqutfe1rs 

on the New· .:rersey· <;?¢ast a,outcJ:1· o.f ijQlnitic:>lltn Coµnty •. · Si.rice 

1.~e:0,, . wat$,r l,/ev~ls . in wells tapping this aqµiter. have declined 

to .as much as 30 feet. below sea level on t,png :aeacb :tsland .• 

In the Point Pleasant area where the Kirkwood- crop$ out, 
s,alt water · wa'$ found tllere .• 

Tl:le water..,.talile aquifer is ptUtipE!d. heavily in the Toms 

Riv-er an4 La,kehur-$t · areas. · _ Fµrthe+ d,evelopment p,:f .weJ.l.$ te 

maxi.mum capg:¢it.'.Y' will. supstantial:l,.y dimi.ni.$h.··the •flow. o:e 
Toms River. · Ground wi:1ter. potl.ution in this aquiJe.t o<::<eurs 

from. dUJ:npi.ng of chemicals.. r:rne Pleasa.nt Plains inc::ident had . 

caused cJ.osing of ·.150 domestic. wells. 

- 40. -



I 4.. sou,t.11 S_hore, 
I 

A. ca.ee May Coµnty) 

~hys:ical. __ Cha1;abteristic:s · 
I 

Thre,e·main·aqu,~fers yield: fresh water-in Cape May 
.... · .. ·. . -··. . ·. i . .·_ . . ·.. . . . . •· . . ·.· . ·. .· . . .· county;· they are_ tllr u'nconfined: .. Ho1J.y Beach- water-bearing 

zone;, the· Collansey· ·pand,. and the, Kix:-kwood. Formation .. : · 

The Cohansey S~nd/ is.; t.lle m.~st- prodµctive aqui:f er in 
I - . 

Cape' May· c.ounty.~ If crops; out· aJ.ong the Maur'ice Ri,ver _in 
. . . -. ·- . . . I . . -·· . Ctllllberland;Cottnty and north:.of the· Tuckahoe and Great Egg 

- . -- - I . - . 
Har.bar· Rive·rs •-· in. Atlantic; county. - -The' principal high""'level . 1 . . 

rech:arge· area foz-' t~e, cohansey sa.nd is, not in the outcrop _ 
-_· ·_ .. - . .- . I -_ . - ·- - . . . 
area-but:in_tlleBelfeplain, area,of Cape May county and is>_ 

recharged,by:verticfl leakage•from the> overlying Pleistocene 

se"diments. · I 
I 

Water: from: ___ welts; tapping th:e, cohansey sand. have a low-
-· d" ·. . . .• I • . . h w· db. . . ·r· .. th l .. pH' an are· corrosJN~ J.n t e oo ine area.. -n ·. e ower 

I - -
pen,insular· area:. of <!!ape· May-County,, the · encroachment> of salt 

I - -
water. has impaired: the q'llality of water ip. th:e- aquifer . 

The Kirkwood FJ;rmation:· represents. a thick section of 
- . _- - - I - . - - - - -- - - -

marine, s.and. anc:t clay .. beneath, the:•· Cohansey•· sand· .• ··The· formation 
. . . . I . 

· contains, tw<r ponfin,,i; wa~-.bearing. zones. 'l'h!! top of. the 

upper· aqui-ter~Rio G1ande water-1,earing zone: occurs from 260 

feet:l::>elow.mean, sea[level in"the northwestern part of the 

coonty; to about .600 \:eee1: below- nt<!alt sea level in the southeast 

at: :Wildwood:,. · and· th~ zone'- is'. on; the· average 5-0 feet thick. 



widely. used. ~nd has a: <1:reate1: potent:ial·. tnan t:tie upper 

aquifer... South of Wild-wood; -i.t c::ent:ai·n$· .water ot high ehloridt 

conoent1:~ti0,n~ ... tttoi-e,, t~~rt 2.,5.,(j pat"U pet· m.illlt>~~~ re.La:tiv~lY · _-· 
' -

tii,gn,. d.i.-S$o.1ve<i. e~l::.tli ·c.on-&:en<t ;o · · Y'lel4~ o:f · b~!f:;w•en So;b eo :stlQ 

. major s.outae o.f. ;-eehatt:• t.Q tit~- -,g,itfet:s tn. t;be l<tJ.k~~d · 

· Fornta1tJ.on :i,.s p#e::ci:pation in., :t~$ · ~t~op- ~+-•e,• •. iin~, a:;,,e4..it 

eltt~n~-- qf the •PUtc~op oJ t.J;i• I<;J.l:k,WQO(i _ PQ~•t:ctl:)n . ~ite,n4Ji f!;,;r 

· a:boilt" 2.$0 -$.~at'~- nti.l.aJ ftcmt Glou.e~$i~e~ to M~mtt~th _ ,C;c)tJ~t..i•e$. 

' - -

- . .rec:hrix-g;$1 ,~y · gi.rect pere-ol-a11:i.on te 1:ne _ WiilUJt:· · tPl,6),~ --- '!be _ 
······.-.. , .... ·:.:·- ~- .- .. ~- ... 

. ·., ; ... · : . .. 

i,n an. ax-,ea of about l,60 squat'.Ea m;tl-c:\l$'._;- e~~l:uding tt;bs, l:.t~d 

area of the barrier·· bar f.:rom ooe-an _City to.· Wi,l;a'Wqbd.·- ari.d 

otner· tida.1;.;marc:ti are'!ls~ _-- tn: they' J..owet: penin$ula:t: area of_·•··_-. --

·c•pe M~y County; there· is no cbance '.for a. buil.d~q,, ~f f;te$h~ 

wat.-e;- head: .in. the · aqui:f~t :t.c;, .. ·pr.even:t· the $alt,~watet i~te1ttace 
fr-om · movi;.ng. inl•i:nd.,. Tne: .c,on$ttuotion, of,, ~lls n~aJt a l.ak49. . . ' . . . . . 

Oi; river whei'e thete is . a .. kn()Wfi -hy<b:a:UliC:' . ¢0?11't~·ctj.Qn. with 
the aquifet: affords- tlle oppo~tunttt :t:9• d·eY~le>IP- a• :t;;u.-;g..- · 

. ·. . ... _ . . . . :. ,• . . .· '• . :· 

capa-city supply by i:n4ucing i;nf.:i.l,ta;<1tion' ·9f surfac:~ water. --

The, wat;er .. i$: s,l.ightly acidic: and high· in iron· •. 



Anal:isis~ 

The heavy· deve:Il..opment of" the Cohansey Sand on the Cape 
. I 

May peninsula~as, l9wered, the,watertable, below sea level in 
' ' 

This ha.s,r~versed. theverticaJ:. and: horizontal . I .. . . 

hydt:a"Q.lic: gradients,!. on: the lowe:x;. peninsula.,, Water is now 

moving to the. centets of.,. withdrawal at: R.io G:i::-ande and Cape 
i 

May Formation. I ( 

The· w:ithdrawart from· the Atlantic City "800-fdot". sand 
! 

in,.Atlantic· and Cape May counties: ha,ve• reversed. the< hydraulic 
• . . .· .··. ·. ·.. I 

g:rt;l;dient ands:t;artefa" landward.migration of salt water from 
'' .. ' . . . i . ·. . the ocean.· The· deterioration of. water quality·.·· in the Kirkwood · . . . . . I . . . 

Fon>ation in the loter. peninsu1ar area of• Cape. Ma~ county is 
the, result of saJ:t ... rater encroachment causecl by- w:i.thdrawals 

from the· aquifers. 1 

! 
The majc:,r pt"Obtem deal.ing with future development of 

the Holly Beach: wat1r-bearing. zone, is: the danger o.f salt-

water encroac.hlllent. I During, severe subtropical or- hurricane--• 

type: storms·, salt s~rey is. drive!l appreciable distances 
i inland' iii: Cape May qounty. Salt-water flooding: in areas of: 

low elevation durinJ these storms is the severe and .. devas• 

tating type. of. poilJtion.. Other localize<i sources of· pol-

Iuti.on· includes, refJse disposal ... sites, septic tanks. 
r 

The· Cape Ma.y/ Canal, which~ was constructed as a war ... tim.e 

measure· during- the. J 9 4 0 ' g;,,, has, lowered the water table about 

12: feet in the· centJ.r: of: the county and released ,several . 
· ·11· · ·· · I · · · ·. bi .... 10.n gallons, of. f

1
resh: water from groundwater storage. 

. • I 

The, canal. creat~d'.: an
1 

island:: at. the: top of Cape May county 

a11d ... increas.ed the· dabger: of salt-water encroachment into the 
i 

· unconfined' aquifer. I 



5. Delaware ~a:z 

A. Cumberlarid Couni;:y 

Physical .. Cb,.aracteristiqs 

Almost all water supplies. in cuni.oerla.nd'County are 

obtained from wells- tapping·shallow, g:rourtdwater Sll.l)>Plies. 

Most wells obtain watel:' from the. C.ohan:sey•Kir.kwood aqUifer .. 

successively <:ieeper·· aquifers occur in · the lower part of the 
'. 

Ki:x:-kwooci Foritaticm, in the l?iney Point Fo~ation, in the 

Wenonah Forma,tion and.Mount Laurel sand, and in the Potomac 

Group and Magothy and Raritan Formations. ·. Each of these 

aqui£ers aJ;e separated. by confining or $emiconfining c:;J.ay 

layers of varying thicknesses. and. pe.rmeabilit:.ies. · 

The Cohan$eY•-Kirkwood. aquifer has ·its .recbarge area in 

the uplands in.the northern part of the c¢untyan4its: maip. 

discharge areas are in the eroded: str,ea:m valleys and ti\ial 

marcll areas along Delaware Bay. The g.roundwater in the 

Cohansey•Kir.kwood aquifer· generally i$ low in dissolved 

solids, less than· 100 mg/1,. has a low pH (4.2 to 7. 0), · and 

is usually corrosive. The water locally contains objection-

able concentrations of ix:on (up to 15 mg/1.), and nitrate (up 

to 65 mg/1). 

The second most important source of groundwate.r in 

Cumberland County is the lower Kirkwood, a.qui.fer. Most 

recharge to the lower Kirkwood aquifer probably comes from 

vertical leakage f1;-,om the overlying Cohansey--Kiriwood aquifer 

in. the- western, part of the county., The qua·li ty of water in 

this: aquifer, along· tbe>'Maurice, River: and Pelaware Bay indicates 

that. the; potential, fOr' saJ.t~water: int.rusi:ont isr minimal.. under· 

present: rates; in: . Cttmberlandt county,., 

.,_)\4J\:::;r;,, 



. ' ' 

The<. Piney· Point· Formation:,.,. u:nderlyi11g. the. Kirkwood. 
i 

. r 

Formation,. is> a, min?:r::· aquifer. in Cumberland. Cpuntyc. 

'rhe< aq·.·u.ifer: in:! the· Wenonah: Formation. and. Mo.unt LauJ:."el· 
. . . . 1 . . 

a., potent.i.a,l soux-ce, of a<iditional .freshwateJ:." 

su9p:lies;· in . . . . . i ' . . . . . 
Northerljl: Cuntbe:r::land County-.. This• aquifer> is not 

i 
presently utilized in, the county·,. however·, becau,se adequate 

I 
supplies. are available1 f:rom ... much shallower· aqu.ifers. Water 

I . 

• • . . I . .·. . . . .. 

qµ.ality in the· noi:tJ:ji,ern• part of. the county, where water 
'' ,. . 

' ' 

levels in thewenon4h~Mount: Laure.I aquifer are wel.1 above 
I .· . . 

sea level.," is ver.y: good> as indicated by anaJ.ysisi of ground ... I . . . . , 

: .J . •···· ·.· .. · .. water; in nearby Salem: County~ · The watei:: become.s, mare salty 
I . 

toward t)e.l.aw~~ BflYi 
·· Aquifers . in, th~r Potomac; Rari -t.an .. Mag,othy sequence cpntain 

I 

saline water and are not. currently utilized in· Cumber.land 
i 

county. 
I 

~na,lysi.s. I 

Groundwater· suJplieshavebeencontaminated in a. few I . . 
· areas, in the county l1argely as. a, z-esuit of. the 1ea¢hing of 

agri¢u).ti,ra:i .. ferti.l.f ers and the, uttproper dispoeal of: icndus-

t:ria.l wastes< and dom/;!stic· sewage. P:r.actices and processes . 

that. l.ead; to contamiration O·f grqundwater supplies are: 

poorlymanaged. la.ndfd.11:and excavation operations; leaka.ge 

. of soluble· sewage wabtes. from cesspool.s. arid, septic tanks. 
I 

Contamination: pl:'obl9f1s have· been repoi:ted in severa,t shallow 
I wells·, from, severa0L or these sources i11 Cumber.J,and, County. 
I 
I 



... · . ·. .. ..·•· ... ·· ····• .... ··· . · ... · ··. . ·. · .. ·· .. : 

·. Salt.;.w~t.er. intrusj_onnlay· occur $easonablY 
. . 

areas where sha•ll'ow aqui:fers: are- ltyd;eu1Ltcally. connected to 

De.iaware .·Bay. or ot.ller safti-watEU:;:··astuari.es. Secause o.f 

. greater· g;l;oundwake:t"• ·ievel:$· f)tontc p;ump:a(Je· in: sunmi~r than "in 

wLnt$r,, · watei .. qu;~.t:iJiy . ;Ln •many $h~ll ()w, :w~:1.1.s ~•a~ the ·t•idal : 

portions. :o'f .. c.o~~n·se;!t an.ti, ·Mau;eic$. !tvu· fl:¢b4bJ;.Y i~te:r.i@:tat~s:. 

·· s-easo.pal1y.,· , Jet s*ah a.teas. ·grolind.waAt$~ ·4tvet'.$;i<lm.1 tt\u;,S~' i,. 

eatte£uJ..1y ·itte,nit.q,~ed to· av9i4••4qfflage· to· .tbe•·watlat- $uppl.y •. ·· 
' ·.··-'. . . ._.. ·.. ,· . ,_ . . 

Minot j;;):t;~:$,iort ;e:r.obleii\11J: .• nave :o<;t:ru;a:~~d sta.so11allt in · d•etit:.et.$, 

0£ . plllt\page Xl.ea.r th$, Qre~tt~iqh, ·and .. the J?att -Nol:~i• az-~ a.nd 

•· ~l.ong. 0th~1; • t.ida.l lCi>wlands ne~t o.•ia.wate · .say •.. 
B ., .· ... • •. OqlJ:Z?:~i .·. 

,'.bi~J."C~:J. :C~a,;grt;eJ:~~~:'~¢,$. : . . -
. f;ne ~PQ~t'.ant aq~-i£e~e i-n the $4l•em countv· o:CQ'CJ.r. in t:he .·· ... 

. i>o•tomac G;t"OUP and .Ratitatf anQ. Ma.gotb:y F,o~nt~:t;i¢hS , We~onaih: ·· 
: .... -: . . .·,,· : . · .. :, '. ·.· .. •,.. . .. •.-: ·. 

Fortna tion . and Mount La.Ui:~1 Sanc:1., Vincentown Formation, . . ·.. .· .. -;· ·' . . .. · . . ... 

· · Collansey, ·.Sand,. and Cap:e May :Forntation .. ·. · Separa .. tin:g tt,.QS't 0£ 

tn,~·se.aquifers .. are confining layers c•omposed of clayer 
m:aterial.si •... 

.. . •., . .· 

·.· 'l'he. ~otOlt\~¢ Gt'oij, a;,:n(l: R~~it~.n and Magothy Fo~maUQns 

c•ontai.:n, :t.he mos:t. p:rpdud.1:iVe·, a~ifers ixf SaJ,ent. County .. ·· Tlley 

. qrop Oll.t in Salem. Cotint,y· ~diaeent: t,o the · o~l~ware .. River ~n a 

l9~sq1.1.are m.i.le.. trianguJ..at,:· are.a::: that ';h;a~13 a ntax.i,mµ,m w:i,d)th ot 3 

mi1es., ·The.sie· unitSi undEarile: appX'.oxi•tely·• 24 · sqU~l:'$. mile$-

of. the Delaware., River: ap:ct $x:t:en4: southwesterly' into -e.he: · 
·. · i state:: of:; oeiawar.t:·.:. ·• tit :New-~ Jersey·/ they d'ip\, to: ther $Otttheast:: •. 

; ;J·· 



i 
, . . , .. i . . . " ... ... . . , . . " , .... " · The· combined thickn,ss of these: fQrmations. in Salem County · 

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

or more, downdip .. · :R$porteq. yieJ..ds. of_ wells. tapping these . 

aqui£ersrange up tq,,360 gpm~, The, highest yieldscommonl,y 
i 

occur where. t.hesYsipem has, direct .. hydraulic connection witll 

the·overlyingCape,May· Formation neaZ"· theDelaware:River~ 
. . .·· . . . ·.·,· I 

Ch~ieal. analysis,indicate, that.most. of tl'l:e water from patts 
. . . . I . . .. 

of the aquifer· not, contaminated: by salt water is of good 
I 
i chemical quca.li ty. 1 . • . • · •• ....• ·• . 

<rhe a~.i;fe:r: in I the Wenonah FQP1lation And ~,,;µi,t .I4urel 

sand is,the second.Jost. highlyuse<.iiaquiferin Salem co-unty· 

· and is an importa:nt:lsource of water· .for· future deveiopment. 
. . I . 

Grcund-.water :re.charge, to> this aqµ;ife;r in Salem county, .. 
. . I . . . . .... ·· ·. . · ... ·. .• ........ · .. • .·• .. 

downctip front t,h;e ou,crop, .. is derived· mainly front vertical 

leakage,, fi;om overly~:r+g, aquifers. · .The combined l:)read.th of 

outcrop for the two1f~rmations varies from 1. to Jmiles in 

Salem, county, and: ttjeir total thickness is not believect to 
I 

exceect 120 fee~·... Reported. yields of wells range up to 507 

gpm.. Wat.er from th~s- aquifer ranges from soft to very hard 

d. . . · · . ·. · · . ·1· · .h' J . . . . . 11· . . . ,· . i..: ·1 an .... ·. l,S conuno~: y .. ig1t in. :i.;~on. Sa ·. t-wa ter 1,ntrµsion,. pro~ab y 

front the overlying. Viincentown Formation in the vicinity of 

the City of Salem isf indicated by c;hloride concentz-at.ions up 

to J96ppm. J 
The aqu:t.fer· ir1;: jt,h.e Vincentown Formati.onis an important 

,aquifer· in part: of srlem County.. It is cap~ble of supplying 

cons.i(ierably ... morewarer.·.than is now.being pumped andh.ence·· 

is an important soui;f e for futuI:'e groundwa-ter' development •. 

I 

I 
I 



Repo.r.ted yields of wells tapping this aquifer range up to 
I . 

27 o gpm. The water is,· hard and; is moderate to high in iron 

content .. Salt..;water intrusion is indicated by chloride 
( 

concentrations. of up to 2-,850 ppm. 
i 

The Cohansey sand,, which underlies about 2:S per.cent of 

Salem county is composed of highly perni.eable ma·terial.s and 

he:nc:e is capable of tran.smitt4ng lar.ge quani;ities 9£ water. 

rt is at:1 unpQrtant so,ur.ee fc;,1; ;,ut:uriat gr:c,undwate;:- ·· devel.c;:>pmiant .. 

It is rec:::hareq.. bY precipitation. on its outet:op area... ':t'he 
J \ 

fox-mation ranges in tnickne$s fx-om less than :t foot ne,aJ: the 

western edge o.f. its outcrop a.tea to a known a~ J:eet and a 

poss;l:b.le. 200 fe.et. in the ext.t:eme eastern part of the county.· 

water in the aquifer is ge:nera.J,.ly SQft and. slightJ.y mine.ral ... 

ize<i. However, iron and dissoived ca:i;;bon dioxide are commonly 
prese.nt in objectionable quantities. 

The Cape May:Fo~ation of P+eistooene age is an itnpottant 

aquifer in the Penns Grove-Deepwater are.a whe'.l:e it yields up 

to 1,500 gpnt to· Ranney collector wells., The Cape May For-
' mation crops .out adjacent to the Delaware River and its 

tributary· st:reams an~ underlies about 85 square miles. of 

Salem County. ':t'he formation is as much a.s 150 feet. thick in 

the southwest and. about 30 feet thick along. streams in th,e 

interior of the county. Where Pleistocene deposits are not 

thick. enough to· function, as.• an a:quifer· their chief hydJ:"ologic 

function is;to absorb.preiepitation. and transmit it to· 

under.lying, formations., 

/ 



Fine, sil.t and b1ay of Holocene, age occur· in tidal flats. 

and stream channels 1, in Salem County.. A,long the_ Delaware 
! 

River· and its: t:cibu}aries: these relatively impermeable 
1 materia.ls retard the: movement of saline surface water. into 
I ' . . . i 

the wat·er~bearing'. s~nds of: the underlying· materials. 
! I 
I 

I 
I A. decline:: in water levels in "?;he. aquifers of'the Potomac, 
I 

! 

Raritan,. and Magothy- has. resulted .. from heavy pumpage from 
I 

I 

this a'""uifer·· systeml This pump· age'., ha,s significantly modified -~ - - - . - I 

t-he-natura- 1-----.- pa ___ t __ t_-__ er_n1·.-of_-·: __ gro-un-d __ -water- ~o~emen--t in the ~ystem .. 
Whereas. groundwater discharge: was;. or1.g1.na.lly to the Delaware 

River: and. its tribu 
1
ory· streams'., it is now· to centers of 

water toward centers of- p~page has 
,. ) .- . '. 

pum,page. Movement> tf 
created thedanger:df 

- I - • -- i. . aquifer :from the De]aware: River and 1_ ts tr·1butar1.es as well 

salt-watE:rencroachment into the 

) I . 

as from: downdip areas, whe.re .the aqt1ifer,· already contains 
I 

saline water. '!'he 9ccurence o-f: saline water in the aqui.fer 

. is in<ii,ca.ted. by chl~ride concentrations in the Salem Area 
' . . i 

and at Cal;:'neys. Poin:q. 
. I 

Severa·l small areas of salt-water 
' 

encroachment: fr·om tHe'. Delaware River have been. develo_ -ped in - - . - - I 

th~; Deepwater area. I This does• not repree;ent a. massive I 
I 

incursion. of salt· w1terinto the aquifer: b~t indicates that 
I 

river water has acce:ss.- to the aquifer: .. , The layer of silt 
I . ·- . 

and organic_ muck in jthe bed of the._ Delaware River and in the 
. l 

, I ·\ 

tio.al Parts. of tribu!taries< to· the. Delaware limits th,e rate 

at which. salt water. ]can enter. an, aquifer:. Therefore, it is 
I 

extremely important:p.ot to remove significant thickness of 

t)iese protective, matrials. 

I -· 49 --



" 

Salt water may intx:ude the C~pe: }tay Formation· a.long t)ie 

Delawa:re: River'. and aJ.~~g. tidal.. reaches, of .·· it$,· t't'i:butax-y -·. 
'' ' 

$t.:reams if: the fresh-wa:t;er h.ead: in t.h~ aquif.er is• 1owereci 

suf fieiently· nea$ · pl-ace:~r wnel:!e- the· Pe.J.:a~~Je- ltttr@· and the 
cape ~y Fo~t:£en ~$:' hyd:raulte;aii:Y ~onnec·t~ii. ' ~aUiie' 

· water·· fr~m,: tile C'i!PE! ·FQQ$1:i:t>tf :C.$t:lt1trg:es t.~e old.et . for•~ · 

tiOn$,< W~:t~~, o·f pQOJt· ~a;Lity e:ijt.e;:t~g: 1'.~ C~ft· Ma..Y l?<:,~tiPll ·;. 

· c;:·euta· · ·11a~, · ·e~e;' llli,cht#tY-;,nt . · J:rQdu¢:ti~ a~~~,et .•. .. . tU:t.iit•· · . 

· wa.-tet with4~aw;al$ ~long t~e~-l'.leiawate: ·Jtv~~ ih<>uJ.;4 f?,~t>¢~~ . 
. .. : , . 

With- eat~• to: ave-lit; tui.;thet. expan$:~O,n- <>f t.bo$e c1.r&as in whicn· 
. s.aJ.t~watet·· .. ene~o$c~nt· ha:S · iZ:ak~ · f:'1.a;e~ and to p.;e;va~t. 

·. establ:i.Jihni$n1: O'f P,·$1·.· area:i;t Qf eiJic:itp,a<;::hrne.tJt;. 



A. . Gloui;:est.er'. County· 
I . 

Physic:;aJ.• .... chara~teristics·••• .. I 

There .· are · foux::·] aquifers where 1node:ra te to large amounts 

of water can be PUlllPed' economiqa,IJ..y. They are:· Ra;i::itan and 
I 

Magothy Formations., ... ! the Cohansey sand, and the Wenonah 
i . 

Formation and Mount1 r:.aurel sand.· 
. 1 . . . . 

Tl'l.e Mos ti impox:~ant and· product,ive: aquifer. is: the Raritan. 
:..:r M . t·h. · ·F ... ·· · t' I . ·. •T.h . 'f .. ' l..;i 1... t 75· · t· anu . • ago y orma J.~ns.,. e aquJ. er y:1.;e '4S aJ,,;lou ·• ··•· .·. percen. 

of.· .. the· groundwater" !sad in._the· county.~_ Wells yield. up .. to 
. . . i . . 

1,400 gp:m. and la:rge:!
1
capacit:y wells usuall.y. can: be d:i::-illed 

' , I ' 

almost. "nywhere, in fe eountY, ho~V<ir high c)ll<lddes m.,y be 

present in the· southeastern · par:ts of. the county. · ·. . ... ·•· · ... ·.· ·.. . I ... · ·... ···•·· .· _··. . , 
· The ~aritan· anl Magothr Formations crop out in a belt 

0.2, to 3.2>m.•. iles .. wide adJ'acent __ .··_· to··th.·e. De.laware· River and · . .. . . I . . . 

cover about 32' srrual!e miles: of: surface. area.in the county.·-•. . . ·. - -~. I. 

The• fo~ations:: undell:ie< the• Delaware Ri v;er a11d also crop, out 

in. Pel)nsyl vania .•. · J • 

rrl the, outcrop ]area• two watei;-bearing• zones are identif;ieq.. 

'l'he, upper zone·, usu~lly artesian,,. includes·. the w2l.te;-bearing 
•. . ·. I 

· beds;· in'. the, upper" 140 feet of the Raritan and Magothy For- • 
t .. . T.h 1· · .. _. f · . l . . . . 1· ma i.ons.. e, ower· Jzone, .is a ways: al:'tesian in G oucester · 

i . . 
Count:£:.-. and> is", compo$ed of. the water-bearing beds. in the 

formations. 

/ 



• 

'The Coha.nsey Sand is" th.e seconci most important aquifer 

in the count~! a.nd has the greatest. potential for future 

development. The fbl;tnat±on Crops out of about 150 square 

miles in the spar$ely populatect southern half of· the county 

andyielc;is of 800. gpm:ate I?O,ss·ib:J.e. from wells :1e•ss· than 200 

feet d,eep. The Cohansey sand: dips a.bout'. 11 feet per miJ.e 

anti range$ in thi<Z:kness :ff rom . a fiaw- feet i:n the outc:rop atea 
to l.30. feet at Newfield.... ~~ch~ge to the Cohan.~eye Sand is 

:from pl;:'eeipitatio:p. on the out.<::,top, a;i::ea an¢!. grount:$wate.r 
movemerrt is· ef:fe,c:te'1. to some exte.nt by; the topography. F:rom 

the high-leve.l intake area near Gr9ss. t<eys SQnte ground.water 

moves south a.rid disc½laJ::'ges.in:to it.ha G:teat igg aarbor Ri.ver 

and some, moves wes.t and d.iscll.-art:"ges :i.rito the Ma.uJtice River or 

its. tributaries~ 

The most undesiral:>le feature of• the wat.ei- in. this 

· formation is. the • iron cont£;nt for wnich the water mus.t be 

treated. 

The Wenonah Formation and Mount I.iaur~l San& are .c:apa.ble 

of yielding·too to200_gpznto wells in the altea between 

:e>itntan and Ttil:'.ne.rsville. '!'he outcrop t"an.ge.s in width from 

O .3 to l .. O llliJ.es and covers about lOO s.quare miles. The 

combin.ed tn:i.,ckne.se. of the. two formations in ·the cotLnty 

range$ frqm less than 65 to 95 feet •. 

The Wenonah Formation and Mount· taurel Sanc:i. is rechargea 

mostly by leakage through.the overlying formation. No 

s,j_ngle, clt~icaL analysis:: ma.y be, considered . typ.ical of water 

.frotnt• these>. f.o:rmations;.-:. toca,llifo••· •-.two· .m:LLes• east ... ·of Wenonah,· 
: .. : ,,.-·-· : : ' ' •· ·. . ' . . . ' 

±n·::the" blitc1:o0.pi, atea\.W'elt, ite:il.d$ Wa.tea:::·· that; contains· more 

· than•:;· 10()> rng/lit···eaeh of·· chXoride•· 



. \ . . :, . . . . 

-.·· --- .• -T_he:::quaLity_or watei::. ill' th~C Rar.·i.tan': an¢_Ma,gothy _rormat~on 
is,, influenced, bY,.tlie,, qua,lity of~ the .. Dela:wa;r;e· R~ver· -w~ter· •. -· 

The, Delawa;te.-. Iti.v~:U:'.;·\,robablY is .. :as, importan·fa a:, .SOQ.~Ci:a: 6,f . -

r!e~b;uge:, a$> iS,\ p:rectiP'i~atiorL on.> the; ou.tc:rop: -area;: therefore,f .- -

the· quality of the ~iver wa.ter is of prime, importance. 

ll;,,,ing- pe,::j;ods of lf"'-. fl-, river watei:·. of .poor quaJ;ity U 
me>re: tike:Pt'' tQ: .. :t;echFge, the·: a~:Lfers,. -- !f; . preventa ~ive ---

measures: to maintair, low-chloride .. concentrationa in the· 

river are. -not. adeq,:i.rte:, .. the' g.ro~ndwa-t.e~· supplies along the · 

lower: 1;ea~~e-s, of: tb~" Oelaware·, R.ive:r;,., }113;;.lJ ... be, the:a: first 
I . • . , • • • 

<l:ffaeJ;e<i,, .·· M"<>•-1 mqvE!>llle~t. Of ~c!¥ateic i,ac ii.flu~,,.j. 

by the. areas::, of, hear· indust;-·ial .. pumping ~n.,1:)oth. side$ 0:f -

the· :oelawar.e: River.\--

, -__ .: .. The:-Cohansey. Sand,. ia the-: county is; almo,st undevelop~-d: --
. . .. ' ' . . . .. . , ·, . . . . 

-. an(l; is:. ans: extremely. important·. poeeriti-,.l.'. SOU)t'-C~O: of_·. I<ir'.ge,· __ ••.•. 
>_ groundwater, suppl.;i.e: i however;,: an~r lar,ge .... sc.ale· pump.:i.:,;g front 

' . . . ' 

the·: Cooan•sey: Sand : . Y' decrea$e'.: the f'low o.£ the. n:iain· st:rea,Jn$ ,, 

•ucfu a~: Great ltgg" !i l,:b""' All<i-M""dce Ri":r a!1d. in birn lliay 
a:l.lQW :U~(;:.reae;ed:..u:rps1rean1s movement, of. sal,.ine wate:r: in th,e 

.· ·t:ida·i:- teache$, .of:--thJ-. str~am: in:- Atlantic, and and. C:wnberland --· 

-- .Col.U'lties ... 

· The< high:_ lQcal · zed:. nitrate" content< iri the ~en~tiah: · 
· · __ fot1ttat:ion. anEi, Mount, ta·ureL Sand: ind:Lcated local pollutiozl · 

p~o:Pable,· _dile.:,:to; tea- -ed. animal .. was.tes.o~ fertilizers .. , -.-
l?ol,lu.t;i,ofi; of;: this-. tr e: ls: no.t.:. u~coll¢1lon --in fa;n1in·g.: and rural 

. . , .. 

-ai~as •. • 



B .. Camden 

l?hysi<::al G:h.arac.teristics · 

The physica,1 charactel:'istics of. aquifers in Camden 

county are similar to Glouces:t;er County aquifers. 

AIJalYsi.s 

Areas of heavy pwnp.ing, in or near t.be int~ke area.s of 

the Raritan and Magoth~t aquif~J:'s:. r,eversed the normal flow 

pattern, so that, i.P.ducecL recha:c:ge . from · bodie$ o.£ suz-face 

water mainly f'rom the Delaware Rive:t,:, now · supplie.s much of 

the water dra\vn from wells. The water· in the Oelaware River 

upstream front. Cauiden has generally bee.n . of satisfactory 

quality for rec.harging the ag1,1,i.fers.,. and along this :e-eacb of 

the river the qgality of the groun.dwater has not been affected 

adversely by inciuced. recharge. In some .. Places downstream· 

from Camden, the river water is more: highly tnineral.ize<i due 

partly to po.llution by the disposal. of· wastes pr by ·a. .. com"" 

.bination of waste disposal and induced i;:-echarge from highly 

mineralized sources.ip,Philade1phia a.nd Gamden, but mainly 

to the advance.of salt water up the·channel from the Atlantic 

Ocean.. Induced recharge from the .river.·. in .such places · 

adversely affects, the qual.ity of the groundwater. Thus, for 

this aquifer. the protection of aqtli.fer recharge a;rea, though 

. important,.,. is less. important than protecting,.Delaware River 

water· quality. 
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