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PINELANDS GROUND-WATER ASSESSMENT 

EXECUTIVE SUMMARY 

1. Coastal Plain formations underlying the Pinelands con

sist of a wedge of unconsolidated sediments that reach a maxi

mum thickness of 6,000 feet beneath the Cape May peninsula ly

ing on crystalline bedrock. 

2. Major aquifers or water-bearing units are, from oldest 

to youngest, the Potomac-Raritan-Magothy sequence, the English

town Formation, the Wenonah Formation and Mt. Laurel Sand, the 

Kirkwood Formation, and the Cohansey Sand. 

3. The Potomac-Raritan-Magothy aquifer system is capable 

of yielding large amounts of water and is heavily pumped along 

the Delaware River. The top of this aquifer lies at a depth of 

500 to 2,000 feet below land su~face in the Pinelands. 

4. The Englishtown and the Wenonah-Mt. Laurel aquifers 

are important sources of water in the northern section of the 

Pinelands. Elsewhere, the formations are not exploited because 

of great depth or change in lithology. 

_ 5. The Kirkwood is an important aquifer tapped by coastal 

communities including Atlantic City. Yields of wells range 

from 700 to 1,200 gpm. 

6. The Cohansey Sand is a prolific water-table aquifer 



... 

that outcrops over ·a 1,SOO-square mile area. In some places 

the Cohansey is hydraulically connected to upper sands of the 

Kirkwood Formation. Yields of large-diameter Cohansey wells 

range from 500 to 1,000 gpm. 

7. 'l'he average thickne'ss of the Cohansey aquifer is 150 

feet, but it reaches a total of 300 feet along the coast. 'l'he 

Cohansey is a medium to coarse sand with an overall clay con

tent of less than 20 percent in most areas. 

8. Examination of 600 well logs has indicated the pres

ence of two extensive shallow Cohansey clay beds in the,south

ern portion of the Pinelands, which may be important in terms 

of waste disposal. 

9. Recharge to the ground-water reservoir is entirely 

from precipitation, which averages 45 inches per year. Slight

ly less than half of this amount infiltrates the ground and re

plenishes the aquifers. 'l'his recharge is equivalent to 0.98 

mgd per square mile or 1.6 billion gpd over the entire Pine

lands area. 

10. Depth to water varies from a few feet in the lowlands 

area to 40 feet in some upland areas. Water-table gradients 

range from 5 to 10 feet per mile in the coastal zone to 15 to 

25 feet per mile in the uplands. 

11. 'l'hree distinct ground-water flow patterns exist: a 
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shallow flow pattern with short flow paths in the water-table 

aquifer, an intermediate circulation. pattern in the Cohansey

Kirkwood aquifer system, and a deep ground-water flow pattern 

from the water table to the Raritan-Magothy aquifer, which is 

influenced by pumpage along ·the Delaware River. 

12. Water-level fluctuation in the Cohansey aquifer is min-

imal. In the upland area, the normal seasonal fluctuation is 

about 7 feet. In the lowland area, seasonal fluctuation is 

about 2 feet. 

13. Large quantities of water .(450 to 1,000 mgd total) can 

be developed from the Cohansey aquifer. The major constraints 

on deve~opment will be those imposed by man, such as establish-

ment and maintenance of minimum stream-flows and maximum accept-

able depth to the water table to protect sensitive vegetation, 

rather than the aquifer's ability to transmit and yield water. 

Plans for large-scale ground-water development should be care

fully evaluated by means of test drilling and. aquifer modeling 

and simulation. 

14. Further development of the Raritan-Magothy aquifer ap

pears possible except in the southern portion of the Pinelands, 

where the aquifer contains water wi~ chloride concentrations 

exceeding 250 mg/l. 

15. Only limited development of both the Mt. Laurel-

Wenonah and Englishtown aquifers should be considered because 
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of severely depressed water levels in both aquifer systems. Fu-

ture development should take place by means of properly spaced 

wells located near the outcrop areas. 

16. Long-term purnpage from the Kirkwood aquifer has crea

ted a deep cone of depression centered at Atlantic City. How

ever, a substantial quantity of additional water (85 to 115 mad) 

can be developed from this aquifer in the coastal region. 

17. The quality of the ground water in the Pineland aqui

fers is generally excellent. Cohansey water is acidic but very 

low in iron, dissolved solids, and nitrate. Kirkwood water typ-

ically contains excessive iron. Dissolved solids concentra-

tions in the Kirkwood increase downdip in a southerly direction. 

Published and unpublished ground-water quality data.~renot-suf-

ficient to identify possible local and area-wide ground-water 

quality probla~s or trends. 

18. The entire ground-water reservoir below the Pinelands 

contains fresh water (except for the lowermost Raritan-Magothy 

bed in the southern half) and there is no evidence of salt-

water encroachment in any of the aquifer systems. 

19. The Cohansey aquifer is highly susceptible to contarni-

nation from population-density and land-use related activities. 

Of particular concern in the Pinelands are landfills, deicing 

salt, spills, leaks, and septic tank effluent. 



20. Computation of travel times indicate that under aver

age conditions in the Pinelands, shallow ground water flows at 

a rate of 4 feet per day_ As no point is more than 1.S miles 

from a surface-water body, a contaminant in the shallow ground

water system would take about five years to travel from source 

to discharge point. Travel time along flow paths from inter

mediate depths in the center of the Pinelands to the Atlantic 

Ocean would be about 2,000 years. 

21. An inventory of potential sources of ground-water pol

lution shows the following in order of potential significance: 

a} Practically no information on type and volume of waste is 

available for the 46 industrial and municipal landfills in 

the area. Potential leachate generation based on precipita

tion and average landfill life is estimated at 860 million 

gallons per year. These landfills constitute a significant 

threat to ground- and surface-water quality. 

b) The effect of concentrated housing development and septic 

tank effluent on ground-water quality in the Pinelands is 

as yet unknown. However, a comparison of the Pinelands 

with similar hydrogeologic environments, such as Delaware 

and Long Island, indicate that such quality problems would 

arise in the Pinelands. The greatest threat to ground

water quality from this source would be excessive concentra

tions of nitrate, organic chemicals, and metals. 



c) Spills occurring as both accidental and deliberate dis

charges of chemicals and petroleum products are a hazard to 

ground-water quality. In the 1976-79 period, 41 such 

spills were reported in the Pinelands. 

d) Seven industrial waste-water impoundment sites have been 

identified. Total leakage of unidentified waste liquids is 

estimated at 140 million gallons per year. 

22. Ground-water quality management zones have been desig

nated based on the concept of allowing maximum retention of 

waste fluids in the unsaturated zone to protect the deeper 

ground-water flow system. This zoning takes into account depth 

to the water table (to locate areas with deep water tables) and 

presence or absence of shallOW clay beds in the Cohansey aqui

fer (to limit downward movement of contaminants). 

23. In order to protect ground-water quality as well as 

surface-water quality, existing landfills and waste disposal 

operations should be investigated and prioritized according to 

their potential threat to the environment as the first step in 

limiting.that threat. 

24. Ground-water testing and sampling operations should be 

carried out at suspected hazardous waste storage and disposal 

sites in order to devise possible confinement and control meas

ures. 



25. Land-use controls should be a primary tool to maintain 

ground-water quality in the Pinelands. Existing potential 

sources of pollution should be strictly regulated and monitored 

on a site-by-site basis. 

26. A moderately intensive regional water level and water 

quality monitoring program should be established to develop 

baseline data. 



1.0 GEOLOGY 

1.1 Introduction 

The New Jersey portion of the. Atlantic Coastal Plain physi

ographic province covers an area of nearly 5,000 square miles 

and all or part of five major drainage basins: the Raritan, 

Delaware Bay, Atlantic Coastal, and Rahway. Population density 

ranges from heavy in northern Middlesex County and along the 

Delaware River between Trenton and Philadelphia, to moderate 

(seasonal) along parts of the Atlantic coast, and to extremely 

light in much of the interior portion of the plain known as the 

Pinelands region. As population density is directly related to 

water use, the greatest demands on the water resources of the 

. region at present are along the Delaware River bet\-leen Trenton 

and Philadelphia, in northern Middlesex County, and along parts 

of the coast, with the resources being virtually unused in the 

Pinelands region. Ground water is the major source of water 

for public supply, industry, irrigation, and domestic use in 

the area. There are a few purveyors who divert surface water 



for potable use in the Coastal Plain, and some industries who 

use Delaware River water for cooling and process water, but by 

far, most of the region is dependent on ground-water supp~ies. 

The major reason for this dependence on ground water is the rel

ative abundance of high quality ground water at a relatively 

low cost, and the lack of suitable sites for the construction 

of surface-water impoundments. In 1976, est~ated ground-water 

usage in the Coastal Plain amounted to 440 mgd (million gallons 

per day) for public supply, industrial, irrigational, and other 

uses. 

Located entirely within the Coastal Plain and occupying 

1,660 square miles is the Pinelands National Reserve. The geol

ogy of the Coastal Plain formations that underlie the Pinelands 

is discussed below. 

The Coastal Plain is underlain by a generally southeaster

ly dipping and thickening sequence of unconsolidated sediments 

which lie unconformably upon a floor of crystalline rock. This 

bedrock floor dips to the southeast at a rate of 80 to 100 feet 

per mile and is nearly 6,000 feet below sea level in the ex-

treme southern portion of the Pinelands beneath the Cape May 

peninsula. 

The formations crop out in a series of belts roughly paral

lel to the trend of the Delaware River south of Trenton, which 

flows more or less along the Fall Line, an imaginary line which 
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divides the Piedmont and Coastal Plain provinces. The oldest 

sediments, those of the Potomac Group and Raritan-Magothy Forma

tions, crop out immediately adjacent to the Oelaware River. 

The outcrop belt of each successively younger formation occurs 

progressively further downdip with each formation in turn being 

overlain by younger and younger sediments and lying at an in

creasingly greater depth below land surface. Because the forma

tions thicken seaward, the dip of the formations decreases go

ing up the stratigraphic column and the dip of the Cohansey 

Sand is about 10 feet per mile. Table 1-1 is a generalized 

stratigraphic column of the Coastal Plain formations. Only the 

major aquifers and confining units are discussed in this report. 

1.2 Potomac Grou~ and Raritan-Magothv Formations 

The Potomac Group and Raritan-Magothy Fo:mations which lie 

unconformably on the bedrock, are the oldest, thickest, and 

most extensive units known to occur throughout the entire Pine

lands portion of the Coastal Plain. They range in combined 

thickness from a feather edge along their outcrop adjacent to 

the Delaware River to over 3,000 feet in the Atlantic City area. 

The top of the Magothy dips uniformly to the southeast at about 

45 feet per mile and in eastern Atlantic County the Magothy is 

over 2,000 feet below sea level. These beds are overlain by 

the Merchantville Clay and Woodbury Formation, which together 

form a thick and extensive confining unit throughout much of 

the Pinelands. 
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The potomac Group and Raritan Formation in their outcrop 

consist of medium- to coarse-grained, light colored quartzose 

sands ~~d fine-grained gravel and light colored clays. The Mag

othy Formation in outcrop is typically composed of dark gray 

and black clays alternating. with fine-grained micaceous quartz 

sand. 

The Potomac Group and Raritan Formation are believed to be 

for the most part continental in origin although marine fossils 

found in the Raritan indicate a marine origin for at least part 

of this formation. The Magothy is believed to be of both ma-

rine and non-marine origin. 

Although in Middlesex County the Raritan has been divided 
- -

into five distinct units and the Magothy into four, changes in 

lithology make it impossible to trace these individual units 

into the Pinelands. In addition to the change in lithology 

along the outcrop, great variations in sediments also occur in 

a downdip direction. 

1.3 Englishtown Formation 

The Englishtown Formation overlies the Merchantville Clay 

and Woodbury Formation and is in turn overlain by the Marshall

town Formation, a thin confining unit. The Englishtown ranges 

in thickness in outcrop from 140 feet near Raritan Bay to 50 

feet at Trenton and downdip reaches more than 200 feet in the 

Toms River area of the Pinelands. The formation dips uniformly 



to the southeast at about 40 feet per mile, and in southern 

Burlington County is 1,000 feet below sea level. 

In outcrop in the northern part of the Coastal Plain, the 

Englishtown consists of interbedded thin layers of light gray 

to white, cross-stratified fine- to medium-grained lignitic 

quartz sand and dark gray sandy silty clay and clayey silt. A 

lithologic change along the outcrop occurs with the Englishtown 

in the southern Coastal Plain being a massive dark colored 

silty sand. A short distance downdip, the Englishtown has been 

subdivided into two or three poorly defined thick sandy zones 

separated by one or two silty zones. Further to the southeast, 

around Lakewood, three distinct lithologic units are recogniza

ble in the Englishtown, consisting of upper and lower units of 

light colored silty fine-grained lignitic quartz sand with thin 

layers of dark sandy silt separated by a thick layer of dark 

gray sandy and clayey lignitic silt. Both marine and non

marine depositional environments have been suggested for the 

Englishtown. 

In Monmouth County, the northern half of Ocean County, and 

the northeast corner of Burlington County, this aquifer is from 

40 to 140 feet thick. In the southern third of Ocean, Burling

ton, and Camden Counties, the sand facies of the Englishtown 

Formation is not found and the unit is comprised of clay and 

silt. Sutficient data are not available to contour the sand 

lithofacies in the remaining portions of the Pinelands National 
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Reserve, and it appears that the Englishtown aquifer is absent. 

1.4 Wenonah Formation and Mt. Laurel Sand 

The Wenonah Formation and Mt. Laurel Sand are separated 

from the underlying Englishtown Formation by the Marshalltown 

Formation (confining unit) and overlain by the Navesink Forma

tion (generally a confining unit). The Wenonah-Mt. Laurel se

quence functions hydraulically as one aquifer. 

The Wenonah Formation is usually a micaceous, poorly 

sorted, silty to fine quartz sand. A brown silty clay has been 

noted near its contact with the Marshalltown. The Mt. Laurel 

Sand is a coarse, clastic quartz and glauconitic sand unit that 

often has a "salt and pepper" appearance due to its light gray 

and dark green sands. The Mt. Laurel predominates over the 

Wenonah Formation. 

The unit outcrops from Raritan Bay southwestward to Dela

ware Bay and reaches a thickness of over 200 feet in the subsur

face. The upper surface of the Mt. Lau~el Sand dips about 40 

feet per mile to the southeast and ranges in elevation from 

over 100 feet above sea level in its outcrop in the northern 

end of the Coastal Plain to over 1,200 feet below sea level be

neath the barrier beaches along the southeast coast of Ocean 

County. The Wenonah Formation and Mt. Laurel Sand are believed 

to underlie the entire Pinelands area. 



1.5 Kirkwood Formation 

The Kirkwood Formation overlies or overlaps the Manasquan 

Formation, Hornerstown Formation, or Navesink Formation (all 

generally confining units) depending on the location in the 

Pinelands and is in turn overlain by the Cohansey Sand. In the 

southeastern part of the ~inelands, the Kirkwood overlies the 

Piney Point Formation, which does not outcrop in the state and 

is only known from well logs (Nemickasand Carswell, 1976). 

The top of the formation ranges' in elevation from over 100 feet 

above sea level in its outcrop area to over 300 feet below sea 

level along the eastern edge of Cape May Peninsula and is an ir

regular surface. The formation is between 50 and 100 feet 

thick in its outcrop and thickens to over 800 feet in ~~e Atlan

tic City area. 

The Kirkwood is of variable lithology both along outcrop 

and downdip. In its outcroo in Salem Countv it consists of a . -
lower member that is a dark colored, thick bedded, very fine 

micaceous sand with a pebbly glauconitic basal layer 2 to 4 

feet thick and an upper member of silt and clay (Minard, 1965). 

In Burlington County, the Kirkwood consists of a lower member 

of brownish-black clayey silt to very fine-grained quartz sand, 

and a thicker member of light gray to light yellow-orange fine-

grained sand. The formation is least permeable in outcrop in 

Salem County where it is mostly silt and clay. 



Oowndip along the coast in Cape May County, five distinct 

members have been recognized in the Kirkwood. These are from 

oldest to youngest: (1) a tough brown basal clay; (2) a gray 

medium-to-coarse sand (Atlantic City "800" foot sand) or lower 

aquifer; (3) a blue silty diatomaceous clay; (4) a medi~~-to

coarse sand (Rio Grande zone or upper aquifer) i and (5)- a blue 

diatomaceous clay. 

The "800" foot sand, so named because of the depth at 

which it is most frequently found in the Atlantic City area, 

can be traced continuously from the Cape May Peninsula as far 

north as Barnegat Light (southern Ocean County) and from there 

discontinuously to Point Pleasant (northeastern Ocean County), 

whereas "the upper aquifer occurs only in Cape May and Cumber-

land Counties. Fossil evidence indicates a marine origin for 

this formation. 

Downdip the lithology of the formation appears to remain 

fairly consistent with the sand facies generally varying be-

tween 50 and 100 feet and showing no progressive thinning away 

from the outcrop. The sand facies attains its greatest thick-

ness in central Camden, Gloucester, and Salem Counties, where 

it is more than 115 feet thick (Nemickas, 1976). 

1.6 Cohansev Sand 
+ 

The Cohansey Sand outcrops in an area of approximately 

1,500 square miles in the Pinelands. The combined thickness of 
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the Cohansey Sand and overlying Pleistocene deposits ranges 

from less than 20 feet to 300 feet and averages about 150 feet. 

The Cohansey Sand overlies the Kirkwood Formation and either 

crops out at the surface or is overlain by a thin veneer of 

Pleistocene deposits, except in Cape May County where the Pleis

tocene deposits may have a thickness of 200 feet. 

The Cohansey Sand typically consists of fine- to coarse

grained quartzose sand with lenses of gravel that are usually 

one-foot thick or less. Lenses· of white, yellow, red, and 

light gray clay occur generally in the upper part of the forma

tion and may be as much as 25 feet thick. The sand is dominant

ly yellow (limonitic staining), but shades of white, red, brown, 

and gray also occur. Parallel bedding and cross-stratification 

occur in the sand. 

Lack of fossils or glauconite in the Cohansey Sand along 

with certain distinct lithologies and sedimentary structures in

dicate a transitional environment of deposition that ranges 

from stream and fluvial plain to beach and near-shore environ

ments. 
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2.0 HYDROGEOLOGY 

2.1 Introduction 

, Throughout the Pinelands area. and the entire Coastal Plain 

physiographic province there are numerous regional and local 

aquifer systems, aquifers, and sub-aquifers. However, there 

are only five major aquifer systems that can be considered tru

ly regional in nature and that are capable of producing substan

tial quantities of water. Characteristics of these five sys

tems are discussed below. 

2.2 Potomac-Raritan-Magothy Aauifer Svstem 

Lithologic changes that occur in the Potomac Group and 

Raritan-Magothy Formations along their outcrop and downdip make 

differentiation between the units difficult or impossible. 

This is compounded by the discontinuous nature of the sand and 

gravel beds and clayey confining units which makes the tracing 

of any particular aquifer over any appreciable distance rela

tively impossible. As it is believed that the aquifers in 



these units are hydraulically interconnected, the Potomac ~roup 

and Raritan-Magothy Formations are discussed as one aquifer sys-

tem. 

The aquifers contained within the Raritan-Magothy system 

are prolific and based on present development, the most impor

tant in all the Coastal Plain with the exception of the Cohan

sey Sand. The coarse sands and gravels readily yield supplies 

of 1 to 2 mgd or more to properly designed and constructed 

large-diameter wells. In Camden County, where these aquifers' 

are most heavily utilized, the yields of 106 large-diameter 

wells range between 500 and 1,900 gpm (gallons per minute) with 

an average yield of 1,000 gpm. The specific capacities of 96 

of these wells averages 29.3 gpm/ft (gallons per minute per 

foot) of drawdown (Farlekas and others, 1976). Similar yields 

are reported from other counties. 

In Camden County, results of aquifer tests at two sites in-

dicate a range in transmissivity (a measure of an aquifer's 

ability to transmit water) of 17,000 to 50,000 gpd/ft (gallons 

per day per foot). In Burlington County, pump test data at 

five different sites show a range in transmissivity from 46,600 

to 513,000 gpd/ft, and in Gloucester County a transmissivity 

range from 30,000 to 68,000 gpd/ft is indicated. Permeabili-
2 ties are usually on the order of 1,000 to 1,500 gpd/ft (gal-

Ions per day per square foot) or more. These pumping tests in-

dicate that downdip from the outcrop, water in these aquifers 
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is under confined conditions. Similar values of transmissivity 

can be expected in the Pinelands area even though ~~e materials 

may be somewhat finer grained and of lower permeability. This 

is so because the thickness of the aquifer is greater and trans

missivity is the product of ,aquifer thickness and permeability. 

Commonly, the Potomac-Raritan-Magothy system has two or 

three distinct water-bearing zones. Along the Delaware River 

in Gloucester County, an upper and lower artesian zone exists 

separated by a thick clay unit (Hardt and Hilton, 1969 and Con-

sultant's files). pumping test data indicate no apparent hy-

draulic connection between these zones. About four miles from 

the river there are three distinct artesian zones with the up

per two zones separated from the lower by a thick clay unit. 

Pumping test data indicate a connection between the upper zones 

but not with the lower. In Camden County, three separate zones 

have been delineated and in Salem County, three aquifer zones 

are known to exist a short distance downdip from the outcrop. 

In Ocean County near Lakehurst, data from drilling and 

pumping wells has revealed the presence of three confined water

bearing zones. The upper two appear interconnected and hydrau

lically separate from the lower. As these wells are a consider-

able distance from the outcrop, it seems reasonable to assume 

that these three water-bearing zones may occur regionally 

throughout the Raritan-Magothy aquifer system in the Pinelands. 
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2.3 Englishtown Formation 

The Englishtown Formation is most permeable and therefore, 

most highly developed in Monmouth and northeast Ocean Counties, 

especially along the coast. To the south and southwest, the 

formation thins and a facies change occurs with an increase in 

clay and silt. Large-diameter wells in the Englishtown usually 

yield 200 to 500 gpm with some wells yielding as much as 1,000 

gpm. Specific capacities for 119 wells completed in the Eng

lishtown Formation in the northern Coastal Plain average 2.9 

qpm/ft of drawdown; only four wells had specific capacities of 

10 qpm/ft or more (Nichols, 1977). Although many of the Eng-

lishtown wells are small-diameter domestic wells, transmissiv

ity values confirm these rather low specific capacities. Re

sults of two pumping tests on wells screened in the Englishtown 

Formation, one near Lakewood in Ocean County and one near Allen-

wood in Monmouth County, gave an average transmissivity of 

slightly over 8,000 qpd/ft where the aquifer is the thickest. 

Except for the outcrop area, the aquifer is under confined (ar

tesian) conditions. 

The Enqlishtown aquifer exhibits only a moderate to low 

permeability in Monmouth, northern Ocean, northeast Burlington; 

central Camden, and extreme southeastern Middlesex Counties. 

In most of the Pinelands region, the Englishtown is considered 

to be a confining bed. 
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2.4 Wenonah Formation and Mt. Laurel Sand 

The Mt. Laurel Sand is the major component of the aquifer 

in the undifferentiated Wenonah-Mt. Laurel Formation. The mean 

transmissivity values from pumping tests carried out at three 

locations (two in Salem County and one in Monmouth County) , 

range from about 5,000 gpd/ft to nearly 9,000 gpd/ft with the 

permeabilities ranging from slightly less than 100 gpd/ft2 to 
2 over 140 gpd/ft (Nemickas, 1976). Additionally, from specific 

capacities of 33 wells tapping this aquifer in the northern 

part of the Coastal Plain, an average transmissivity value of 

5,900 gpd/ft and an average permeability value of 97 gpd/ft2 

were determined. The three pumping tests indicate that the 

aquifer'in the Pinelands is under artesian conditions east of 

its outcrop area. 

The average specific capacity of the above 33 wells was 

4.2 gpm/ft and in Gloucester County, the average specific capac-

ity of over 100 wells was 5 gpm/ft. In Camden County, the medi

an specific capacity of ten industrial and public supply wells 

tapping the Wenonah-Mt. Laurel aquifer was 3.2 gpm/ft. Al-

though many of these wells are probably of small-diameter, the 

generally low values of transmissivity support the low specific 

capacities of these wells. The Wenonah-Mt. Laurel aquifer is 

very similar to that of the Englishtown Formation in its abil-

ity to transmit and yield water. 



2.S Kirkwood Formation 

The lower aquifer of the Kirkwood Formation is most permea

ble and most highly developed in an area centered around Atlan-

tic City. The permeability of this unit decreases sharply in 

all directions away from Atlantic City. 

The results of two pumping tests on wells tapping the 

lower Kirkwood aquifer at the Atlantic City pumping station 

shows a range in transmissivity from 66,100 to 93,SOO gpd/ft 

and permeabilities between 810 and 1,140 gpd/ft2. However, a 

test at Stone Harbor in east central Cape May County gave a 

tra~smissivity of about 26,000 gpd/ft and a permeability of 

less than 300 gpd/ft2 (Gill, 1962). Additionally, in Ocean 
-. 

County, an aquifer test on a Seaside Park Water Department well 
2 gave a permeability value of 200 gpd/ft. These tests indicate 

that water in the Kirkwood is under confined conditions and 

that the formation is highly productive in places. 

Yields of wells tapping the Kirkwood range from as little 

as 10 to SO gpm for domestic wells in its out~rop area to 1,200 

gpm for public supply and industrial wells located in the most 

permeable area near Atlantic City. In Atlantic City, the medi-

an yield of 27 public supply and industrial Kirkwood wells is 

700 gpm, and the median specific capacity is IS gpm/ft (Clark 

and others, 1968). 

The Rio Grande zone which only occurs in Cape May and Cum-
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berland Counties, -is not as productive as the lower aquifer, 

and elsewhere shallower sand zones in the Kirkwood are probably 

discontinuous. 

2.6 Cohansey Sand 

The Cohansey Sand is a very permeable formation that is 

equaled in its ability to yield water only by the aquifers of 

the Potomac-Raritan-Magothy system. Throughout much of the 

Pine1ands area, the Cohansey Sand aquifer includes thin depos~ 

its of overlying Pleistocene materials which are generally 

quite permeable and are hydraulically connected with the Cohan

sey. However, in Cape May County in places, the Pleistocene de

posits ~re quite thick and are hydraulically separated from the 

Cohansey Sand by confining layers. In some areas, especially 

in Cumberland County, the uppermost part of the Kirkwood Forma

tion is in direct hydraulic connection with the Cohansey and 

forms part of the aquifer. 

The thickness of the Cohansey aquifer is shown on Plate 1. 

The map was constructed by examining about 600 well logs on 

file at the New Jersey Department of Environmental Protection 

(NJDEP). It should be noted that the values shown on the map 

represent the thickness of the upper· aquifer down to the first 

confining bed. In some cases, as noted before, this aquifer 

zone includes the upper sand of the Kirkwood Formation as well 

as overlying terrace deposits of the Cape May Formation. 



As shown, the Cohansey aquifer system increases in thick

ness from a few feet along its outcrop line to over 300 feet 

along the coast. Thick aquifer areas are in Bass River Town

ship between Cumberland and Dorothy (greater than 200 feet), 

and along the coast from Long Beach to Cape May County (greater 

than 300 feet). The aquifer is relatively thin (less than 125 

feet) in Mullica Township between Hammonton and Weekstown, and 

near Brookville in Ocean Township. Generally speaking, the 

thicker the aquifer, the more water can be developed from wells 

tapping the unit. 

In addition to aquifer thickness, the lithologic composi

tion of the aquifer material was examined. Plate 2 shows the 

percentage of sand in the aquifer. This percentage was calcula

ted by examining each well log for clay and sand content and 

the map was constructed by contouring the percentage values. 

As shown, the percentage sand in the Cohansey aquifer is high. 

A linear pattern is visible in the sand-clay relationship, prob

ably reflecting an ancient depositional channel. This channel, 

filled with 80 to 90 percent sand, Crosses the Pinelands from 

Hammonton and Indian Hills to Quaker Bridge, Jenkins Neck, and 

Brookville. 

Areas where the Cohansey contains significant percentages 

of clay (30 to 40 percent) are located between Toms River and 

Dover Forge, in the Winston area, and between Estellville and 

McKee City. 
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Aquifer tests conducted on wells tapping the Cohansey aqui-

fer at more than ten sites give values of transmissivity which 

range from 27,000 to 220,000 gpd/ft and permeability values be

tween 400 and 3,000 gpd/ft2. More common values of permeabil

ity throughout much of the aquifer are between 1,000 and 1,200 

gpd/ft2 (Rhodehamel, 1973). Generally, the permeability of the 

aquifer is very consistent over a wide area. The lower values 

of transmissivity occur to the northwest where the formation 

thins and in southern Cape May County, while the higher values 
" . 

occur in the central part of the Pinelands and downdip to the 

southeast where the formation thickens, specifically in Cumber

land County and the Mullica River Basin. 

Specific capacities for large-diameter Cohansey wells in 

Atlantic (29 wells) and Cumberiand Counties averaged 22 and 30 

gpm/ft respectively, and in Atlantic County the median yield of 

these wells w~s 720 gpm. Seven wells belonging to Seabrook 

Farms (Cumberland County) tapping this aquifer had an average 

specific capacity of 32 gpm/ft and an average yield of over 

1,000 gpm. One well in White Bog (Burlington County) reported

ly has a yield of 2,000 gpm, and a well near Chatsworth (Burl

ington County) has a specific capacity of 121 gpm/ft. 

As indicated by the above data, the Cohansey aquifer is 

highly permeable and can store and transmit large quantities of 

water. Well yields of 500 to 1,000 gpm or more should be ob-

tainable in most areas of the Pinelands. 
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Usually, the Cohansey aquifer is under water-table condi

tions except where confined by clay beds. Examination of the 

well logs and stratigraphy has indicated the existence of exten

sive clay beds in the Cohansey at relative shallow depth below 

land surface in· some areas •. The extent of these clays is shown 

on Plate 3. Two major clay units have been identified. The 

first, a white, tan, or yellow clay lies 10 to 40 feet below 

land surface and has a thickness that ranges from 10 to 50 feet. 

The second clay unit is blue or gray clay which lies 50 to 115 

feet below land surface and has a thickness that varies from 10 

to 75 feet. The two clay units are found adjacent to each 

other and overlap only in a few small areas. As shown in Plate 

3, the shallow clays are confined to the southern half of the 

\ Pinelands. 

2.7 Hydraulic Regime 

2.7.1 Recharge and Discharge 

All naturally occurring fresh ground water in the unconsol

idated formations of the Pinelands is ultimately derived from 

precipitation falling on the region. Part of this precipita

tion is returned to the atmosphere through the combined proc-
. .. 

esses of evaporation and transpiration (evapotranspiration). 

Part of the remaining portions runs overland to surface-water 

bodies (overland runoff), and part infiltrates the soil and per

colates to the ground-water reservoir (recharge). Throughout 



the Pinelands National Reserve area of approximately one mil

lion acres or 1,660 square miles, an average of 45 inches of 

precipitation as water falls per year. This is equivalent to 

2.14 million gallons of water per day per square mile or 3,550 

mgd over the entire Pinelands region. 

Rhodehamel (1970) has made some estimates of evapotrans

piration losses, overland runoff, and ground-water recharge for 

the Cohansey outcrop area which have been up-dated. Forty

eight percent of all precipitation is returned to the atmos

phere by evapotranspiration; the remaining portion consists of 

6 percent overland runoff and 46 percent ground-water recharge. 

Eventually the ground-"later recharge portion is discharged to 

streams and other surface-water bodies as base flow and this 

combined with the overland runoff makes up stream flow out of 

the region. 

Therefore, recharge to the ground-water reservoir in the 

Pinelands from precipitation averages 20.7 inches per year or 

0.98 mgd per square mile. This amounts to 1,630 mgd over the 

entire Pinelands National Reserve area. Because the Cohan

sey Sand outcrops throughout the entire Pine lands area or else 

is covered by a thin veneer of hydraulically connected Pleisto

cene deposits, the 1,630 mgd is recharged to the Cohansey Sand 

aquifer. }\ctually, a small portion of the Pinelands National 

Reserve area in the north and northwest is underlain by Kirk

wood outcrop and not CohanseYi however, as explained previously, 



the Cohansey Sand aquifer; in places, includes the upper sand 

/ beds of the Kirkwood Formation, especially near the Kirkwood

Cohansey outcrop contact. Therefore, precipitation on the Kirk

wood outcrop is in effect recharge to the Cohansey Sand aquifer. 

Plate 4 is a water-table map of the Cohansey Sand. This 

map was prepared by taking stream elevations from the New Jer

sey State Atlas Topographic sheets and contouring these points, 

keeping 'in mind the land surface topography. Water levels from 

wells tapping the Cohansey Sand were used to supplement the 

stream and topography data. The basic assumptions in preparing 

a water-table map by this method are that the shallow surficial 

aquifer is directly connected to the streams that drain its out

crop and that stream elevations are representative of the true 

water-table elevation. For, the- Cohansey S'and in the Pinelands, 

these are very good assumptions. 

Rhodehamel (1970) points out that "The landforms of the 

area are all of low relief, and they affect the hydrologic re

gime significantly. The low relief ..• has a direct bearing on 

the location of areas of dominant ground-water recharge and dis

charge .," Examination of the water-table contour map shows gen

erally flat hydraulic gradients ranging from 15 to 25 feet per 

mile in the upland areas to 5 to' 10 feet per mile in the low

lying coastal areas. These relatively gentle water-table gradi

ents are to be expected with a highly permeable aquifer such as 

the Cohansey where less of a driving force is needed to move 
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water through then for a low permeability aquifer with a great

er resistance to flow. The water-table map is useful to deter-

mine the direction of shallow ground-water flow which is at 

right angles to the contour lines. 

Rhodehamel has mentioned the idea of local and regional 

flow patterns in the Cohansey Sand aquifer; the concept being 

that some portion of the recharge to the Cohansey moves only a 

short distance through the aquifer before being discharged to 

local streams while the remainder of the recharge follows deep

er and longer flow paths in the aquifer and discharges to dis

tant streams at lower elevations. .The basis in fact behind 

Rhodehamel's concept is that long-term stream flow records for 

parts of the Pinelands show variations in the annual runoff 

rate above and below the average value of 23.5 inches for all 

the Pinelands. For example, McDonalds Branch, an upland stream, 

has an annual runoff rate of 14 inches while the Mullica River 

near Batsto, a lowland area, has a long-term runoff rate of 33 

inches. 

These variations in runoff cannot be ex~lained bv the vari-
- -

ation in precipitation between upland and lowland areas, but in

dicate that some of the recharge in upland areas moves downward 

into a deeper flow system instead of being discharged to local 

streams. In some upland areas, such as the area around 

McDonalds Branch, stream flows are below the regional average 

because of reduced ground-water discharge or base flow. Eventu-



ally, this recharge in the regional system discharges to some 

distant stream at lower elevation, such as the Mullica River 

near Batsto, increasing its base flow and causing a stream flow 

above the regional Pinelands average. 

As far as designation of recharge and discharge areas is 

concerned, it can be surmised that the entire Cohansey outcrop 

is a recharge area, except for narrow discharge areas along 

streams and other surface-water bodies. Major recharge areas, 

especially for the deeper portions of the aquifer, are restric

ted to the topographically high upland areas of the Pinelands. 

Two hydraulic sections have been constructed to illustrate 

ground-water flow patterns in the Pinelands National Reserve. 

Plate 5 shows hydraulic conditions in the Cohansey and Kirkwood 

aquifers, and Plate 6 is a conceptual diagram of ground-water 

flow in the entire ground-water reservoir from the water table 

to the crystalline bedrock. The Cohansey-Kirkwood flow section 

is based on August 1975 water-level measurements made in a se- . 

ries of u.s. Geological Survey (USGS) observation wells located 

on the Wharton tract. Some of these wells are screened in the 

Cohansey Sand and some in the deeper Kirkwood aquifer. The 

equipotential lines and the ground-water flow pattern illus

trate the shallow and intermediate circulation pattern. Local 

flow paths are short, to the Mullica River for example, but the 

deeper ground-water flow pattern is toward the Batsto River or 

through the Kirkwood to the Atlantic Ocean. These hydraulic 
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conditions are typical of the Pinelands region. 

On the section, the Cohansey and Kirkwood aquifers are pre-

sented as one hydrologic unit. In actuality, of course, flow 

patterns would be more complex due to the presence of confining 

beds in the subsurface. 

The deep ground-water flow pattern below the Pinelands is 

snown on Plate 6. This cross section traverses the northern 

half of the Pinelands and the Lebanon State Forest and termi-

nates at Island Beach State Park. Aquifer and confining zones 

have been delineated based on the s·tratigraphic information 

from deep wells. Potentiometric data from deep aquifer zones 

is extr~ely limited~ however, it suffices to establish a first 

approximation of hydraulic gradients and ground-water flow. 

Long-term pumping of the Magothy-Raritan aquifer along the Oela-

ware River has created a regional cone of depression in ~~is 

aquifer, which extends below the Pinelands National Reserve to 

the Atlantic Ocean. Heads in the Magothy aquifer along the Oel-

aware are 80 feet below mean sea level, at the Ragovin observa-

tion well (center of section), the potentiometric level is -27 

feet and at the Island Beach State Park observation well it is 

-2 feet. 

The cone of depression in the Magothy aquifer appears to 

be the controlling feature of the flow system and this low-

pressure zone influences ground-water movement in the entire 
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saturated zone from the water table on downward. As shown, 

heads in the aquifer system in the central Pinelands region are 

140 to 150 feet above mean sea level. The illustration shows 

equipotential lines of +100 feet, +50 feet, zero, and -25 feet 

as well as the ground-water. flow pattern. Deep ground-water 

movement below the central Pinelands region is northwestward 

toward the center of the cone of depression. 

Undoubtedly, there is an eastward component of deep ground

water flow from the upland region toward the Atlantic Ocean •. 

Additional potentiometric information from deep wells is re

quired to map such gradients and flow patterns. A regional 

ground-water divide must exist somewhere between the Magothy 

discharge zone (pumping centers along the Delaware River) and 

the natural discharge area along the edge of the continental 

shelf. At first glance, such a ground-water divide would ap

pear to lie along the New Jersey coastline. 

2.7.2 Water-Level Fluctuation 

The water table in the Cohansey aquifer fluctuates in re-

sponse to recharge and discharge. During periods of precipita

tion, the water table tends to rise and when precipitation is 

low, for example, during the summer and fall, water levels fall. 

Typical water-level fluctuations are shown by the hydrographs 

of three USGS observation wells (Plates 7 and 8). Plate 7 

shows lowest daily water levels in Well l8-V, located in the 
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Lebanon State Forest, and Plate 8 shows monthly low water lev

els in the Penn State Forest and in the Crammer observation 

wells. The location of the three observation wells is shown in 

Figure 2-1. Both the Crammer and Lebanon State Forest wells 

are located in the upland area close to the topographic divide 

between the Delaware River and Atlantic Ocean drainage basins. 

The Penn State Forest well is located in the Oswego River basin 

at lower elevation. 

Examination of the daily water-level record for the Leban

on State Forest well (period 1959-1967) shows a maximum fluctua-

tion of 5 feet. On an annual basis, the fluctuation is normal

ly 2.5 to 3 feet. Water levels are highest in March and April 

and lowe·st during September and October. The effect of drought 

conditions is visible in the low water levels during the fall 

and winter of 1965-66 when recharge was insufficient to replen

ish the aquifer. 

The Crammer well hydrograph (period of record 1952-1979) 

shows a similar pattern. Maximum fluctuation is about 10 feet, 

but normal annual fluctuation is about 7 feet. During the 

drought in 1965, the water level declined about 2 feet below 

normal. 

The Penn State observation well located closer to shore 

shows much less seasonal water-level fluctuation. During the 

period of record (1959-1979), maximum fluctuation was 2.5 feet, 
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but the normal seasonal variation was only 2 feet. During the 

1965 drought, the water level declined about one-foot below nor-

mal. 

2.1.3 Ground-Water Availabilitv . 

As discussed previously; all naturally occurring fresh 

ground water in the unconsolidated formations 0: the Pinelands 

is ultimately derived from precipitation. Evapotranspiration 

losses amount to slightly less than 50 percent of precipitation 

leaving the remaining portion as recharge and potential re

charge to the formations. Most of this recharge is discharged 

from the region through streams which carry runoff consisting 

of direct overland runoff and ground-water discharge (base flow). 

This base flow portion is recharge that has been rejected by 

the full ground-water reservoir and is theoretically available 

for development. Water available based on such annual replen-

ishment is often termed "safe yield." In addition to this wa

ter, there is a vast amount of ground water in storage within 

the Pinelands aquifers that can be withdrawn. 

It should be realized that although the coastal plain sedi-

ments consist of individual aquifers and confining beds, ~~ey 

all ~ct as one huge ground-water reservoir. As illustrated on 

the hydraulic cross section (Plate 6), the withdrawal of water 

from one aquifer can cause leakage from adjacent aquifers 

through confining units and. cause changes in recharge, dis-



charge, and movement of ground water in other aquifers. 

In the following section, ground-water availability is dis

cussed for the five major hydrogeologic un~ts of the Pinelands 

taking into account mechanisms of recharge, discharge, present 

development, and water-level trends. 

Cohansey Sand. The Cohansey Sand receives recharge from 

precipitation that falls directly on its outcrop area. Over 

the long-term an average of 1.8 bgd (billion gallons per day) 

of precipitation runs off as stream flow in the Pinelands from 

the Cohansey Sand outcrop area after water losses from evapo

transpiration have been satisfied. Pumping from wells could re

duce or even reverse the natural hydraulic gradient toward 

streams and capture much, if not all, of the surplus recharge 

which leaves the aquifer. However, as this base flow accounts 

for most of the stream flow, withdrawal of nearly 1.8 bgd wo~ld 

essentially dry up all streams and surface-water bodies drain

ing the Cohansey outcrop within the Pinelands. This would be 

undesirable from an ecological as well as aesthetic and recrea

tional point of view. 

A more sensible approach to development of the Cohansey 

Sand has been suggested by Rhodehamel (1970). Initially, a lim

it of assured minimum stream flow should be established. For 

example, an average of the minimum mean discharge for 30 consec

utive days each year for ten streams (areally weighted) drain-



ing 738 square miles of the Cohansey outcrop was computed to be 

equivalent to 0.46 mgd of runoff per square mile. Nhen this is 

subtracted from the average mean flow for the above ten streams 

of 1.07 mgd per square miles, an average of 0.61 mgd per square 

mile is left to be developed. Over the outcrop area of the Co

hansey within the Pinelands, this would amount to 1,000 mgd 

that could be developed while assuring a minimum flow in the re

gion's streams. Of course, a greater or lesser minimum stream 

flow could be selected leaving a lesser or greater amount, re

spectively, of ground water to be developed. However, mainte

nance of a 30-day minimum flow appears to be a conservative ap

proach. 

In order to develop this 1,000 mgd or a significant por

tion thereof, several factors must be considered. First of all, 

along the northwest edge of the Pinelands, the sand is too thin 

to allow development of substantial supplies and along the 

coast, especially in Cape May County and near Atlantic City, 

the possibility of salt-water intrusion could place restric

tions on development of large supplies. Therefore, large

diameter production wells should be installed in the interior 

of the Pinelands. Rivers such as the Mullica and Great Egg Har

bor, collect and remove from the area the surplus ground water 

(base flow) and direct runoff, which together average 1.11 mgd 

per square mile. Pumping from large-diameter production wells 

along the downstream reaches of these streams (above the head 
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of tide) could induce much of 'the flow (above the minimum flow 

established), to re-enter the Cohansey Sand for withdrawal by 

wells. 

A joint study (Granstrom, Nieswand, and Ahmed, 1973 and 

Durand, Granstrom, and Rudolph, 1974) by biologists and engi

neers was undertaken to determine the maximum amount of water 

that could be withdrawn from the Mullica River Basin through 

conjunctive use of surface and ground water without causing un-

due impacts on communities in the Mullica estuary_ Biological 

studies of the marine ecosystems in the Great Bay estuary (into 

which the Mullica flows) over an ll-year period including the 

drought of the 1960's, were used to establish a salinity regime 

for the estuary that would result in minimal effect on communi-

ties in the estuary. Minimum stream flows necessary to main-

tain the salinity levels were then established. 

A digital model of the ground-water aquifer/stream system 

in the basin was developed from which it was determined that a 

maximum monthly withdrawal of 118 mgd of ground and surface wa

ters could be obtained while still maintaining the minimum 

stream flows established. This withdrawal rate is a uniform 

one and during some months there would be considerable excess 

stream flow not used in the model which would average out to 35 

mgd over the course of a year. Recharging of this surplus 

stream flow to the ground water would make it available for use 

i at a more uniform rate over a longer,period of time and in-
~ . 
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crease the basin yield to 153 mgd. 

Although $imilar studies may be needed in other basins 

within the Pinelands National Reserve to determine the applica

bility of this technique, extrapolation of these results to the 

whole Pinelands area indicates that 450 mgd could probably be 

developed conjunctively from the Cohansey Sand with no signifi

cant adverse effects on estuarine communities. 

Any limits to its development would probably not be rela

ted to the aquifer's ability to store, transmit, or yield water 

but rather to restrictions placed on its development by man re

lating to assured minimum stream flows, preservation of fish 

communities, etc. Further information on aquifer characteris

tics includinq test well drilling and aquifer modeling would be 

required to evaluate any proposed large ground-water develop

ment scha~e in the Pinelands. 

Magothy-Raritan-Potomac System. This is the most heavily 

developed and widely utilized of all the aquifers in the Coast

al Plain. Estimated pumpage from this systa~ was over 240 mgd 

in 1976 and 'most of it was concentrated in its outcrop area and 

a short distance downdip of it between Old Bridge (Middlesex 

County) and the Gloucester-Salem County line. Pumpage from 

this unit has lowered the potentiometric surface below sea lev

el over a considerable area. 

In Burlington, Camden, and Gloucester Counties (tri-county 
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area) in an area extending from ~~e Delaware River to about 20 

miles to the southeast, the potentiometric surface has been low

ered more than 40 feet below sea level and in smaller areas 

within this zone it is over 80 feet below sea level. In these 

three counties, estimated pumpage from the aquifer system to

taled 146 mgd in 1976. 

Recharge to this aquifer system occurs from precipitation 

on its outcrop area, induced infiltration from surface water 

(primarily the Delaware River) leakage through overlying confin

ing beds, and water released from storage in the overlying con

. fining beds. 

Discharge from the system occurs as base flow to streams 

in the outcrop area, vertical -leakage- through conf ining beds to 

subadjacent aquifers where heads are below those in the Magothy

Raritan-Potomac system, submarine underflow that maintains the 

fresh/salt-water interface where it occurs offshore, and artifi

cial discharge through wells. 

Potentially, 320 mgd of recharge from precipitation on the 

outcrop are available to this aquifer syst~~. This would be 

more than enough to balance the present estimated pumpage, and 

therefore, theoretically no significant long-term water level 

declines should occur in the system. 

However, it is now believed that precipitation on the out

crop cannot balance discharge from the confined portions of the 
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aquifer until a steep enough hydraulic gradient is established 

between the two zones that will allow enough water to be trans-

mitted from the outcrop to balance discharge. Unless this oc-

curs, or some other ferm of recharge is available, the cone of 

depression will grow and wat~r levels will continue to decline. 

To date, this gradient apparently has not become steep enough 

and other forms of recharge (possibly vertical leakage) are not 

occurring or are insufficient to balance discharge. 

The potential for further development of the Magothy

Raritan-Potomac aquifer system is relatively large. The Dela-

'ware River, as discussed above, provides significant recharge 

to the aquifer system and as the average discharge (64 years of 

" record) of the river at Trenton is over 7,500 mgd, present with-
\ 

drawals are only a very small portion of this potential re

charge. The 320 mgd of potential recharge from precipitation 

on the outcrop area is presently only being partially utilized. 

Additionally, throughout most of the Coastal Plain, the aquifer 

system is overlain by thick sequences of aquifers and confining 

units which have large volumes of water in storage and poten

tially can provide large amounts of recharge through vertical 

leakage. 

In order to maximize future development from this system, 

wells must be properly located. The present well locations and 

pattern of pUmping are not ideal for maximizing yields as most 

pumpage is concentrated in a relatively small portion of the 
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Coastal Plain. The result of this concentration of pumpage has 

been to concentrate water level declines instead of spreading 

them out uniformly. It would be more sensible to withdraw wa

ter from relatively undeveloped portions of the aquifer system. 

In Burlington County, from the fresh/salt-water interface 

(Figure 2-2) to about the middle of the county, water levels 

are 20 feet or less below sea level. In these general areas, 

the potential for further development of the aquifer system is 

greatest due to the relatively large available drawdowns. Tne 

aquifer system in this area is under artesian conditions and 

will be receiving recharge through vertical leakage. For this 

leakage to occur, head differences between the aquifer system 

and overlying units must develop in order to generate leakage 

down through the Woodbury Clay and' Merchantville Formation 

(which confine the aquifer system) in the Magothy-Raritan

Potomac system.. Declining water levels should not be viewed as 

overpumping the aquifer. Where the aquifer system occurs under 

water-table conditions', additional supplies can also be devel

oped. 

In lower Ocean, Burlington, Camden, Gloucester, and Salem, 

and all of Atlantic, Cumberland, and Cape May Counties, the 

~~gothy-Raritan-Potomac aquifer system contains water in excess 

of 250 ppm (parts per million) chloride and so is not suitable 

for potable'use (Figure 2-2). However, some industries needing 

large volumes of cooling water may be able to tap the aquifer 
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in these areas if their quality constraints are not too severe. 

This would serve a double purpose of saving the fresh ground

water resources for uses requiring high water quality and would 

also help to retard or prevent the landward movement of the 

fresh/salt-water interface •. 

In summary, large additional supplies can be withdrawn 

from the Magothy-Raritan-Potomac aquifer system for many years 

to come. In order to maximize these supplies, future withdraw

als should occur in the relatively underdeveloped portions of' 

the aquifer system with pumping centers spread out as much as 

possible. Artificial recharging ponds located in the outcrop 

areas of the aquifer system could increase yields there signifi

cantly.· Efforts to derive more induced recharge from the Dela

ware River should continue in light of the large role this 

source plays in recharging the aquifer system. Quality, rather 

than quantity considerations may be more critical in terms of 

further development from this system due to the highly devel

oped and industrialized nature of the outcrop. 

Mt. Laurel Sand and Wenonah Formation. The aquifer in 

this unit is the least developed of the major formations in the 

Coastal Plain with slightly over 3 mgd being withdrawn from it 

in 1976. However, pumping has created large cones of depres

sion in southeastern Monmouth and northeastern Ocean Counties 

with water ievels as much as 140 feet below mean sea level. 
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The Mt. Laurel-Wenonah aquifer acts as a source of re

charge to the Englishtown Sand and as long as water levels con

tinue to decline in the Englishtown, they will decline in the 

Mt. Laurel-wenonah system. No additional withdrawals should be 

considered from this aquifer in this area. Future development 

of the Mt. Laurel-Wenonah in the northern part of the Coastal 

Plain should be in the outcrop area or a short distance downdip 

of it in order to utilize some of the 130 mgd of recharge poten

tially available. This would also hold true for the southern, 

part of the Coastal Plain. The aquifer would have to be devel

oped by adequately spaced shallow wells to reduce water-level 

interference. Domestic and irrigation supplies and industries 

with small water requirements would be best supplied in this 

manner. As development in this area will reduce stream flow, 

the developable amount will depend on the assured minimum 

stream flow desired. If as for the Cohansey Sand, 43 percent 

of the potentially developable water is left for stream flow, 

then about 7S mgd would be available for development in the out

crop area of the Mt. Laurel-Wenonah. Further downdip in the 

southern Coastal Plain, development of the aquifer would proba~ 

bly lead to sharply declining water levels as has occurred in 

the north. Development in this manner should result in substan

tial additional supplies with stabilized water levels. 

Englishtown Formation. The Englishtown is quite similar 

in present and potential development to the Mt. Laurel-Wenonah. 
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The available recharge from precipitation on the outcrop of 

about 120 mgd is almost identifical to the 130 mgd for the Mt. 

Laurel-Wenonah. Estimated pumpage from the Englishtown was 

over 12 mgd in 1976 and nearly all of it was concentrated in an 

area of severely depressed water levels in southeastern Mon

mouth and northeastern Ocean Counties. Like the Mt. Laurel

Wenonah, the outcrop area of the Englishtown can readily absorb 

precipitation and the overall transmissivity of the formation 

is low. However, the Englishto~ is less extensive that that 

of the Mt. Laurel-Wenonah and does not occur throughout the en

tire Coastal Plain. 

The generalized potentiometric surface of the Englishtown 

aquifer· is vez:.1Lsimi-lar- to that of the Mt. Laurel-Wenonah. The 

area of severely depressed water levels is in the same place as 

that of the Englishtown so that water is able to leak down from 

the Mt. Laurel-Wenonah through the intervening Harshalltown con

fining unit. 

Water level declines in this aquifer can be expected to 

continue for the foreseeable future. Utilization of much, if 

any, of the available recharge in the outcrop area with present 

well locations is unlikely. As with the Mt. Laurel-Wenonah, 

due to the relatively large water level declines compared to 

the amount of pumpage, no additional withdrawals should be 

planned for this aquifer along the coast. Future development, 

should be limited to its outcrop area and a short distance down-
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dip of it, and primarily for industries with small water re

quirements, irrigation, and domestic use. This development 

should take place in Monmouth, Burlington, and Ocean Counties 

as in the rest of the Coastal Plain the sand facies rapidly 

thins and pinches out both in outcrop and downdip. Due to its 

limited extent, only about 50 mgd can probably be developed 

fr.om the Englishtown. Wells would have to be adequately spaced 

to reduce drawdown interference effects between wells and there

by obtain the maximum possible yield. 

Kirkwood Formation. After the Magothy-Raritan-Potomac sys-

. tem and the Cohansey Sand, the Kirkwood Formation is the next 

most heavily developed aquifer in the Coastal Plain. Estimated 

pumpagefrom this unit was nearly 25 mgd in 1976, and nearly 

all of it was concentrated along the shore and barrier beaches 

in Atlantic, Ocean, and Cape May Counties. During the summer, 

pumpage c~~ be as much as three to four times the winter pump

age as the result of increased demands created by the influx of 

tourists. 

Water-level trends in this formation have been discussed 

elsewhere in this report, but due to their importance in help

ing to estimate the potential for future development from this 

unit, they will be reviewed here briefly. One of the most sig

nificant observations is that the profile of the cone of depres

sion in Atlantic and Cape May Counties in 1970 was very similar 

to what it was in 1934 and water levels apparently have re-
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mained unchanged in these two counties since 1970. 

In the center of the cone, water levels are over 70 feet 

below sea level. A hydraulic gradient does exist from the Kirk

wood outcrop area to the center of the cone and precipitation 

falling on the outcrop could be transmitted to the coast. How

ever, as has been discussed previously, vertical leakage from 

overlying and underlying confining units has been shown to be a 

significant source of recharge to confined aquifers in the 

Coastal Plain. The Kirkwood overlies a relatively thick se

quence of clayey confining beds along the coast and other thick 

-clay units are present within ~~e formation itself. Release of 

water from storage in these clay units is probably providing re

charge to the water-bearing zones of the formation and based on 

data from studies on other confined aquifers in the Coastal 

Plain, is likely to be more significant than recharge derived 

from the outcrop area. 

Total public supply pumpage from the Kirkwood has in

creased from 1970 to 1975 but pumpage in Atlantic County de

creased during this time, and in Cape May, the pumpage in

creased only slightly. The large increase in Ocean County pump

age is the reason for the overall increase and since around 

1960 pumpage in Ocean County has increased at a much greater 

rate than in the other two counties. Therefore, it appears 

that water levels have remained unchanged in Atlantic and Cape 

May Counties as the pumpage here has not changed appreciably 



since 1970, but water levels may be declining in Ocean County 

in response to increased pumpage there. What is significant is 

that while public supply pump age has increased by nearly 300 

percent from 1935 to 1970, water levels along the coast between 

Atlantic City and Wildwood have remained essentially unchanged 

because of the shifting pattern of increased pumpage. This 

would indicate that substantially more water could probably be 

developed from the Kirkwood Pormation than the 25 mgd diverted 

in 1976 provided that additional pumping centers are spread out 

along the coast as far north as possible. Wells should also be 

installed in the permeable parts of the outcrop and in the area 

between outcrop and the coast. Spreading out the pumping cen

ters will help to minimize drawdown interference effects and by 

installing wells in and closer to the outcrop a significant por

tion of the available recharge there may be developed • 

. Although there is approximately 150 to 200 mgd of recharge 

available to the Kirkwood from precipitation on the outcrop, 

only about 85 to 11S mgd could be developed, assuming 43 per

cent of the available recharge is left to maintain stream flow 

as for the Cohansey Sand. It should be remembered that the 

water-bearing properties of the formation between outcrop and 

the. coast are relatively unknown and as mentioned before, the 

permeability at the "SOO-foot" sand decreases sharply away from 

the Atlantic City area. Therefore, although pumping centers 

may be spread out in the future, relatively high yield wells 



may only be possible along the coast. Recharge from water re

leased from storage in confining units may substantially in

crease the future yield of this system. 

The ultimate yield may be controlled by the movement of 

the fresh/salt-water interface which except for Cape May County 

lies an unknown distance offshore. It would be wise to proceed 

with this development in stages and to install outpost monitor

ing wells. As pumping is increa'sed, the chloride trend in 

these wells could be watched and any necessary changes in the 

patter~ or quantity of pumpage could be made based on detected 

water quality trends. 

Co~puter simulation of the Kirkwood aquifer may be neces

sary, especially in view of recent development and population 

growth in the Atlantic City area which will cause an increase 

in water demand. 
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3 • 0 GROUND-WATER QUALITY 

3.1 Introduction 

In order to assess ground-water quality in the Pinelands, 

published and unpublished documents were examined. Information 

on water quality was obtained from USGS and State of New Jersey 

Water Supply bulletins and from computer printouts of water

quality data from a series of wells installed in the Mullica 

River Basin. The chemical analyses reported in county bulle

tins date back to the 1948-1971 period. Ground-water quality 

data for the Mullica River Basin and selected USGS observation 

wells reflect the 1973-1978 period. 

Data points were plotted on the base map and the aquifer 

was identified. A series of overlays (Plates 9 through 15) was 

then prepared for both the Cohansey and Kirkwood aquifers, il

lustrating the distribution and concentration of pH, total dis

solved solids, total iron, and nitrate. Tables of chemical 

analyses were prepared by county and by aquifer, listing well 
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identification number, approximate screen setting, date of col-

lection, water temperature, and chemical constituents (see Ta-

bles 3-1 through 3-7) • 

It should be noted that the data points are unevenly dis

tributed and that little or no water quality information is 

available in the northern and southern portions of the Pine

lands region. The ground-water quality of each aquifer is dis-

cussed below. 

3.2 Cohansey Aquifer 

Chemical analyses for a total of 65 Cohansey wells were 

available. A summary table showing the range and median value 

of the four selected water qUality cr~teria is as follows: 

Parameter 

pH 
Total Iron, mg/l 
Total Dissolved Solids, mg/l 
Nitrate-Nitrogen, mg/l 

Range 

3.8- 7.9 
o - 10 
6 -155 
o - 37 

l-!edian 

4.8 
0.05 

25 
0.3 

New Jersey or 
USEPA Interim 
Drinking Wa
ter Standards 

6.5-8.5 
.0.3 

500. 
10.0 

Examination of the pH distribution shows values between 

4.0 and 5.0 with occasional higher values, confirming the acid-

ic nature of Cohansey water. Iron concentrations in the Cohan-

sey range from very low (less than 0.01 mg/l (milligrams per 

litre») to more than 5.0 mg/l. Most of the central Pinelands 

appears to have low iron ground water, but concentrations rise 



Table 3-1. Chemical Analysis of Ground Water in Atlantic County, Pine lands Region. 

Locat Ion Approximate 
Number Screen Date of Temperature. S II lea Iron Manganese Ca lei urn Magnesium Sodium Potassium 8icarbona. 
on Map SeU Ing Coil ect Ion (oF) (SI02) (Fe) (Mn) (Ca) (Mg) (Na) (K) (HC03) 

COHANSEY FORMATION 

AT lC 179-195 5-19-64 5.4 0.02 0.00 1.5 1.0 " . 1 0.0 5 
AT 2C 55- 65 5-20-64 5.7 0.05 0.10 8.8 7.3 8.5 1.5 0 
AT 3C 44- 55 4- 9-6" 1.08 0.0 
AT "C 91- 98 5-19-6" ".3 0.16 0.03 2.8 3.6 7. 1 0.0 2 
AT 5C 97-107 4- 7-64 3.8 0.68 0.00 0.8 0.2 0.9 0.9 6 

KIRKWOOD FORMATION 

AT lK 198-20] 11-11-63 59 16 ".6 0.26 7.2 2.4 17 2.2 67 
AT 2K 255-315 8-13-63 11 0.13 0.03 2.0 0.2 1.5 0.7 I 
AT 3K 3"2-39" 10-16-63 "7 ".0 0.01 2.8 1.5 2.5 2.0 10 
AT 4K 363-406 10-16-63 51 ].6 0.03 2.4 1.7 2.5 2.0 8 
AT 5K 350-430 11-12-6" 2.3 0.05 

AT 6K 718-778 "-21-6" 64 28 0.45 0.0 3.2 1.5 21 2.0 "0 
AT 7K 706-766 4- 2-53 66 0.22 5.6 2.9 72 
AT 8K 200-230 10-17-63 5" 2.0 0.03 5.2 2.2 3.5 2.2 20 
AT 9K 220-230 5- 1-6" 3.25 0.00 

Source: Clark, G.A. and others, 196B 



Table 3-1 (Cont inued) 

Hardness as CaC03 Speci fie 
locat ion Conductance 

Number Sulfate Chloride fluoride Nitrate Dissolved Ca lei um Non- (micromhos 
on Map (SOl,) (C I) (F) (N03) So lids Magnesium Carbonate at 250 C) pH Color Use 

COHANSEY fORMATION 

AT IC 0.6 6.0 0.0 1.2 33 8 4 44 5.4 1 Irrigation 
AT 2C 0.6 34 0.3 37 155 52 221 4.5 3 Irrigation 
AT 3C 3.0 66 3 0 6.5 Domestic 
AT 4c 0.6 9.6 0.0 30 68 22 21 116 5.4 1 Domestic 
AT 5C 0.6 2.8 0.0 0.0 16 3 0 16 6.0 5 Domestic 

KIRKWOOD fORMATION 

AT lK 12 2.6 0.2 0.5 96 28 135 1.4 23 Observat Ion· 
AT 2K 6.0 1.9 0.0 1.3 51 6 5 36 5.0 2 Pub I Ie 
AT 3K 8.2 3.3 0.0 0.3 73 13 5 41 5.9 6 Pub II c 
AT 4K 9.6 3.3 0.0 0.3 77 13 1 59 5.7 5 Pub lie 
AT 5K 2.0 98 12 I 6. 1 Pub lie 

AT 6K 10 11 0.3 0.2 103 14 0 128 6.9 12 Pub I Ie 
AT 7K 1 J, 4.6 O. 1 26 153 7.0 3 Pub Ii c 
AT 8K 9.4 3.4 0.2 0.2 96 22 6 67 6.4 8 Pub) I c 
AT 9K 2 13 9 0 6.0 Domestic 



fable )-2. Che~Icai Analysis of Ground Water In Burlington County, Pine lands RegIon 

Dhsolved "ardness as CaCO) Loca- Tem- Solids Specific 
tlon Screen Date of pera- Total Hanga- Cal- Hagne- So- Pota5- Blear- Sul- Chlo- Fluo- HI- (resIdue on CalclUl1l Conductance 

Humber Setting Collec- ture SI J Ica 'ron nese cf"", sl"", dl"", 51"", bonate rate ride ride trate evaporation magne- Noncar- (mlcromho, 
on Hap (Ft) tlon (oF) (5102) (Fe) (Hn) (Ca) (Hg) (H~) (K) (litO) (SO,,) (cO eF) (HO) at 1800C) slum bonate at 25°C) pll 

£NGt.SIITOWH FORHATIOH 

Bt IE 5-28-51 55 21 0.6ft 0.12 17 l.8 2.0 ).J 12. 8." 2.5 O. , 0.2 09 100 1 2'" 8.0 
BL 2£ 6-17-59 9 0.'" O.OJ 2J ".6 8.0 '0" 7. , 0.8 0.0 0." 150 71 0 '76 7. , 

COHANS[y SANO 

It 't 5- 2-51 59 6 0.00 0.00 5.2 0.0 5.0 0.) '0 0.0 ).2 '-9 '-9 ',,, ') 5 "6 6.9 
Bl 2t 8-1/'-51 56 ".) 0.12 0.00 '-) '-9 2. " 0.7 ) ".5 8.2 0.0 0.) 26 " 9 79 5.0 
Bt )t 5J-7) 6-2'-51 65 6. , 10 0.52 2." 0." J.O 0.9 5 ".2 5.0 0.' 0.2 25 8 .. )5 5.5 
lit "c 8-'''-51 -59 5.2 0.0" 0.00 0.2 0.7 2.6 0.8 ) 0.0 ".2 0.0 2 .• '6 ) t 2J 5.5 
lit 5C 6-21-5' 58 2.7 5.7 0.)8 .. 2 .. 6 ) .. 0.6 0 7.5 8.5 0.0 0.) 29 '0 '0 6) "." BL 6c 6-0-61 69 "5 0."7 0.0" .. 6 LO 1.8 0.5 2 6.7 2.2 O. , 0.2 2) 8 7 H ".8 

kiRKWOOD FORMATION 

It 'K 8-'''-51 56 )2 0.32 0.00 LO 0.8 2.5 2.0 2 7.0 ).6 0.0 0.2 5" " "7 ".7 

HACOlHY/RARITAN FORMATION 

It 'R .916-960 6-'9-59 9.8 2." 0.05 ,6 2.8 9·0 68 12 .. 8 0.1 0.2 105 52 0 137 6.5 
It 2R 1030-105' 6-'9-59 " 2.2 0.0" " 

).) 8.) 68 " 2.8 0.' 0.2 85 5" 0 '''0 6.8 
lit )R 922-1055 )- 1-61 7.8 2.0 0.06 15 2.1 8.2 ).8 6" 8.2 5.1 0.1 0." 8" "6 0 09 7.1 
Il "R 10)6-1089 3- 1-61 8.3 2.8 0.09 16 2.6 6.0 3.8 67 8.2 2.5 0.0 0.8 82 5' 0 'H 6.8 
lit 5R 101l-107S )- 1-61 9.8 3.1 0.08 17 2.6 6.0 3.8 69 7.6 2." 0.0 0.5 8" 53 0 135 6.9 

46R "07-"17 "-27-60 9 0.7 0.0 20 ".9 12 87 7.0 6.0 70 0 8.1 

Source: Rush, F. E., 1962 



Table 3-2. (Con llnood) 

Dissolved Hardness as CaCO} 
Loca- Tem- Solids 
lion Screen Date of pera- Total Hanga- Cal- Hagne- 50- Potas- 8lcar- Sul- Chlo- fluo- NI- (residue on Calcium Conductance 

Humber Selling Collec- ture Silica Iron nese clum slum dlum slum bonate fate ride ride trate evapor a t Ion IDagne- Noncar- (microlllhos 
on Hap (fd t Ion (oF) (5102) (Fe) (Hn) (Ca) (I-Ig) (Ha) CI() (HCO}) (S°lt) (C I) (F) (N03) at 180oc) slulR bonate al 2S0 C) pH 

HOUNT LAUREl SAHD ANO WENONAH fORMATION 

BL IHT 5-22-51 56 lit 0.21 0.00 26 2.9 2.8 3.9 92 7.0 2.0 0.1 0.2 100 77 I 167 8.3 
Bl 211T 155-185 5-28-51 56 16 0.35 0.00 It It 3.0 2.2 1t.3 IS} 5.0 1.1t . 0.1 0.3 156 122 0 251 7.8 
Bl )I1T "' 5- It-51 59 " 0.30 0.00 21 5.1t 1.1 8." 107 ".5 2.2 0.0 0.9 109 75 0 187 7.7 
Bl ItI1T 291t-))1t -60 0.08 0.00 II} 2.0 112 82 0 8.0 
BL 511T 178-198 1-10-61 O.olt 100 3.0 0.0 80 0 7.8 
Bl 611T 110-121 6-1)-61 70 16 0.50 0.02 36 2.6 1.8 3.2 120 5.0 3.2 0.1 0.2 litO 101 2 20) 7.8 

BL 7HT 2lt7-268 1- 7-61 0.16 0.00 11t2 6.0 0.2 0.2 1)6 70 0 8. I 
Bl 811T 35]-]81 1t-2)-56 58 9.7 0.2" 0.01 27 1t.6 2.7 7.1t 112 6.1t 2.2 0.1 0.9 1t8 86 0 196 8.0 
Bl 9tH 6-2'-51 ·57 13 0.28 0.00 22 5.7 5.3 8.5 III 5.0 2.0 O. I 0.0 ItS 78 0 . '92 8. I 
BLlOHT 6-21-5' 58 15 0.19 0.00 26 2." 2.7 3.7 9) 6.5 1.8 o. I 0.2 106 75 0 105 8.0 
Bl' IHT 'itO-ISO 6-0-6, 57 , .. 0.25 0.10 32 2.1 2.0 3.0 106 ".6 2.8 0." 0.2 120 89 2 18 .. 7.7 



Table 3-3. Chemical Analysis of Ground Water In Cape May County, Pine lands Region 

loca- Tem-
t ion Screen pera- Total Man- Mag- Potas- 8icar- Car-

Number Setting Date of ture Sill ca Iron ganese Ca lei urn nesium Sodium slum bonate bonate 
on Map (ft) Collect I on (of) (SI02) (Fe) (Mn) (Ca) (Mg) (Na) (K) (HC0 3) (C03) 

KIRKWOOD FORMATION 

CM IK 250-290 ~ "-15-57 60 35 26 3.9 77 0 

COHANSEY SAND 

CM lC 125-1"0 7- 7-55 59 9.0 .10 .10 10 18 22 1 0 
CM 2C 125-140 2-20-56 59 10 .10 .00 2 5 11 0 
CM 3C 135-160 2-28-57 59 39 1.3 .0" 1.6 1." ".8 2. 1 0 0 
CM 4c 131j-1"0 8-21-56 58 9.3 .21 .00 .9 .5 6.2 6 0 
CM 5C 131-1"3 8-21-56 62 9. 1 ."9 .00 .8 .2 6.3 6 0 
CM 6c 110-130 8-27-56 59 25 ".8 1.9 20 

- - .- -

Source: Gill. H.E., 1962 



Table 3-3. (Continued) 

Dissolved 
loca- so t Ids Hardness as CaC03 Sped fie 

t Ion Ftuo- (Residue on Ca td urn conductance 
Number Sulfate Chloride ride Nitrate evapor a t I on mag- Noncar- (micromhos 
on Map· (SO,,) (cl) (F) (N03) at lBooC) nesfum bonate Color at 25OC)'~ pH 

KIRKWOOD FORMATION 

CM lK B.o It.O Bo Up 

COHANSEY SAND 

CM lC "5 19 27 If." 
CM 2C 1.0 10 7 It.7 
CM JC 2.5 12 . 1 5.0 55 0 10 112 ".5 
CM Itc .0 9.0 .0 .2 1f2 If 0 ", 5.7 
CM 5C .0 8." .0 .2 Ito 3 0 Itl 5.8 
CM 6c ".0 12 20 0 7.9 

(' 
~-.. 



Table 3-~. Chemical Analysis of Ground Water in Camden County. Pine lands Region. 

locat Ion Approximate 
Number Screen Date of Temperature S I I i ca Iron Manganese Ca lei urn Magnesium Sodium Potassium 8icarbon, 
on Map Sett Ing Collection (oF) (S 102) (fe) (Mn) (Ca) (Mg) (Na) (K) (HC03) 

KIRKWOOD fORMATION 

AT IK 344- 372 10- I-52 0.10 0.00 15.2 10.5 53 13~ 
AT IK 3'.'1- 372 8-22-61 57 12 0.08 0.0 9 3.3 ,.,. 6.0 160 
AT 2K 306- 331 10- I-52 0." 0.0 15.2 2.6 53 138 
AT 3K 326- 356 10- I-52 23 0.3 77 2" 33 122 

COHANSEY SAND 

AT IC 141- 167 8- 2-60 59 8.2 0.13 0.05 0.8 0.2 2.8 0.5 3 
AT IC 11]- 138 9- '2-53 0.10 1.8 0.5 10 
AT 2C 11]- 138 8-22-61 55 7.4 0.0" 0.01 0.8 0.5 3.0 0.2 3 
AT 3C 72- 103 12-23-70 55 0.3 0.05 12 
AT "C 64- 90 1- 7-71 0.2 0.05 8 
AT 5C 3-24-70 0."2 

MAGOTHY/RARITAN fORMATION 

AT lR 1."85-1."95 8-19-60 74 12 0.52 0.0" II 3.8 25'1 4.2 176 

Source: Donsky. E., 1963 



Tab Ie 3-1,. (Con t Inued) 

Hardness as CaC03 Specific 
locat Ion Conductance 

Number Sui fate Ch lorl de FI uorl de Nitrate Di ssol ved Cal ci um Non- (micromhof 
on Map (S°lt> (cl) (F) (N03) Solids Magnesium Carbonate at 250 C pH Color Use 

KIRKWOOD FORMATION 

AT IK 10 2.0 62 0 9.3 Pub II c 
AT IK 10 2.0 0.4 0.7 175 36 0 265 8.0 3 Publl c 
AT 2K 10 2.0 62 0 9.2 Pub If c 
AT 3K 10 121.0 204 104 1.5 12 Observat 

COltANSEY SAND 

AT IC 3.6 2.3 o. I 0.6 15 3 I 19 5.5 I Public 
AT IC 0.0 2.0 0.0 8 2 6. I 5 Public 
AT 2C 3.6 3. 1 0.0 0.6 18 4 2 20 5.2 2 Pub II c 
AT 3C 7·0 8.0 18.2 38 16 5.0 Public 
AT lie 3.0 4.0 1 .. 2 22 2 5 .. 0 Pub I i c 
AT 5C 9.0 5.0 it.8 56 12 12 4.3 

MAGOTHYlRARITAN fORMATION 

AT IR 6.3 310.0 2.0 0.2 665 43 0 1290 7.2 3 Observat 



rable 3-5.Chemical Analysis of Ground Water In Cumberland County Pinelands Region 

.ocat ion Sc reen Se tt I ng Date 
Number (feet below of Temperature Silica Iron Manganese Ca Idum Magnesium Sodium Potassium 81carbonat 
on Map land surface) Collect Ion (oC) (SI02) (Fe) (Mn) (Ca) (Mg) (Na) (K) (HC03) 

KIRKWOOD FORMATION 

CU IK 26"-27" 1- 9-63 13 71 .00 .00 2" ". 1 2.6 2." 89 
CU 2K 262-270 11-29-63 1" "7 1.2 .07 22 2.2 10 3.0 9" 
CU 3K 2"2-269 1- 8-63 13 58 1.2 .09 22 3.2 9.6 3.2 91 
CU ltK 295-315 1- 8-63 I" 62 . 10 .00 22 ". 1 5.5 2.8 85 

CAPE MAY FORMATION 

CU ICM 78 1-29-63 13 8.3 1.5 .25 0.8 1.0 2." 0.2 5 

Source: Rooney, J.G., 1971 



Table 3-S(Continued) 

locat Ion 
Number Sulfate Chloride Fluoride Nitrate Dissolved Hardness Specific Conductance Carbon Dioxide 
on Map (SOl,) (cl) (F) (N03) Sol ids as CaCO] (micromhos at 25OC) pH Color (CO2) 

KIRKWOOD FORMATION 

CU lK 8.~ 3.8 • 1 .5 167 81 177 8. 1 2 1 
CU 2K 9.0 2.7 .2 .2 153 61, 175 7.7 25 
CU 3K 12 2.~ .2 .3 165 68 165 7.ft 5 6 
CU ~K 8. 1 ~.2 . 1 .2 156 75 177 7.9 2 2 

CAPE MAY FORMATION 
CU lCM 2. 1 5.0 0.0 0.0 22 8 11, 5.ft 2 30 



Table ]-6. Chemical Analysis of Ground Water In Gloucester County. Plnelands Region 

Olssolved Hardness as CaCO] Loca- Tem- Solids Specific 
tlon Screen Oate of pera- Total Cal- Kagne- So- Potas- Blcar- Car- Sul- Chlo- fluo- HI- (residue on Calcllllll Conductance 

Humber Sell Ing Collec- ture Silica Iron clum 51 URI dlUIII slum bonate bonate fate rJde ride trate evaporat Ion IIIilgne- Honcar- (mlcroa!hos 
on Hap (ft) lion (of) (SI02) (fe) (Ca) (Kg) (Ha) (K) (HCO]) (CO]) (SO,,) (C I) (f) (NO]) at 1800C) slum bonate at 250 C) pU I 

CCtlANSEY SAHO 

GL Ie ]8-58 6- "-51 11 1.1 0.1l 2.1 ].1 ].2 2.8 2 0 ".2 1.0 0.0 19 52 20 18 91 5.2 

GL 2C 90-96 5-]0-51 I" 8.1 1.5 1.1 2.2 8.6 1.2 1 0 0.2 1.0 0.1 22 62 12 10 88 5.] 

GL ]C "9-59 5-]0-51 I" 10 0.9] 0.8 O.It 1.0 0." 5 0 1.1 2.8 0.1 0.) 20 2 0 21 6.2 

Source: Hardt.W. f. andG. S. Hilton. 1969 



Table 1-7. Chemical Analysis of Ground Water In Ocean County. Plnelands Region 

Dissolved Hardness as CaCO) 
Loca- Tem- Solids Specl f Ic 
don Screen Date of pera- Total Cal- Hagne- 50- Potas- Blcar- Car- Sul- Clllo- Fluo- NI- (residue on Calcium Conduc lance 

Number Sell ing Collec- tu.-e SIlica Iron clum slum dlum slum bonate bonate fate ride ride trate evaporat Ion magne- Noncar- (mlcrOlllhos 
on Hap (Fr) lion (oF) (SI02) (fe) (Ca) (l1g) (Na) (K) (HCO)) (CO)) (SO,,) (cl) (F) (NO)) at 1800 C) slum bonate at 25OC) pt\' 

RARITAN AND HAGOTHY FORHATION 

DC IR 1)20-1150 2-62 II ).2 II 2.ft 6.8 2.2 "8 0 8.8 It.It 0.0 0.2 72 )9 0 III 7. 
Island 
Beach 2716-2757 9-62 86 16 1.8 )1 6. I It85 8.2 188· 0 2.5 670 1.0 0.2 I.It)O* 10) 0 2.750 1. 

KIRKYOOO fORHATION 

OC IK 212-236 1-59 2.6 7.0 0.08 52 21t 6. 
OC 2K 52b-5lt7 7-60 2.6 5.0 O .• 0.27 90 26 0 6. 
OC )K 5)6-566 5-,.8 30 3.0 1.0 18 10 3.0 12 6. 
OC "K 9-It8 1.5 0 15 0.1 7.5 71t It. 
OC 51< 8-51 56 0.07 0 6.0 0.5 50.6 •• oc 6K 8-51 51 0.1 20 0 It.O 0.6 61.7 5. 
OC 11< It-52 55 2." 6.0 11 0.5 112 
OC 8K 9-62 62 29 1.1 16 1.5 12 It.2 7Q I 0 12 1.0 O. I 0." 115* It6 179 7. 
OC 9K 3-62 5" 15 0.81 2.3 1.2 3.It 2.5 6 0 10 It.1 0.0 0.0 Ito 2.9 51 5. 

UNDiffERENTIATED WATER-TABLE AQUifER 

OC IU Ito-Itl I2-It8 ).6 0.20 1.7 1.0 2 0 2.} 6. , O. I 3.0 21* 52.5 5. 
oc 2U 60-80 I2-It8 ).5 0.' 1 0.8 0.6 .. 0 ".2 1. I O. I 0.5 I"'" 22.5 5.5 
oc ]U "8-58 1-58 3.0 l." 0.8 0.2 2.0 0.2 II 0 l." 3.6 0.0 0.0 26* 12 H 6.2 
oc ,.U 36-56 1-58 ".6 6.8 0.8 0.2 2.0 0.2 ,. 0 2.8 3.6 0.0 o. I 2l* 8 25 5.9 
oc 5U 95-lIQ 6-60 ".8 8.0 6.0 1".8 ] .. lit 
OC 6u 6-61 5" 11 22 0.8 1.0 2.8 2.5 0 0 to ".8 0.1 0." "5 6 6 60 ..... 
OC 7U I-56 0.3 6.0 0.1 37 I" ".7 

8-6] 56 18 0.5 Ll 0.2 3.7 0.5 0 0 7.2 5.2 0.1 0.0 ]5 .. ,. 55 ..... 
"-"6 0 8 ".6 0.1 6 It.5 

oc 8u 7-58 3 3." 0.8 0.2 2.0 0.2 \I 0 3." 3.6 0.0 0.0 26 12 } H 6.2 
OC 9U 8-61 2.8 0.09 0.8 1.0 1.9 0.8 2 0 ".6 3.6 0.0 0.2 19 6 2 26 5.8 
OCIOU 10-6" 58 5.8 0.10 0.8 1.0 ".0 0.8 5 0 0.0 1.6 0.1 0.2 23 6 2 35 5.8 

* SUIII 

Source: Anderson. It. R. and C. A. Appel. 1969 



Table 1-1. Cheml cal Analysis of Ground Ualer in Ocean County, pineland!> Region 

Dissolved tlafdoess as CaCOl 
Loca- Tem- Solid!> Specific 
tloo Screeo Date of pera- Total Cal- Hagoe- So- Potas- Blcar- Car- Sul- Chlo- fluo- NI- (residue 00 CalclulII Cooductaoce 

Number Sell log Collec- ture SIlica Iroo ciU1l1 slum dlum slum bonate bonate fate ride ride trate evaporat 100 lIIa90e- NOllcar- (Ill I c U)II.tIO s 
on Hap (ft) t Ion (of) (SI02) (Fe) (Ca) (ttg) (Na) (1<) (IlCO)) (CO}) (SOlt) (cl) (n (NO)) at 1800c) slUQI bonate at 25OC) pll 

RARITAN AND ttAGOTtlY fORHATION 

OC IR I l20-1 l50 2-62 II. l.2 II 2.8 6.8 2.2 Its 0 8.8 It ... 0.0 0.2 72 }') 0 III ].It 
Ililand 
Beach 2]}6-2751 ,)-62 86 16 1.8 31 6.1 It85 8.2 188 0 2.5 610 1.0 0.2 I,"}O'" 103 0 2,750 7.J 

KIRKUOOD fORHATION 

OC IK 212-2]6 }-5,) 2.6 7.0 0.08 52 2" 6. I 
OC 2K 52b-5"7 ]-60 2.6 5.0 0.1 0.27 ')0 26 0 £.) 
OC lK 536-566 5-"8 lO 3.0 1.0 18 10 l.O 12 6.5 
OC ItK 9-It8 1.5 0 15 0.1 1.5 7" It.} 
OC 5K 8-51 56 0.07 0 6.0 0.5 50.£ II. It 
OC 6K 8-51 57 0.1 20 0 ".0 0.6 67.1 5.5 
OC 7K It-52 55 2." 6.0 17 0.5 112 
OC 8K 9-62 62 29 1.7 16 1.5 12 ".2 70 0 12 7.0 0.1 0." 115'" .. 6 119 7.It 
OC 9K l-62 Sit 15 0.81 2.l 1.2 ).It 2.5 6 0 10 It. I 0.0 0.0 "0 2.9 51 5.9 

UNOlffERENTIATEO WATER-TABLE AQUifER 

oc IU Ito-"7 12-It8 l.6 0.20 1.7 1.0 2 0 2.} 6. I 0.1 }.O 21'\ 52.S 5.0 
oc 2U 60-80 12-It8 l.5 0.17 0.8 0.6 .. 0 1t.2 ).1 O. I 0.5 IltA 22.5 5.5 
oc }U 1t8-58 7-58 J.O J." 0.8 0.2 2.0 0.2 11 0 J." l.6 0.0 0.0 26·\ 12 H 6.2 
OC "U }6-56 1-58 ".6 6.8 0.8 0.2 2.0 0.2 It 0 2.8 ].6 0.0 o. I 2]~ 8 25 5.9 
OC 5u ')5-11 !) 6-60 ".8 8.0 6.0 1".8 } .. I" 
OC £u 6-61 51t 17 22 0.8 \.0 2.8 2.5 0 0 10 It.8 0.1 0." It5 6 6 60 ..... 
ac 7U I-56 0.1 6.0 o. I }7 lit It.7 

8-6} 56 18 0.5 I.) 0.2 ).7 0.5 0 0 7.2 5.2 0.1 0.0 15 It It 55 ".It 
It-It6 0 8 1t.6 0.1 6 1t.5 

oc 8u 7-58 1 3." 0.8 0.2 2.0 0.2 II 0 3." l.6 0.0 0.0 26 12 } H 6.2 
oc 9U 8-61 2.8 0.09 0.8 1.0 1.9 0.8 2 0 ".6 1.6 0.0 0.2 19 6 2 26 5.8 
OC IOU 10-6" 58 5.8 0.10 0.8 1.0 ".0 0.8 5 0 0.0 7.6 o. I 0.2 21 6 2 }5 5.8 

to Sum 

Source: Anderson, It. R. and C. A. Appel, 1969 
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to above the 0.3 mg/l drinking water limit further south. 

Dissolved solids concentrations are very low (20 mg/l) in 

the central Pinelands but tend to increase to the south and 

southwest with concentrations reaching 50 and 60 mg/l. 

Nitrate concentrations are extremely low in the central 

a~ea with values of less than 0.1 mg/l. Anomalous values of 10 

and 20 mg/l occur in Winslow Township, probably reflecting agri

cultural practices or waste disposal. 

3.3 Kirkwood Aquifer 

Kirkwood data points are restricted to the central Pine-

lands area and the coastal zone. Analyses from 38 wells loca

ted mostly in the Mullica River Basin and along the eastern 

boundary of the Pinelands in Ocean County show the following 

concentrations: 

Parameter 

pH 
Total Iron, mg/l 
Total Dissolved Solids, mg/l 
Nitrate-Nitrogen, mg/l 

Range 

4.2- 9.3 
o - 23 

14 -175 
o - 13 

Median 

6.2 
0.7 

77 
0.2 

New Jersey or 
USEPA Interim 
Drinking Wa
ter Standards 

6.5-8.5 
0.3 

500 
10.0 

The pH map shows that the Kirkwood water is less acidic 

than Cohansey water. Most pH values are between 5.0 and 7.0. 

A anomalous 'pH value of 9.0 has been recorded in Winslow Town-

ship. 
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Iron concentrations are generally above the 0.3 mg/l drink

ing water limit and treatment of raw well water would be re

quired to comply with this standard. Concentrations of 2.0 to 

4.0 mg/l of total iron are not uncommon. 

Total dissolved solids concentrations appear to increase 

from north to south reaching 120 mg/l in the Atlantic City area. 

This pattern indicates a gradual and natural increase in miner

alization of ground water in a seaward direction. 

3.4 Salt-Water Intrusion 

Sea-water encroachment in coastal areas is a direct conse

quence of increased ground-water withdrawal from wells. Onder 

natural·conditions, fresh ground water in coastal aquifers is 

continuously discharged to the ocean at, or seaward of, the 

coastline. Because of its greater density, salt water tends to 

form a wedge under the less dense fresh water. Onder condi

tions of hydraulic equilibrium, the fresh-water/sea-water in

terface is essentially stationary, but, when the seaward flow 

of fresh ground water is decreased throuqh pumping, sea water 

may move inland. 

Little is known about the horizontal and vertical distribu

tion of saline ground water below the Pinelands because few 

deep test wells have been drilled. From available well and 

water-quality data it appears that practically the entire wedge 

of coastal plain sediments contains fresh water (less than 



1,000 mg/l) except for deep Raritan-Magothy beds in the south 

and along the coastline. 

In the Island Beach State Park well, fresh ground water 

was found to a depth of about 2,500 feet. Below this depth, 

the salinity of the water appeared to increase steadily to that 

of sea water according to geophysical well logs. A hypotheti

cal salt-water/fresh-water boundary in the Raritan and Magothy 

Formations is shown in Figure 2-2. The 250 mg/l (drinking wa

ter limit) isochlor signifying this boundary forms a gently 

curved line that crosses the Pineland National Reserve diagonal

ly from Ocean Beach near Manasquan to Delaware Bay near Salem. 

The number of wells and chloride records are insufficient to de

termine"the exact position of this saline front, nor can it be 

determined whether any inland movement of the 250 mg/l line has 

taken place. 

The position of the 250 mg/l isochlor is largely inferred 

from the results of deep drilling by the USGS at Island Beach 

State Park in Ocean County (USGS Water Resources Circular 12, 

Island Beach State Park, 1963); chloride data from the USGS in 

Brooklyn State Fark observation well (USGS Unpublished Records, 

1977); and several other wells. Other wells, while apparently 

remote from the interface itself confirm its existence between. 

For example, numerous wells tapping the aquifer north of the in

terface show low chloride values while a single well in Cumber

land County on the seaward side of the 250 mg/l isochlor (Rago-



vin observation well) shows chloride as high as 27,000 mg/l 

(USGS Water Resources Data, 1974). 
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There is no record of saline ground water occurring in any 

of the formations above the Magothy-Raritan group. The Kirk

wood and Cohansey aquifers both contain fresh water. The fresh

water/salt-water interface in the Kirkwood has been mapped in 

southern Cape May County and the fresh-water/salt-water inter

face in the Mt. Laurel Sand and Wenonah Formation appears to be 

in southern Cumberland County and northern Cape May County (Fig

ure 2-2). Some shallow wells tapping the Cohansey on the bar

rier beach near Atlantic City have experienced saline water, 

however, this is due to the fact that the wells were located 

too close to the natural fresh-water/salt-water interface. 

The 100- and ZOO-foot sands of the Cohansey Formation on 

the mainland were developed as a source of water by the Atlan

tic City Water Works early in the 1930's. Early in the 1930's, 

salt-water intrusion occurred in ~~e well field along Conovers 

Run, a tributary to Absecon Creek. Wells screened in the 100-

:oot sand experienced a gradual upward trend in salinity with 

chloride concentrations reaching sao mg/l and in some wells, 

5,000 mg/l. An extensive test drilling and sampling program 

was undertaken to investigate the occurrence of this saline wa

ter. 

The well field is adjacent to a tidal marsh and the 100-
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foot sand is separated from the saline water by a clay bed. 

The Cohansey Sands were found to be irregular in character, 

ranging from coarse, clean water-bearing sand, to fine clayey 

sand. The vertical distribution of saline water was also irreg-

ular and spotty, probably reflecting changes in permeability of 

the aquifer. The confining bed was found to consist of a se

ries of irregular lenses of clay instead of a continuous hori

zon and the intrusion occurred by entrance of saline water 

through holes in the confining bed. The salt-water body was 

found to be under the marsh and parallel to the shore line. 
, 

The origin and occurrence of the saline water was thus local 

. and not indicative of sea-water encroachment (Barksdale and 

others, 1936). 

Saline water in the shallow sand forced the water company 

to develop the deeper 200-foot sand of the Cohansey Formation. 

This aquifer is still pumped by many public and private wells, 

including supply wells belonging to the Atlantic City Water De

partment and the Atlantic County Water Company. Water-quality 

data from miscellaneous private and municipal wells in the Co-

hansey Sand show no pattern of salt-water contamination, with 

reported chloride ranging from 5 to 15 mg/l. However, it 

should be noted that no detailed water quality studies have 

been undertaken in recent years. 

In previous years, concern was expressed regarding poten-

tial sea-water encroachment in the Kirkwood Formation in the At-
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lantic City region. Long-term pumping from the Kirkwood has 

produced significant lowering of water levels but no increase 

in chloride concentrations. It is now believed that the fresh

water/salt-water boundary lies below the continental shelf at a 

considerable distance east of the coastline. 

During 1976, a USGS drilling and coring program conducted 

on the continental shelf off New Jersey found relatively fresh 

water (salinity less than 3,000 mg/l) beneath the shelf some 60 

nautical miles seaward of the coast. Water of about 1,000 mq/l 

salinity was found more than 7 nautical miles off Ocean County 

. (Hathaway and others, 1976). Figure 3-1 is a cross section 

through the continental shelf indicating these findings. 

The results of the offshore coring programs indicate that 

a wide transition zone may exist rather than a relatively sharp 

fresh-water/salt-water interface and this would explain why no 

salinity increases have occurred in the Atlantic City wells. 

The 800-foot sand within the Kirkwood Formation was first 

tapped by wells in.1889. Since that time, the number of wells 

and the quantities of water pumped increased rapidly. The po

tentiometric surface of the Kirkwood aquifer in the Atlantic 

City region declined from 20 to 25 feet above sea level (1889) 

to 55 feet below sea level in 1924, and to 70 feet below sea 

level in 1970. The radial distance of the cone of depression 

from the center of pumpage ·is about 40 miles and extends well 
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into the Pinelands National Reserve. Because of the increased 

urban and commercial development in the Atlantic City region, 

increases in pumpage may be expected. Monitoring of water qual

ity in the Kirkwood aquifer should continue to evaluate the pos

sible impact of the pumpage. 

In summary, the entire ground-water reservoir below the 

Pinelands contains fresh water, with the exception of the lower

most Magothy-Raritan Formation in the southern half of the re

gion and along the Atlantic Ocean. There is no evidence of any 

salt-water encroachment in any of the aquifer systems including 

the Kirkwood whi"ch is heavily pumped in the Atlantic City re

gion. High salinities have been reported in some shallow wells 

that are located too close to the natural fresh-water/salt

water interface. 
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4.0 GROUND-WATER CONT~NATION 

4.1 Introduction 

Contamination of ground water can occur from a large num

ber of man-made sources. Among those of particular interest to 

the Pinelands are seepage from sanitary landfills, highway de

icing salts, accidental or deliberate spills, leaks in storage 

tanks or pipelines, septic tanks and sea-water encroachment. 

The mechanism of contaminant movement in the subsurface is 

fairly well understood. In case of a water-table aquifer, such 

as the Cohansey, contaminants would travel from the land sur

face through the unsaturated zone and then move with the ground 

water to a point of discharge, a stream for example. Such a 

typical flow path is shown in Figure 4-1. 

Often fluid disposal in the subsurface creates a mound on 

the water table (Figure 4-2). The actual shape and size of the 

contaminant· plume in the saturated zone is a function of porosi

ty, hydraulic conductivity of the materials, fluid density, 
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soil attenuation capacity and the volume of the waste fluid. 

Specific statements cannot be made about the distances that con

tamination will travel because of the wide variability of aqui

fer conditions and types of contaminants. Also, each constitu

entfrom a source of contamination may follow a dif:erent atten

uation rate, and the distance to which contamination is present 

will vary with each quality component. Yet certain generaliza

tions which are widely applicable can be stated. For fine

grained alluvial aquifers, contaminants such as bacteria, vi

ruses, organic materials, pesticides, and most radioactive mate

rials, are usually removed by'adsorption within distances of 

less than 328 feet. But most common ions in solution move unim

peded through these aquifers, subject only to the slow proc

esses of attenuation. 

A hypothetical example of a waste disposal site is shown 

in Figure 4-3. Here ground water flows toward a river. Zones 

A, B, C, D, and E represent essentially stable limits for dif

ferent contaminants resulting from the steady release of liquid 

wastes of unchanging'composition. Contaminants form a plume of 

contaminated water extending downgradient from the contamina

tion source until they attenuate to acceptable quality levels. 

The shape and size of a plume depend upon the local geol

ogy, the ground-water flow, the type and concentration of con

taminants, the continuity of waste disposal, and any modifica

tions of the ground-water system by man, such as well pumping. 
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Figure 4-2. Diagram showi n9 percolation of contaminants from a disposel pit 
to a water-table aquifer. . 
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Where ground water is moving relatively rapidly, a plume from a 

point source will tend to be long and thin: but where the flow 

rate is low, the contaminant will tend to spread more laterally 

to form a somewhat wider plume. Irregular plumes can be crea

ted by local influences such as pumping wells and variations in 

permeability. 

Plumes ordinarily tend to become stable in areas where 

there is a constant input of waste into the' ground. This oc-
. . 

curs for one of two reasons: (1) the tendency for enlargement 

as contaminants continue to be added at a point source is coun-

terbalanced by the combined attenuation mechanisms, or (2) the 

contaminant reaches a location of ground-water discharge, such 

as a stream, and emerges from the underground. When a waste is 

first released into ground water, the plume expands until a 

quasi-equilibrium stage is reached. If sorption is important, 

a steady inflow of contamination will cause a slow expansion of 

the plume as the earth materials within it reach a sorption 

capabili ty lind t. 

A hydrogeologic investigation of a polluti~n site normally 

entails the installation of test wells and water quality sam-

pling. Geophysical exploration methods are sometL~es used to 

map the extent of a contaminated ground-water body. 



Figure. 4-3. Plan view of a water-table aquifer showing hypothetical 
areal extent to which specific contaminants of mixed 
wastes at a disposal site disperse and move. 
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4.2 Travel Time 

In order to assess the impact of a pollution problem it is 

important to understand the ground-water flow pattern and the 

flow velocity. The probably direction of flow of a contaminant 

can be deduced from the water-table map as flow is at right an

gles to the water-level contours. The ground-water flow veloci

ty that applies to the water-table aquifer in the Pinelands has 

been estimated assuming certain values for aquifer characteris

tics. 

Examination of the topographic map of the Pinelands shows 

that no point in the region is more than 1.5 miles from a sur-

face-water body. Thus, the maximum travel path is 1.5 miles or 

7,920 feet. Assuming a porosity for the saturated material of 

30 percent, a conservative horizontal permeability of 2,000 gpd/ 

ft2 and an overall water-table gradient of 0.0045 ft/ft (23.8 

feet per mile), the ground-water flow velocity is 4.01 feet per 

day. Assuming a 1.5 mile distance from the source to the dis

charge point, it would take 5.4 years for the contaminated wa-

ter to travel this path. With a shorter flow path, the travel 

time would be proportionally shorter. 

Similar computations of ground-water velocity in the 

deeper flow system (Cohansey-Kirkwood) along a line from the 

middle of the Pinelands region to the Atlantic Ocean, point to 

a travel time of about 2,000 years. This lengthy time of trav-
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el is mainly due to the very low hydraulic gradient. 

Information on the deep ground-water circulation system is 

very limited and data on vertical permeability of the confining 

beds is missing. Ground-water velocities along the deep path 

appear to be considerably higher than those of the intermediate 

path due to the large head differential and steep hydraulic 

gradient that exists between the water table and the Raritan

Magothy aquifer. First calculations for the deep ground-water 

circulation indicate a travel time of several hundreds of years. 

The relatively short time span fOr ground-water circula

tion in the Cohansey aquifer is important in the assessment of 

ground-water polltuion. Any pollutant entering the shallow 

ground-water flow.~y~tem_ would enter a stream or other surface

water body in a matter of several years. However, pollutants 

entering the intermediate or deep flow system would travel for 

hundreds or even thousands of years before arriving at the dis

charge point. 
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4.3 Inventory of Sources of Ground-Water Contamination 

The following section is an inventory of both actual and 

potential sources of ground-water contamination. Those activi

ties that pose the greatest threat to ground water, either be

cause of their widespread occurrence or the nature of the con

taminants involved, are discussed first with less significant 

sources discussed later. Case histories were selected to illus

trate the type and extent of contamination resulting from the 

various sources. 

Most of the case histories cited lie outside the bounda

ries of the Pinelands National Reserve. Due to the limited de

velopment in this area there are less instances of ground-water 

contamination and less documented occurrences. However, many 

of the case histories are in hydrogeolo~ic environments similar 

to those of the Pinelands and, therefore, appropriate to illus

trate the type of ground-water contamination that may occur in 

the Pinelands. Locations and listings of potential sources of 

contamination including landfills, lagoons, storage tanks, and 

spills have been mapped and tabulated to indicate the possible 

magnitude of the problem. 



4.3.1 Indust~ial and Municipal Landfills 

New Jersey disposes of v;rtually all of its solid wastes 

in landfills. New Jersev's landfill facilities run the gamut . . 
from closely supervised industrial sites to uncontrolled com

mon dtlltlps. 

.. 

The typical industrial-municipal landfill covers an area 

of 50 to 200 acres, and accepts municipal solid waste, con

struction debris, chemical wastes, sludge, and various liquid 

wastes. Permit conditions usually restrict the types of waste 

that a landfill operator can accept and, in view of the high 

costs of disposing of hazardous wastes and the relatively mi

nor fines imposed for violating landfill operating permits, it 

is not unusual for landfill operators to accept unau~~orized 

wastes. 

Generally, landfills have been located where the land is 

asstlltled to have little or no value for other uses. They are 

often located in wetlands or abandoned sand and gravel pits 

with little regard for ~~e possihle environmental effects of 

~~e operation. Badly sited or badly constructed landfills can 

generate considerahe quantities of leachate that may enter and 

contaminate the ground-water system, especially those land

fills placed below the water table. 

Landfills contaminate ground water through leachate gen-

erated by precipitation percolating through the waste and de-
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composinq material. Additional sources of landfill-related 

contamination include surface run~ff from the surrounding land 

that runs over or through the landfilled material, moisture 

contained in the materials placed in the landfill, moisture 

from the decomposition of wastes, and water entering and leak

ing. through the bottom and sides of the fill itself. 

Most of the organic compounds in solid and liquid wastes 

are decomposed or stabilized by aerobic and anaerobic organ

isms to simple substances, including gases and soluble orqanic 

and inorganic compounds. If water is available from precipita

tion or surface drainage, these compounds may be dissolved and 

carried off with the water that infiltrates the landfill and 

recharges the ground water or discharges into surface waters. 

Solid inorganic materials are slowly dissolved by percolating 

water, so the leachate contains increased concentrations of 

metallic ions. Liquid industrial wastes, septic tank wastes, 

and waste water treatment sludges contribute to an increase in 

dissolved solids in water percolating through the landfill. 

Leachate is a highly mineralized liquid wh~ch typically 

contains chloride, iron, lead, copper, sodium, nitrate, and a 

large number of organic chemicals. The chemical composition 

of the leachate will depend on the nature of the material de

posited in the landfill. Where industrial wastes are land

filled, the leachate may contain a number of hazardous constit

uents including toxic metals and chemicals. Leachate, espe-
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cially from municipal landfills, may also contain viruses and 

pathogenic bacteria. However'. the concentration of biological 

and certain chemical.pollutants traveling through soil tends 

to decrease with distance from the source. The effectiveness 

of soil processes such as a~sorption, ion exchange, dispersion, 

or dilution in attenuating the chemical pollution from a land

fill depends on the nature and concentration of the pollutant, 

the characteristics of the soils underlying the landfill, and 

the geologic and hydrologic conditions at the site and in the 

surrounding area. 

Landfills continue to generate leachate after they are 

abandoned. The Pennsylvania Department of Health compared the 

leachate proquced from a landfill abandoned in 1950 to an ac

tive landfill, and although there was a hundred-fold differ

ence in BOD and COD concentrations, the differences in specif

ic conductance, ammonia nitrogen, and sulfate indicated ~~at 

the abandoned landfill was a continuing source of contamina

tion. 

The largest single component in municipal waste is paper, 

with substantial quantities of kitchen waste, yard wastes, 

glass, metals, plastics, rubber, and liquids. Many municipal 

sites also receive industrial residues and pollution control 

system sludges in addition to septic tank pumpings, sewage 

sludge, street sweepings, and construction/demolition debris. 

Table 4-1 indicates the general chemical make up of leacnate gen-
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erated from typical municipal solid wastes. 

In. addition to the refuse generated by residences and com-

mercial establishmen·ts, a wide variety of industrial wastes. 

are landfilled. Some of these materials constitute a severe 

threat to the public health (e.g., cyanide, arsenic, phenols, . . 
chlorinated hydrocarbons, vinyl chloride, chromium, lead) 

(Geraghty & Miller, Inc. 1977a). Table 4-2 contains a partial 

list of potentially hazardous materials found in industrial 

wastes. 

. CASE HISTORIES 

The following case histories reflect ~~e nature of ground

watgr-~on~aminationfrom landfill operations. 

In March 1971, an industrial firm hired an independent 

waste hauler to remove d.-ums containing organic solvents and 

residues from the manufacture of organic chemicals and plas

tics from one of the firm's' plants in New Jersey_ In December 

1971, about 4,000 of these drums were found on a former farm 

in Dover Township. The contents of many of the drums had been 

dumped into trenches, wh~le other drums and chemical wastes 

were buried in various sections of the property. 

In 1974, a number of area residents noticed an unusual 

taste and odor in their well water. Subsequent analyses of 

samples from these and other area wells indicated the presence 
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Table 4-1.Summary of Leachate Characteristics From Municipal Solid Wastes. 
(Constituents in ppm, where applicable.) 

Cons t j tuent Median Value Ran~es of A 11 Va lues 

Alkalinity (CaCO) 3,050 0 -20,850 
Biochemi cal Oxygen Demand (5 days) 5,700 81 -33,360 

Calc.ium (Ca) ~38 &0 - 7,200 
Chemical Oxygen Demand (COO) 8,100 40 -89,520 

Copper (Cu) 0.5 0 9.9 
Ch lor i de ( C 1) 700 4.7 - 2,500 

Hardness (CaC03) 2,750 0 -22,800 
I ron, Tota I (Fe) 94 0 - 2,820 

Lead (Pb) 0.75 < 0.1 - 2 
Magnes i um (Mg) 230 17 -15,600 

Manganese (Mn) 0.22 0.06- 125 
Nitrogen (NH4) 218 0 - 1,106 

Potass i um (K) 371 28 - 3 J 770 
Sodium (Na) 767 0 - 7,700 

Sulfate (S04) 47 1 - 1,558 
Total Dissolved So t ids (TOS) 8,955 584 -44,900 

Total Suspended So lids (TSS) 220 10 -26,500 
Total Phosphate (P04) 10. 1 0 130 

Zinc (Zn) 3.5 0 370 
pH 5.8 3.7 - 8.5 

Reference: Geraghty' Miller, Inc., 1977a 
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Table 4-2. Components of Industrial Waste. 

lit - O'l 
IU \It ~ 
U -\It 11) ~ 

\It - S u - c::n en - 11) CU '- C 
C IU u .::: = CU ... U CU c:::: w 
C CU ... .::: lit \It 11) - :: ;:, lit U U CU CU = :: CU CU - "'0 > 3 Q. 

>- u c u - cu 0 
lit I.. IU I.. IU - U \It \It - I.. - 11) e cu O'l c 0 oW 0 .., 
11) e I.. .., I.. 11) ... c: I.. U .., 11) .., 0 C'I \It Q. .., cu 
~ '- .::: 11) c: - ~ X IU ~ :: Q" Q" = Q Q" u.I Q" Q. 1.1.1 

Ammonium sal ts X X 
Antimony X X X 
Arsenic X X X X X 
Asbestos X X 
Bari urn X 
Beryllium X X 
Biological waste X 
Cadmium X X X X X X X 
Ch lorinated hydrocarbons X X X X 
Chromi um X X X X X X X 
Cobalt X X 
Copper X X X X X X X 
Cyanide X X X X 
Ethanol waste, aqueous X 
Explosives (TNT) X 
Flammable solvents X X 
Fl uori de X X 
Halogenated solvents X 
Lead solvents X X X X X X X 
Magnesium X 
Manganese X 
Mercury X X X X X v 

" Molybdenum X 
Nickel X X X X 
Oil X X X 
Organics, miscellaneous X 
Pesticides (organophosphates) X 
~henol X X X 
Phosphorus X X 
Radium X 
Selenium X X X X 
S i 1 ver X X X 
Van adium X 
Zi nc X X X X X X X X 

Reference: Geraghty &. Miller, Inc., 1977a. 



of petrochemicals. The county Board of Health subsequently 

issued an order forbidding the use of about 150 wells for any 

pu.-pose, and an emergency water supply was arranged until a 
. 
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public water supply could be provided (Geraghty & Miller, Inc., 

1977a; Office of Special Services, 1977). 

The Kin Suc landfill (Edison Township) is located in the 

Raritan River salt marsh. The landfill accepts all types of 

wastes including liquids. Only 30 acres of Kin Buc's 220 

acres are being used. Disposal. is continuous with 175,000 

tons of waste deposited in 1972. The site is poorly drained 

.and has a high leachate generation rate. Wastes are essential

ly mounded in the marsh and now form a 100-foot high pile of 

refuse. When the water table rises above the bottom of the 

mound during wet periods, leachate flows into the Raritan Riv-

ere Leachate from the site penetrates the Old Bridge Sand to 

recharge the Farrington aquifer. Leachate also affects the 

quality of Raritan River water in the vicinity of the site. 

Tables 4-3 through 4-5 show the results. of analyses of ground

and surface-water samples (Geraghty & Miller, Inc., 1976). 

The old Camden City landfill covers approximately 90 

acres to a height of 40 feet. It overlies the Potomac-Magothy

Rari tan aquifer' which is the primary source for the City 0 f 

Camden. In recent years, the City of Camden has ab~~doned sev

eral public supply wells in the area because of contamination 

caused by the landfill. The relatively large size of this 



Tab Ie q- 3. Water Quality Analyses in the Vicinity of the Kin Buc Landfill, Edison 
Township, September 17, 1974. {Results other than pH and bacteria 
analyses given in mg/l. 
(MPN) per 100 mI.) 

Bacteria are given as Most Probable Number 

Raritan River at Kin Buc US?HS 1) USEPA 2 
Raw Li mi ts Standard 

Constituents Leachate Upstream Downstream (196Z) ( 1976) 

pH 5.6 7. 1 7.3 
A I ka lin i ty 567. 62 Sl 
Nitrat~ Nitrogen 1 1.5 1.5 10 10 
Ch lod de 2,300 895 535 250 

Phosphate 5 1 1 
Sulfate 5.89 126 80 250 
Oi sso lved Oxygen 0 4.8 5.3 
BOO > 1,822 1 14 

COO 9,914 89 93 
Pheno Is 25.116 NO 0.047 0.001 
Cyan i de 0.013 NO NO 0.01 
Total Dissolved Soli ds 9,323 2,055 1,378 500 

Ch romi um, . Cr+6 NO NO NO 0.05 0.05 
Lead 0.003 0.002 0.005 0.05 0.05 
Copper 0.152 NO 0.048 1 
Zinc 3.64 O. 10 O. 16 5 

Cadmium 0.008 0.002 0.001 0.01 0.010 
I ron 30.6 Z.5 3.2 0.3 
Manganese 0.024 0.010 0.010 0.05 
Tota I Hardness 2,200 350 254 

Total Co 1 i form 2,400 / 490 5,400 1 
Feca 1 Co 1 i form 340 ZO 790 
Streptococci 2,400 240 1,600 
Color 15 

Hote: NO - Not Detected -
1) 

2) 

Recommended by U. S. Public Health Service for drinking water on interstate 
carri ers. 

Proposed by the U. S. Environmental Protection Agency as of May 1976 for 
dri nki ng water. 

Reference: Geraghty & Mi 11er, Inc., 1976. 



Table 4-4. ~ater Quality Analyses in the Vi~inity of the Kin Su~ Landfill, Edison, 
Township, September 30, 1974. (Results other than pH given in'mg/l.) 

Raritan River at Kin Bu~ USPHS 
1) 

USEPA 
.. Raw Limi ts Standa 

Cons t i tuents Leachate Uostream Downstream ( 1962) ( 1976: 

pH 5.6. 6.3 6.9 

A 1 ka 1 in i ty 522 38 41 

Nitrate Nitrogen NO NO NO 10 

Ch lod de 1,400 75 24 250 

Phosphate 1 0.5 O. 1 

Sulfate 675 28 24 250 

,Di sso 1 ved Oxygen a 7 7.4 

BOO 881 58 12 

COD 19,958 51 24 

Pheno 1 s 19.30 0.313 0.061 0.001 

Cyanide 0.010 NO NO 0.01 

Total Dissolved So lids 12,882 197 133 sao 

Note: NO - Not Detected -
1) Recommended by U. S. Publi~ Health Servi~e for drinking water on interstate 

~arri ers. 
2) Proposed by the U. S. Environmental Prote~tion Agen~y in 1976 for drinking 

water. 

Reference: Geraghty' Hiller, Inc., 1976. 

10 



Table 4~5. Water Quality Analyses in the Vicinity of the Kin Buc Landfill, Edison 
Township, February 19, 1976. (Results other than pH and bacteria anal
yses given in mg/l. Bacteria are given in MPN per 100 mI.) 

Constituents 

pH 
A I ka lin i ty 
Total Nitrogen 
Ammonia Nitr-ogen 

Nitrate Nitrogen 
COO 
Ch lori de 
Phosphate 

Sulfate 
BOD 
Dissolved Oxygen 
Phenols 

Cyanide 
Arsenic 
-otal Dissolved Solids 
... hromium Cr+6 

Lead 
Copper 
Zinc 
Cadmium 

Iron 
Manganese 
Total Hardness 
iota I Co 1 i form 

Feca 1 Co I i form 
Streptococci 
Nitrite Nitrogen 
Color 

Note: NO - Not Detected 

Raw 
Leachate 

3.8 
4,500 

365 
300 

1 
18,348 
1,000 

2 

225 
1 ,751 

o 
0.256 

0.041 
NO 

1,844 
NO 

0.077 
NO 
4.41 
0.026 

18.4 
o. 15 

7 t 100 
20 

20 
1,600 

0.022 

Raritan River at Kin Suc 

Upstr-eam 

6.5 
38 

2 
2 

1 
98 
26 
0.35 

20 
5 

10.7 
0.008 

NO 
NO 

151 
NO 

0.038 
NO 
0.072 
0.003 

1.82 
0.015 

120 
2,400 

920 
2,400 

0.028 

Downstr-eam 

6.9 
59 
3.9 
2.5 

1.5 
67 

420 
0.42 

110 
4 
9 
o. 105 

0.009 
NO 

888 
NO 

0.026 
NO 
NO 
0.003 

8 
O. 16 

210 
2,400 

540 
110 

0.008 

Ground 
Water 
Trench 

7 
922 

38. 1 
33.5 

NO 
94 

175 
1 

USPHS 1) 
Limits 
(1962) 

10 

NO 250 
201 

o 
0.243 0.001 

NO 
NO 

1 ,300 
NO 

0.044 
NO 
o. 19 
o 

11.6 
NO 

820 
~,400 

350 
49 
0.003 

0.01 

500 
0.05 

0.05 
1 
5 
0.01 

0.3 
0.05 

15 

USEPA 
Standa 

<.1976 

10 

0.05 

0.010 

1) 

2} 

Recommended by the U. S. Public Health Service ror dr-inking water on interstate 
carri ers. 

Proposed by the U. S. Environmental Protection Agency as of May 1976 for 
drinking water. 

Reference: Geraghty & Hiller, Inc.,1976. 
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landfill and its critical location over the heavily pumped 

Potornac-Magothy-Raritan aquifer represents a threat to local 

and regional ground-water quality (Geraghty & l-1iller, Inc., 

1977c) •. 
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The L&D landfill is located in Burlington County near the 

Town of Mount Holly and covers approximately 200 acres. It ac

cepts an average of about 400 tons per day of both municipal 

and industrial refuse and has operated at current volumes for 

seven years. Ground-water flow from the site is in the gener~ 

al direction of the developed area., The North Branch of Ran

cocas Creek is about 200 yeards north of the landfill, and 

serves as a discharge area for leachate contaminated ground wa

ter (GeraghtY_& ... Miller, .. Inc., 1977b). 

The ~&D landfill occupies a sand and gravel pit which 

overlies the Wenonah-Mount Laurel Formation. This formation 

is one of the major aquifers in the Pinelands. The leachate 

generation rate at this landfill may be some 150,000 gpd. Some 

of this leachate migrates into the Wenonah-Mount Laurel aquifer 

and then discharges into Rancocas Creek. However, during a 

drought, water levels in the aquifer will decline, possibly be

low the bottom of the stream bed, and leachate in the aquifer 

would tend to move in the direction of pumping wells (Geraghty 

& Miller, Inc., 1977c). 



-63-

A firm in Gloucester County operates a landfill lo-

cated on a 5-acre site adjacent to the Delaware River. The 

site is used for the disposal of sludges generated at the 

plant's waste water trea~~ent facility. The landfill overlies 

the outcrop of the ~otomac-Magothy-Raritan aquifer. Extensive 

river deposits in the area may isolate the landfill from the 

aquifer and cause the leachate to migrate through shallow sedi-o 

ments directly to the Delaware River. Two plant production 

wells are located several hundred yards from the landfill .:nd 

are screened in the aquifer. 

Analyses of samples from two observation wells screened 

in the Potomac-Magothy-Raritan indicate that a leachate plume 

lies between the landfill and the river. These wells yielded 

water containing abnormally hi;h concentrations of copper, 

chloride, magnesium, and iron. Nickel and lead were found in 

both observation wells, but not in the production wells, and 

organic compounds were not detected in any of the samples 

(Geraghty & Miller, Inc., 1977b). 

The Kramer landfill is located on a 50-acre site in ~~n

tua Township, Gloucester County. The area is drained by Ed

ward's Run, which is directly east of the landfill, and numer

ous leachate seeps flow directly into Edward's Run along the 

toe of the landfill. The landfill accepts municipal waste, 

sewage and sewage sludge, and non-cha~cal industrial waste. 

In the past, it also accepted chemical industrial wastes. The 



inactive portions of the landfill are flat and are covered 

with a sandy material which is not an effective barrier to in

filtration. 

Water quality analyses 'of samples from three observation 

wells located near this landfill indicate abnormal levels of 

total dissolved solids, wi~~ calcium, sulfate, sodium, COD, 
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and detergents (MBAS) all above background levels. Moreover, 

trace quantities of two electronegative organic compounds were 

found, possibly indicating the presence of soluble industr~al 

chemicals in the ground water (Geraghty & Miller, Inc., 1977b). 

The Kinsley landfill covers some 65 acres in Deptford 

Township, Gloucester County, and is approximately 50 feet 

thick. The site is in a relatively flat upland area and is 

underlain by two confining beds, the Navesink and Hornerstown 

Formations. The area is drained by several small streams, in

cluding Monongahela Brook. This landfill accepts municipal 

waste, animal wastes from nearby hog farms, sewage sludge, and 

certain types of industrial waste including some chemicals. 

The volume of waste currently dumped at the site is reported 

to be 1,500 tons per day. The landfill has a leachate collec

tion system consisting of a diked channel; water collected in 

the channel· is pumped to ~~e top of the landfill. There are 

at least eight monitoring wells installed at various depths at 

the site. 
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Although the landfill is separated from the deep aquifer 

by the confining layers, recent water quality analyses indi

cate that the aquifer has been affected by leachate. Concen

trations of iron, chloride, phenols, ca~ium, lead, and manga

nese exceed drinking water standards in at least one of the 

deep wells, and even though substantial attenuation is occur

ring, some contaminants appear to be migrating into the deeper 

aquifer. It has been suggested that the contamination in the 

deeper aquifer may be caused by an abandoned dump near the 

Kinsley site. This possibility, however, has not been fully 

investigated (Geraghty & Miller, Inc., 1977c). 

The Newfield landfill is a municipal-industrial waste dis

posal site of approximately 3 acres owned- and operated by th-e 

Borough of Newfield. It accepts non-chemical, inert industri

al wastes, and brush and leaves from the surrounding area. 

The landfill is situated on the outcrop of the Cohansey Sand. 

Analysis of water from a well located at the toe of the land

fill indicates that leachate has contaminated the ground water. 

The JIS landfill in South Brunswick is a 30-acre pit 

which is 20 to 30 feet deep_ The landfill's configuration 

tends to direct runOff into the pit, maximizing leachate pro

duction, The landfill is located in the Magothy recharge area, 

and excavation may have exposed the for.mation to the landfill 

allowing leachate to enter the aquifer directly. The landfill 



accepts all types of industrial wastes. Recently, a do~estic 

well nearby was found to be contaminated. Tables 4-6 and 4-7 

show chemical analyses from adjacent wells but the actual ex-
, 

tent of contamination has not been determined (Geraghty & 

Miller, Inc., 1976). 

EXTENT OF THE PROBLEM IN THE PINELANDS 
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The volume of leachate generated by a particular landfill 

depends on its absorptive capacity, areal extent, and the 

amount of infiltrated water. Most landfills are bulldozed to 

~ fairly flat surface and are normally covered with relatively 

coarse-grained material. In general, there is no attempt to 

plant vegetation until the site is closed. These practices 

are conducive to infiltration, and it is reasonable to assume 

that at least half of the annual precipitation falling on the 

site will be recharged to the ground after percolating through 

the 1andfilled material. 

All landfill sites in the Pinelands were inventoried to 

assess the potential impact of industrial and municipal land

fills on. ground-water resources (~ab1e 4-8). The inventory was 

compiled from data obtained from the New Jersey Solid Waste Ad~ 

ministration and the Bureau of ~opography and Geology, that de

scribes 208 registered industrial-municipal landfills through

out the state, and the type of industrial or municipal wastes 

that they accept (Table 4-9). The potential impact of unregis-
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Table 4-6.Summary of Ground-Water Quality in the Vicinity of JIS Landfill, 
South Brunswick, New Jersey. (Results other than pH and bacteria 
analyses given in mg/l. aacteria are given in MPN per 100 mI.) 

Samp 1 i ng Date 

Color (Units) 
pH 
Al ka lin i ty 

Total Nitrogen 
Ammonia Nitrogen 
Nitrate Nitrogen 

Chloride 
Phosphate 
Su 1 fate 

BOD 
Dissolved Oxygen 
COD 

Phenols 
Cyanide 
Turbidity (Units) 

Total Dissolved Solids 
Chromi urn Cr+6 
Lead 

Copper 
Zinc 
Cadmi urn 

I ron 
Manganese 
Total Hardness 

Tota t- Co I i form 
Feea I Co 1 i form 
Streptoc:occi 

Note: NO - Not Detected 

We 11 1 

11'-6-75 

40 
5.8 

23 

1 
NO 
NO 

57 
NO 
7 

>29 
2.9 

108 

2.34 
NO 
24 

138 
NO 
0.021 

0.070 
0.25 

NO 

3.36 
0.31 

120 

330 
< 2 
< 2 

Well 2 

12-2-75 

5 
5.8 

19 

1 
NO 
12.5 

20 
NO 
23 

<1 
9.3 

12 

0.022 
NO 

3 

147 
NO 
0.740 

NO 
0.40 

NO 

0.52 
O. 10 

86 

<2 
<2 
<2 

Well 3 

11-6-75 

500 

1 
NO 
3.8 

190 

< 1 

NO 

0.014 

1,096 
NO 
0.040 

NO 
0.23 
0.003 

20 

We 11 4 

11-6-75 

50 

0.56 
NO 
9 

< 1 

4 

0.007 

368 
NO 

NO 
0.26 
0.002 

Private 
Wei t 
Ka ter 

Private 
l,Ie 11 

Kordus 

12-2-75 12-2-75 

30 5 
5.9 5.4 

2.1 1 1 

2 1 
NO' NO 
NO 4 

28 
NO 

8 

3 
0.7 

28 

0.136 
NO 
31 

118 
NO 
0.007 

0.035 
0.55 

NO 

4.4 
0.02 

L40 

7 
< 2 
< 2 

35 
0.02 
1 

NO 
9 

-4--

0.015 
NO 

2 

74 
NO 
0.015 

0.595 
0.20 

NO 

0.38 
0.02 

36 

<2 
<2 
<2. 

\",,-~ .. - Reference: Geraghty &Miller, Inc., 1976. 
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Table ~-7 . Summary of Organic Chemical Analyses 1) of Ground-Water Samples From 
·Observation Wells and Other Wells in the Vicinity of JIS Landfill, 
South B runswi ck, New Jersey. (Results given in mg/1. ) 

We 11 Ka ter Kaler JIS 1 JIS 2 JIS 3 JIS 4 

E?A Lab Sample No. 40368 32739 32730 32731 32490 32491 

Samp·t i ng Date 10-3-75* 10-3-75* 11-6-75 11-6-75 12-2-75 12-2-75 

Ch lorofonn 2.6 120 0.6 NO 5,710 

Toluene 0.39 80 1.8 NO 310 

Xylenes 0.35 190 NO 150 

Tri -ch loroethane 1.5 160 NO 30 

Tri-chloroethylene 0.22- 660 5.2 NO 830 

Oichloroethylene 25 

Benzene NO 100 

-l4-l-S-K - .. NO 190 

Styrene .. NO 90 

~: * Date of chemical analysis, not sampling date. 

NO - Not Detected 

1) No drinking water limits or standards have been set for these 
compounds by US PHS or USEPA. 

Reference: Geraghty & Miller, Inc., 1 976a. 

aSAF 

32236 

12-3-7: 

NO 

0.5 

2.9 

NO 

NO 

NO 



( ..... Table 4-8. Industrial and Municipal Landfil Is in the Pinelands 

Map 
No. Name 

A1 Ocean Co. Sewerage Authority 
Colliers Mini Site 

A2 American Cyanamid 

A3 Sunny Pine 

A4 Manchester Township Ocean 
Co. Sewerage Authori ty 

AS WH Site No. 1 Lakewood 

A6 WM Site No.2 Woodmansie 

A7 South Toms River Borough 

A8 Berkeley Township 

A9 01sens Septic Service 

Al0 Lacey Township 

All Southern Ocean 

A12 Stafford Township 

A13 Stafford Township Expansion 

A14 Tuckerton Borough Eagleswood 
Township 

A15 Little Egg Harbor Township 

A16 Maurice River Township No. 

A17 Maurice River Township No. 2 

A18 Folsom Borough 

A19 Unknown 

A20 Joe Esposito 

A21 Burough of Buena 

A22 Hamilton Township SWDA 

Volume of Waste in 1976 
Tons Gallons Types of Waste 

5,609 

38,835 

23, 178 

1,500 

o 10, 13, 14, 22, 24 

10,108,225 10,11,13,14,20,22,24, 
27, 73, 74 

1,089,500 10-14,19,20,24,27,70 
73,74 

o 10 
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Table 4-8. Indust!"ial and Municipal Landfills in the Pinelands (continued). 

Map Volume of Waste in 1976 
No. Name Tons Gallons Types of Waste 

A23 Mullica Township SWOA 138 0 10,27 

A24 Horn i k Ie 

A25 Galloway Township (3 1 ocat ions) 

A26 Estell Manor City 78 0 10 

A27 Port Republic 

A28 Denn i s Townsh i p 

A29 Upper Township 4,543 0 10, 13 , 14,24 

A30 w. Saduk 

A31 Woodbine 105,486 2,253,000 1 0 , 1 2 -1 4 , 73 , 74 

A32 Dennis Township 

A33 Big Hill 227,681 20,000 10,13,14,20,22,24,74 

A34 FO!"t Dix 

A35 Pemberton Township 14,449 1,412,000 10,11,13,14,22-24 

A36 Winslow Township 12,352 '0 10,13,14,22-25,27 

A37 McEI hone 

A38 Bass River 

A39 Evesham 

A40 Medford Township SWOA 20,923 0 10-15,20-22 

A41 Tabernacle Township SWOA 

A42 Woodland Township 

A43 New Freedom 

A44 Anco!"a St!"eet Hospital 

.. A45 Ki ng of Prussia 
\.. ... 

A46 Jackson Township 10 
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tered dumps and illegal disposal sites scattered throughout 

the state has not been assessed. 
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The potential volume of leachate was estimated from aver

age landfill size (area), and the average precipitation. Since 

the area of each landfill in the Pinelands was not known, land

fill areas in Gloucester, Camden, Burlington, and Mercer Coun

ties were used as a proxy, and the average size of a landfill 

in these counties (32 acres) was assumed to represent a general 

Pinelands average (Bureau of Geology and Topography, 1976). 

The average precipitation throughout the ~inelands was assumed 

to be 45 inches per year. Based on these estimates, the aver

age landfill may generate approximately 18.7 million gallons 

of leachate per year. The 46 registered landfills in the Pine

lands have the potential collectively of generating 860 mil

lion gallons of leachate per year. 

It is apparent that substantial volumes of leachate may be 

recharged to the Cohansey within the Pinelands. Although the 

Cohansey aquifer is less developed than others in the Coastal 

Plain, it may be used to provide substantial ground-water sup

plies in the future. This resource is probably being degraded 

by landfill operations more than any other aquifer system in 

the state by virtue of its large outcrop area. 



Table 4-9. Classification Code for Industrial and Municipal Wastes. 

Classification 
Number 

10 
11 
12 
13 
14 

15 
16 
17 
18 
19 

20 
21 
22 
23 
24 

25 
26 
70 
71 
72 

73 
74 
75 
76 
77 

Type of Waste 

Municipal (household, chemical) 
Institutional 
Dry sewage sludge 
Bulky waste 
Construction and demo 1 ition 

Pesticides - dry 
Hazardous waste containers 
Hazardous waste - dry 
Chemical use - dry - nonhazardous 
Junked autos 

Ti res 
Dead animals 
Leaves and chopped tree waste 
Agriculture vegetative waste 
Tree stumps 

Food processing waste 
Industrial (non-chemical) 
Waste oi 1 
Semi-solid materials and sludge 
Bulk liquid and semi-liquid 

Septic tank clean-out waste 
Liquid sewage sludge 
Pesticide liquids 
Hazardous waste liquids 
Chemical waste liquids 

Reference: New Jersey Department of Environmental Protection, Bureau of 
Solid Waste Management 
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No extensive ground-water investigations have been car

ried out near landfills in the Pinelands area and therefore 

the threat posed by industrial toxic waste fluids known to 

have been accepted at some landfills, cannot be assessed. 

In a recent case, the Jackson Township landfill located 

along the northern border of the Pinelands Reserve is suspec

ted to have caused ground-water pollution and illness among 

local residents who drank water from on-site wells. This land

fill opened in .1972, apparently accepted industrial toxic and 

carcinogenic chemical wastes as well as municipal garbage. 

According to published reports, dumping took place for eight 

years, with peak deliveries of 300,000 gallons of waste fluids 

per day (New York Times, Feb. 7, 1980). The NJDEP has filed a 

suit to permanently close the landfill. Nearby residents are 

now supplied with drinking water trucked in from a distant 

deep well and the Township has borrowed $1.2 million from the 

state for a water treatment plant and a pipeline system. 
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4.3.2 Indus~rial Waste Water Impoundments 

Industrial waste water impoun~ents include lagoons, ba

sins, pits, and ponds. They may be natural depressions or may 

be constructed by excavation or diking, and may be lined or un

lined. Their distribution within the state reflects the con

c~trated industrial development which extends from Eli%ab~th 

to Trenton and along the Delaware River to Paulsboro. Some im

poundments are designed to recharge waste liquids into the 

ground; others are intended for permanent storage and are al

ledged to be leakproof. Impoundments designed for long-term 

storage are generally sited in materials with low permeability 

and ma~ be lined with clay, concrete, asphalt, metal, or plas

tic sheeting. 

Surface impoundments cause ground-water contamination by 

leaking waste liquids into shallow aquifers by. design, acci

dent, or failure. In some heavily industrialized sections of 

New Jersey, contamination resulting from the leakage of im

pounded wastes has limited the use of the shallow aquifers. 

Potential contaminants include the range of organic and inor

ganic chemicals normally contained in industrial waste water 

and include phenols, acids, heavy metals, and cyanide. Be

cause industrial impoundments can lea~ hazardous materials in

to the groUnd, they should be considered a major source of 

ground-water contamination. The contamination potential of an 

impoundment will be influenced by ~~e nature of the waste mate-
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rial, soil permeability, ~~e height of the water table, rain

fall,· and evaporation. 

In general, industrial waste impoun~~ents are not de

signed to protect ground water, and many were constructed so 

that waste water will be lost to the ground thereby creating a 

renewable "storage" space capable of accommodating continuous 

discharges. Many unlined impoundments are located in geologic 

settings that are highly susceptible to leakage, e.g., aban

doned sand and gravel pits, sinkholes, and swamps overlyL~g 

permeable unconsolidated deposits. Clay is probably the most 

widely used lining material, but it is not impermeable. Thus, 

the leakage potential from lined impoundments can also be sig

nificant. 

Leakage through the sides of an excavated lagoon (caused 

by erosion of soil banks or by the rupture of artificial lin

ings on the sides of an impoundment) can occur at a high rate 

and may be as important as leakage through the bottom, which 

is often clogged with settled solids and sludges which retard 

the flow of water. The problem is compounded by the fact ~~at 

waste discharges into holding ponds, lagoons, and basins are 

typically not metered, and most impoundments do not have moni

torL~g wells. 
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CHARACTERISTICS OF CONTAMINANTS 

The chemical constituents in industrial waste water can 

be grouped by major SIC category. Table 4-10 was prepared from 

an EPA list of potential ground-water contaminants. Many of 

these chemicals are not included in standard water quality ~~

al¥ses. 

The volmne of leakage from an impoundment depends on the 

self-sealing characteristics of the soil, its permeability, . 

and on the effectiveness and longevity of the lining material • 

. Soil characteristics will generally determine the degree to 

which contaminants are attenuated as the waste water moves 

through' the unsaturated zone into the ground-water system. 

CASE HISTORIES 

-
Docmnentation of ground-water contamination as a result 

of lea~age from waste water impoundments is not complete be-

cause ~~ere is ~. lack of adequate monitoring and a poor histor

ical record. The following examples then, represent only a 

small part of the overall problem. 

An industrial firm, located in the Town of Newfield, Cam-

den County, used a l2-foot deep unlined pond to dispose of so-

dium hydro~ide and sodium chromate for about 20 years. In the 

early 1970's, water in a local domestic well turned yellow and, 

about a year later, a public supply well serving the Town of 
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Newfield and located on 'the firm's property became contamina

ted with hexavalent chromium. The well was removed from the 

public supply system" but is still 'used by the company as a 

cooling water supply. 

The lagoon was subsequently lined, and an interceptor 

well was installed and connected to a new treatment facilitv. 
--

Upon investigation, hexavalent chromium concentrations up to 

150 mg/l were found in ground water some 700 feet from the la

goon, but the actual extent of this contamination was not de-

termined (Geraghty & Miller, Inc., 1977c). 

During 1973, leakage of partially treated waste water 

from an unlined lagoon contaminated five domestic. wells loca

ted near an industrial plant in Winslow Township, Camden Coun-

ty. The company agreed to abandon and fill the lagoon, update 

its treatment process, and install ~~d maintain activated car-

bon treatment systems for the affected homes (Geraghty & 

Mil+er, Inc., 1977c). 

The King of Prussia lagoon overlies the outcrop of the 

Cohansey aquifer in the Pine lands region of Camden County_ 

Leaking waste water has killed a large number of trees in the 

Vicinity of the site, and. water from observation wells in the 

area contains high concentrations of contaminants including or-

ganic solvents. A plume of contaminated ground water is be

lieved to be migrating away from the site (Geraghty & Hiller, 

Inc., 1977b). 



Table 4-10. Industrial Waste-~ater Parameters Having or Indicating Significant 
Ground-Water Contamination Potential. 

PAPER AND ALLIED PRODUCTS (Pulp and Paper Industry) 

Ammonia Nutri ents 
pH 
Phenols 
Sulfite 

(nitrogen and phosphorus) 
Chemical Oxygen Demand 
Color 
Heavy Metals 

Total Dissolved Solids 
Total Organic Carbon 

PETROLEUM AND COAL PRODUCTS (Petroleum Refining Industry) 

Ammonia 
Chloride 
Chromium 
Chemical Oxygen Demand 
Color 
Copper 
Cyanide 

Iron 
Lead 
Mercaptans 
Nitrogen 
Odor 
pH 
Phenols 

PRIMARY METALS (Steet Industries) 

Ammonia 
Chloride 
Chromium 
Cyanide 

Iron 
pH 
Phenols 

Sulfate 
Sulfite 
Total Dissolved Solids 
iotal Organic Carbon 
Total Phosphorus 
Turbidity 
Zinc 

Sulfate 
Tin 
Zinc 

CHEMICALS AND ALLIED PRODUCTS (Organic Chemicals Industry) 

Chemical Oxygen Demand 
Cyanide 
Heavy Metals 

pH 
Phenols 
Total Dissolved Solids 

Reference: Geraghty & Miller, Inc. 1977a. 

iota 1 Nit rogen 
Total Organic Carbon 
Total Phosphorus 
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The Monroe Utilities Authority (MOA) operates several pub

lic supply wells in Williamstown, New Jersey. Recently, small 

quantities of mercury were found in Wells 4 and 5 and they 

were removed from service. While searching for ~~e probable 

source of this ground-water contamination, an unlined lagoon 

owned by an industrial firm was discovered approximately 2,000 

feet. upqradient from the two wells. The plant reportedly dis

charg~d wash water from fruit and vegetable packing into the 

lagoon which was excavated in sandy material (Cape Mayor Co

hansey Formation), allowing rapid percolation of the wash wa

ter and pesticide residuals into the ground water. Mercury 

was a common ingredient. in these pesticides until the early 

1970 IS •. 

While the actual source of the mercury in Wells 4 and 5 

was not demonstrated, the lagoon is the suspected point of ori

gin. Mercury was found in concentrations of 0.004 mg/l in 

Well 4 and 0.001 mg/l in WellS. Well 6, located several 
. 

miles away from the plant, showed a mercury concentration of 

0.0005 mg/l. The limit on mercury in potable water is 0.002 

mg/l (Geraghty & Miller, Inc., 1977b). 

An industrial firm, located in Birmingham, manufacturers 

sulfuric acid, di-vinyl benzene, and ion exchange resins. 

Waste process water is pumped to two large, unlined ponds as a 

part of the treatment process. The geoloqyof the site favors 

the movement of leakage from the lagoons towards Rancocas 
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Creek. Analyses of water from a monitoring well adjacent to 

the site indicates abnormally high levels of sulfate, calcium, 

chloride, and sodium, as well as organic compounds (Geragh~y & 

Miller, Inc., 1977b). 

An industrial firm, located in Independence Township, War

ren County, manufactures hair dye chemicals and discharges 

process waste into ~~ree lagoons, one of which is unlined. 

NJDEP indicated that waste water from the lagoon is discharg

ing to a nearby stream. There are no monitoring or production 

wells in the area, and the extent of any ground-water contami

nation has not been determined (Harrington, 1978). 

An industrial firm, located in Belvidere Township, Warren 

County, manufactures protective coatings anda~ulsions. Waste 

water from its polyvinyl acetate emulsion plant has been 

treated in three unlined lagoons since 1956. The NJDEP has 

sampled ~~ree observation wells located on the site, and one 

well is contaminated by mercury. The contamination has migra

ted approximately 45 feet from the lagoon to the observation 

well, but its full ~xtent has not yet been determined (Harring

ton, 1978). 

An industrial firm, located in Franklin Borough, Sussex 

County, manufactures pharmaceutical chemicals. Plant waste wa

ter contains chloride, sulfate, and acetic acid, and is dis

charged to an unlined lagoon which overlies a zinc mine. The 
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NJDEP found waste water lea}~ing into the zinc mine f but the 

data were not sufficient to confirm the source of ~~e leakage 

(Har~ington, 1978). 

An industrial firm in Howell Township, Monmouth County, 

reclaims silver from photographic emulsions. A field inspec

tion by the NJDEP in 1976 revealed that the company discharged 

process sludges into a pond located in back of the plant. Wa

ter samples taken in September 1976 from two domestic wells 

near the site contained 0.06 and 0.07 mg/l of silver, and 0'.99 

and 0.198 mg/l of phenol. The firm's waste water stream had a 

phenol level of 40 mg/l. An extensive sampling program was 

initiated, and analyses by EPA laboratories indicated the pres

ence of several organic compounds in the domestic wells. As 

o,f September 1977 I SO private wells in the area were ordered 

closed due to silver contamination. All but 17 of these wells 

have been retu--ned to service (Office of Special Services, 

1977) • 

EXTENT OF THE PROBLEM IN THE PINELANDS 

In general, industrial waste water impoundments are not 

well regulated. Impoundments are regulated only when they 

uti~ize ground recharge as a disposal me~~odi then SPDES per

mits are required for evaporation ponds and lagoons. The lack 

of permit data makes it difficult to evaluate ~~ei= impact on 

the Pinelands ground-water resources. Infor.mation was obtained 
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primarily from conversations with technicians and engineers, 

and from general files of the Pollution Control Monitoring, 

Surveillance and Enforcement Element of NJDEP (1977). 

Table 4-11 contains information on the seven industries 

with waste water impoundment. sites identified in the 
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Pinelands. This does not represent the total number of impound

ments because many are not permitted, and are essentially un

identified. 

Leakage from an average impoundment was calculated to de

termine the overall magnitude of potential leakage. The actu

al volume of leakage at an individual site may vary from the 

calculated average by one or several orders of magnitude, de

pending on soil composition and self-sealing capability, the 

nature of the waste materials, and prevailing hydrogeologic 

conditions at the site (Karubian, 1974). This calculated leak 

rate is based on an assumed average retention time of 20 days, 

a nominal depth of 4 feet, and a seepage rate estimated at 30 

inches per year. The calculated leakage rate for all seven im

poundments is 140 mgy. 
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,-' 4.3.3 Septic Syste.'l1S 

i 

Septic tanks and cesspools dis~harge large volumes of 

waste water directly into the ground, and are the most fre-. 

quently reported sources of ground-water contamination.. Most 

septic-system problems are related to surface flooding ~~d/or 

the recycling of waste liquids through private wells. Except 

where liquid recycling is so rapid that pathogenic organisms 

can survive, the major health concern from on-site domestic 

waste disposal systems is high nitrate concentrations 

(Geraghty & Miller, Inc., 1977a). 

Septic systems are widely used to dispose of wastes f:om 

homes, ·stores, laundries, small office buildings, hospitals, 

and industrial locations where community or municipal sewer 

systems are not available. Under normal conditions, septic 

systems are effective in removing phosphates, but chloride, ni-

trate, sulfate, bicarbonate, and dissolved solids are not re-

moved and can enter the ground water (Miller, ~eLuca and Tes-

sier, 1974). Bacteria, viruses, and other pathogens are nor

mally removed in soils, but under certain conditions, they 

reach the water table and are transported in ground water. A 

number of other ground-water contaminants are associated with 

septic systems including synthetic detergents, water treatment 

chemicals, and organic compounds used as septic system clean

ers and deqreasers. 



Table 4-11. Industries Reportedly Having Wastewater Impoundments Within 
the Pinelands 

Map 
No. Name Mun i c i pa 1 i ty County Type of Waste 

Bl King of Pruss ia Winslow Camden Information not available. 

B2 Certain-Tweed Window Camden I nformat i on not avai lable. 

83· Un i syl Maurice River Cumberland Information not avai lable. 

B4 Owens It 1 i no is Maurice River Cumbef"l and I nformat f on not avai 1able. 

B5 Violet Packing Monroe Gloucester Food processing wastewater. 

B6 Johns Mansville Winslow Camden Fi bergl ass manufacturi ng ... 
wastewater containing 
pheno 1 i c ,res in binder. 

87 Owens Corning Berlin Camden Pipe insulation manufactur-
ing wastewater. 
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A percolation test is generally required to determine the 

soil suitability for a septio system at a specific site, and 

rapid percolation is assumed to indicate efficient performance. 

Percolation testing, however, conveys a very limited amount of 

information, and coarse-grained soils that perform well in per

colation tests are often the least effective in removing bac

teria and bonding chemical pollutants. Moreover, the test can

not indicate the probable long-term impact on ground-water 

quality from various septic system densities (Miller, DeLuca, 

and Tessier, 1974). 

CHARACTERISTICS OF DOMESTIC SEWAGE 

Domestic sewage is about 99. 9 percent wa tar by-we±qht-; - ... 

and contains soluble organic and inorganic materials including 

food wastes, soaps, bacteria, viruses, and other microorgan

isms. Its composition is not uniform, and varies from hour to 

hour and from house to house. The constituents in domestic 

sewage whioh pose the greatest potential threat to ground-

water quality are: 

- Excessive concentrations of nitrate produce a bitter taste 
in drinking water, and may be physically harmful. Water 
from wells containing more than 4S mg/l nitrate as N03 has 
been linked to methemoglobinemia in infants • 
. 

- Ground-water discharges containing high levels of phosphate 
can accelerate eutrophication in lakes, and high levels of 
BOO can deplete dissolved oxygen supplies necessary to sup
port aquatic life. 

- Lead, tin, iron, co~~er, zinc, and manganese leached from ... 
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pipes are toxic in excessive concentrations. 

- Sodium, chloride, sulfate, potassium, calcium, and magnesium 
can pose health hazards to some individuals (Geraghty & 
Miller, Inc., 1977a). 

CASE HISTORIES 

Two instances of excessive nitrate concentrations in 

ground water resulting from domestic septic tank effluent were 

identified by the NJDEP in Mercer County. Both cases involved 

nitrate contamination of local supplies which had to be aban

doned for public water (Benitente, 1977). 

Industrial waste water is sometimes disposed of in septic 

systems, ~nd can contain constituents that have a high poten

tial for contaminating ground water. An industrial.fi=m 10ca-

ted in Wharton, Morris County, discharges waste water to dry 

wells and a septic system. The plant has been operating at 

this site for approximately 10 years. Recently, the Borough 

of Wharton drilled a public supply well near the plant site; 

the water samples contained 10 mg/l of oil and grease. An in

vestigation by the NJDEP, concluded that the firm's waste wa

ter contained high (22 mg/l) concentrations of oil and grease. 

The company has agreed to install monitoring wells to deter-

mine the extent of this contamination, and will install and 

operate a waste water treatment facility (Pollution Control 

Monitoring, Surveillance and Enforcement Element, 1977). 
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EXTENT OF THE PROBLEM IN THE PINELANOS 

On-site domestic waste disposal systems may cause individ

ual, local, or regional ground-water contamination problems. 

An individual problem occurs when a system on a particular 

piece of property contaminates one or more wells in the immedi

ate vicinity. A local problem exists when a number of individ

ual disposal systems contaminate an aquifer segment which is 

used to supply water in the area. A regional problem is cre

ated when many syst~ contaminate aquifers over a larger area, 

such as one or more counties. 

The most important factor in the poten~ial regional L~

pact is ~~e number and density of on-site domestic waste dis

posal systems in an area. Geology, depth to ~~e water table, 

and climate will affect the nature and severity of the contam

ination problem, but to a lesser degree (Geraghty & Miller, 

Inc., 1977a). Regional ground-water quality impacts are ex

tremely difficult to control or abate because many contami

nants will persist in the ground-water system long after the 

septic tanks and cesspools are replaced by community sewer sys

tems. 

The regional potential for ground-water contamination is 

suggested by the relative density of on-site domestic waste 



-81-

disposal units. In areas which are not sewered, housing densi

ty is a reasonable proxy for the number and density of individ

ual disposal systems. To date, the actual density of individu

al disposal systems in the Pinelands has not been mapped. Con

sidering the relatively light development throughout the area, 

contamination from this source cannot be considered a regional 

problem at this time. 

The volume of waste water discharged to the ground 

through septic systems does not necessarily indicate the exis

tence or magnitude of ground-water quality problems. The actu

al volume of domestic waste water discharged to the subsurface . 

in high-density areas, however, can be very large, and in some 

instances, represents a significant part of the recharge to 

the local aquifers (Office of Hazardous Substances Control, 

1977al. The potential impact of the industrial use of septic 

systems on ground-water quality is significant. There is no 

inventory of industrial facilities discharging waste water in

to septic systems and problems are generally identified after 

wells become contaminated. 
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4.3.4 Municipal Sewer Leakage 

A sanitary sewer is theoretically watertight, but in prac

tice, some leakage is normal and anticipated. Leakage from 

gravity sewers is generally caused by the following conditions: 

Poor workmanship, especially where mortar is used as a joint

ing material. 

Defective pipe. 

Breakage caused by frost heaving, superimposed loads, or dif

ferential settling. 

Rupture caused by downhill creep of earth fill materials in 

hilly terrain and loss of foundation support caused by under

ground washouts. 

Penetration by tree roots. 

Older sewer systems are characterized by short pipe lengths 

with as many as 1,000 to 2,000 pipe joints per mile of pipe. 

These joints were commonly sealed with mortar, giving many op

portunities for leakage. Although the leakage from any single 

joint may be very low in volume, the combined total of many 

small leaks may have a significant impact on ground-water qual

ity. Sewer construction materials and techniques have improved 

significantly, and current practice specifies a leakage rate of 

less than 30 qpd per mile per inch of pipe diameter (Geraghty & 

Miller, Inc., 1976). 
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CASE HISTORIES 

In March 1971, the NJDEP ordered the Perth Amboy Water Oe-

partment to discoptinue the use of certain suction wells in 

the Runyon Well Field. Analyses of the well water indicated 

hiqher than normal concentrations of aluminum, lead, and zinc 
, 

in the Old Bridge aquifer. Subsequent investiqation by the 

NJDEP revealed several sources of contamination, including a 

leaking connection in a municipal sewer line. 

An industrial firm, located approximately one-half mile 

. upstream from the Runyon Well Field, produces zinc fluoride 

and other chemical compounds. The firm's waste water is dis

charged·into a mun~~ipal sewer owned by Old Bridge Township. 

Investiqations revealed that a ruptured sewer lateral effec-

tively bypassed the firm's pretreatment facility. Subsequent 

soil borings taken along the route of the Old Bridge sewer 

line indicated increasing amounts of contaminants in the direc-

tion of the well field (Geraqhty & Miller, Inc., 1976). 

Ouring a routine analysis of water from the City of Cam-
. 

den's municipal supply, a high concentration of chromium was 

found in a well and it was removed from service. The chemical 

was subsequently traced to a number of metal-platinq fi=ms 

with sewer discharges. The full extent of the chromium contam

·ination has not been determined (Geraqhty & Miller, Inc., 

1977b) • 
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EXTENT OF THE PROBLEM IN THE PINELANDS 

The age of a sewer system is a major determinant of poten

tial leakage. Sewer systems over 40 years old should be con

sidered leak prone. Although most of the Pinelands is not 

sewered, there are some areas such as Hammonton, where 90 per

cent of the sewer lines are 65 years old. 

Additional factors must be considered prior to any de

tailed assessment of potential leakage, including the depth of 

the sewer line with respect to the water table, the type of 

sewer (pressure or gravity), soil characteristics, flow rates, 

and population density. In general, however, systems exceed

ing 40 years in age are a potential threat to ground-water 

quality and should be subjected to detailed investigation. 
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4.3.5 Storage Tanks 

Leaking or ruptured buried pipes and storage tanks are a 

~~reat to ground~water quality. Petroleum and petroleum prod

ucts are transported and stored in hundreds of miles of trans-

mission pipelines throughout the state, and in thousands of 

home and gasoline station tanks. Pipelines and tanks are sub-

ject to accidental rupture, external corrosion, and structural 

failure from a wide variety of causes. 

The leakage of pe~roleum and petroleum products from un-
, 

derqround pipelines and tanks is more common than is generally 

realized, particularly in the case of small commercial facili-

ties, bome heating oil tanks, and retail gasoline stations be-
-. . -

cause installation, inspection, and maintenance standards may 

be low or essentially nonexistent. 

Storage tanks often develop leaks after 5 to 20 years of 

service, and these leaks may not be readily detected because 

evaporation and other normal losses can average O.S percent 

per year of storage and effectively mask low volume leaks 

(Geraghty & Miller, Inc. , 1977c) • Over an extended period of 

time, a single tank or pipeline may leak a large vol~~e of liq

uid into the ground unnoticed. There may be substantial con

tamination beneath most storage tank facilities, but no inves

tigations are made unless there is a reported incident. If a 

leak occurs above the water table, the liquid may remain in 
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the vicinity of the leak, move within the backfilled materi~ls 

in the trench or excavation, or migrate downward through the 

soil under the influence of gravity'. The direction and rate 

of movement of liquids in the soil depends on several factors, 

including the volume of fluid, the comparative permeabilities 

of soil materials, and the density, viscosity, and miscibility 

of the liquid. A large volume of liquid may exceed the soil t s 

adsorptive capacity and may reach the water table. Moreover, 

rainfall can drive chemicals adsorbed on soil into the sat-

urated zone. 

Underground and surface tanks are widely used by commer

cial establishments and individual-residences to store gaso

line and heating oil. Th~se tanks are normally coated with a 

protective paint or corrosion-resistant bituminous material 

which, after some period of time, begins to break down. The 

installation, use, maintenance and replacement requirements 

for these tanks is not well regulated (Geraghty & Miller, Inc., 

1976) • 

Transportation pipelines are used primarily for petroleum 

products and natural gas. According to the Office of Pipeline 

Safety, o. S. Oepar~ent of Transportation (1976), the most 

common causes of pipeline failures are external corrosion, im

pacts by vehicles and equipment, and defective welds at seams 

and joints. Pipeline facilities have leak prevention programs 
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to prevent or control the escape of combustible, explosive, or 

toxic chemicals, but these p=ograms are designed to minimize 

safety hazards and do not stress the protection of ground

water quality. 

CASE HISTORIES 

An industrial firm located in Waldwick, Bergen County, 

manufactures pharmaceuticals and stores a variety of chemicals 

including acetone, N-butyl alcohol, methylene chloride, ~pi~ 

cillin liquors, and spent solvents in underground tanks. Con

tamination of nearby Allendale Brook and a fish kill at 

White's Pond which is fed by Allendale Brook, resulted in a 

site inspection by ~~e NJDEP. The inspection revealed that a 

storm sewer was discharging contaminated water into the brook; 

analysis of the water indicated an acetone concentration of 5 

mg/l. 

A subsequent investigation by the NJDEP and the U. S. En

vironmental Protection Agency showed that chemicals used in 

the firm's manufacturing process were entering a storm sewer. 

In addition, a leak was discovered in a pipe from one under

ground storage tank. Tests run on the storm sewers indicated 

no direct connection between the firm's storage tanks and near

by storm sewers, so that the chemicals had traveled via ground 

water from the leaking pipe to the storm sewer (Pollution Con

trol Monitoring, Surveillance and Enforcement Element, 1977). 
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The Village of South Orange, Essex County, obtains its wa

ter supply from two well fields tapping fractured shale and 

sandstone bedrock. In March 1977, a gasoline odor was repor

ted in water pumped from a well in the south well field and" 

the well was shut down. All of ~~e wells in the field subse

quently developed a ga~oline taste and odor and were taken out 

of service. The well field is not being used for public sup

ply purposes, but several wells are being pumped in an attempt 

to purge the aquifer of gasoline. The village is now using· 

the north well field supplemented with water purchased from 

the Commonwealth Water Company. 

The well field that was taken out of service is sur

rounded by intensive residential and commercial dev~lopment, 

including 10 gasoline stations. In April and May 1977, the 

stations pressure tested their tanks and no major leaks were 

detected. However, since the contamination is occurring at 

low concentrations, it may be caused by a slow leak which can

not be detected (Office of Special Services, 1977). 

In Sewaren, Middlesex County, ground-water contamination 

caused by gasoline and heating fuel was reported in February 

1972. At that time, vapors reached explosive levels, although 

the problem had been recurring over the previous 25 years. 

These fuels had apparently entered ~~e Farrington Sand from 

leaks in one or more of the many storage tanks and pipelines 
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in the area, or from fuel spills that occurred durinq World 

War II, and the fumes were seepinq into sewers and nearby base

ments durinq periods of high water levels. 

Hydroqeoloqic conditi~ns suqgested that the fuel could be 

escapinq from property owned by an industrial fir.m. The fir.m 

~d not admit responsibility but did provide technical serv

ices during ~~e att~~pt to remove the fuels from the aquifer. 

In July 1972, nine pumpinq wells were in operation, and by . 

October some 1,060,000 gallons of gasoline and fuel oil had 

been recovered (Geraghty & Miller, Inc., 1976). 

A refinery in Paulsboro, Gloucester County, is situated 

adjacent to the Delaware River, on the outcrop of the Potomac

Maqothy-Raritan aquifer. The refinery makes and stores fuel 

oil, gasoline, and a number of other petrochemicals. Several 

production wells screened in the Maqothy-Raritan-Potomac sys

t~~ supply some of the refinery's water, with the remainder ob

tained from the Delaware River. 

Analyses of water from three of the plant's production 

wells indicated abnormally hiqh levels of sodium, chloride, 

sulfate and iron, and a volatile organic compound, possibly 

trichloroethylene (Table 4-12). No background ground-water sam

ples were available for comparison, but wells screened in the 

same aquifer system north and south of the refinery did not 

yield similar concentrations (Geraghty & Miller, Inc., 1977c). 
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EXTENT OF THE PROBLEM IN THE PINELANDS 

The number of domestic fuel storage tanks in the Pinelands 

is not known. They are used throughout the state and have a 

wide range in age. Many tanks are not metered properly and re

ceive virtually no maintenance. 

Major storage tank facilities are required to have Federal 

and/or state permits depending upon the storage capacity of the 

site; there are approximately 4~0 permitted sites in the state. 

Table 4-13 gives the name and location of facilities operating 

with Federal permits (U.S. Environmental Protection Agency, 

1977) in the Pinelands. The type of product stored at each 

site may vary from relatively harmless liquids to toxic sub

stances. The-location, storage capacity, daily flow, and prod

uct type for storage facilities exceeding 400,000 gallons capac

ity is described in Table 4-14 (Office of Hazardous Substances 

Control, 1977b). These facilities typically store petroleum 

products. 

Approximately 13.9 million gallons are stored in these fa

cilities, and some 147,000 gallons are transferred through them 

daily. If 0.5 percent of the aggregate stored volume leaks, 

some 0.7 million gallons will be lost. The potential ground

water quality impact from leakage at these facilities is signif

icant. 



,- -Tab Ie 4- r2. Res u 1 ts of Chemi ca 1 Ana 1 yses of Wa ter Samp 1 es f rom We 11 s Assoc i ated wi th 
Storage Tank Facilities, Gloucester County, New Jersey. (Results in 
milligrams per liter wher~ applicable.) 

Refinery A Refinery B 

We 11 40 We 1 t 41 We 11 45 We 11 2 Well 6 We 11 9 

Date 2-3-77 2-3-77 2-3-77 2-3-77 2-3-77 2-3-77 

Depth. 267 280 156 1 1 15 

pH 3.8 5.4 4.3 7. 1 6.9 7.2 
Al ka 1 in i ty 0 16 2 68 58 348 
Specific Conductance 1 , 100 800 2,000 300 280 900 
Total Dissolved Solids 700 450· 1,370 H30 180 570 
Chloride 203 107 116 27 26 14 

• 

Sodium 140 100 330 39 35 12 
Potas~ium 5.7 4.3 5.8 4.8 5. 1 12 
Magnesium 13 13 19 3.9 4.8 29 
Calcium 50 55 45 25 35 85 
Su lfa te 230 160 620 30 30 25 

Nitrate nitrogen < 0.01 < 0.01 o. 19 <0.01 < O-~Ol 0.-02 
Phosphate 0.07 0.07 0.05 0.09 0.08 0.33 
Cadmi um < 0 .01 < 0.01 < O. 01 <0.01 < 0.01 < 0.01 
Chrorni urn < 0.01 < 0.01 0.01 <0.01 0.01 < 0.01 
Copper o. 17 < 0.01 0.04 <0.01 < 0.01 < 0.01 

Iron 19 17 38 1.9 2.2 11 
Hidel < 0.03 < 0.03 0.07 <0.03 < 0.03 0.28 
Lead < 0.03 < 0.03 < 0.03 <0.03 < 0.03 0.05 
Zinc 0.59 0.38 0.40 0.04 o. 15 3.2 
Cobalt 0.05 0.07 0.22 <0.01 < 0.0 1 < 0.01 

Phenol 0.03 0.03 0.06 0.05 1.7 0.04 
pca re I ated compounds < 0.001 < 0.001 < 0.001 <0.001 < 0.001 < 0.001 
Halogenated pesticides < O. 00 1 < 0.001 < 0.001 <0.001 < O. 001 < 0.001 
Heavy volatile organics < 0.02 < 0.02 < 0.02 <0.02 < 0.02 < 0.02 
Ligh~ volatile organics 0.2 0.3 0.3 <0. 1 < O. 1 < O. 1 

Reference: Geraghty & Hiller, Inc., 1977c. 



Table LJ-14 •. Major Storage Tank Facilities Within the Pinelands Area 
Complying With State SPCC Regulations. 

Storage Dai ly 
Map Capacity Throughput 
No. Name Locat ion (gallons) (gallons) Product 

Cl Atlantic City Electric 
Co. B. L. Engl and Stat ion Upper Township 12,600,000 147,000 Pet roleum 

&. Chemical 

C2 Atlantic City Electric 
Co. Middle Station Middle Township 750,000 Petroleum 

C3 Atlantic City Electric 
Co. Cedar Station Stafford Township 550,000 Petroleum 
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Table 4-13. Name and Location of Facilities Complying with Federal SPCC 
Regulations for Storage Tanks in the Pinelands 

Faci I i tv Name 

An thony Va leri 0 

Cumberland Farms Gas Station 

Fort Dix 

Holiday City at Berkeley 

Mar-Tee Contractors, Inc. 

McGu i re Air Force Base 

Meenan Oil Co. 

Noble Automotive Chemical & Oil 

Oyster Creek Nuclear Plant 

United Precasting Corp. 

U.s. Air Force 

Facility Location 

Waterford Rd., Hammonton, NJ 

Route 9. Little Egg Harbor Township, NJ 

Dept. of the Army, Fort D i x,NJ 

1433 Hooper Ave., Toms River, NJ 

Town Bank Rd., RFO H2, Cold Springs, NJ 

Headquarters 438 Air Base Group, McGuire 
. Ai r Force Base, NJ 

30 Fort Ave., New Egypt, NJ 

Cramer Road & Route 206, Vincentown, NJ 

Ocean County, NJ 

Pancoast Mill Rd., Buena, NJ 

McGuire AFB, McGuire, NJ 
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There are about 8,500 gasoline service stations distribu-

ted throughout the state (Simon, 1977). Assuming an ave~age 

on-site storage capacity of 10,000 gallons, approximately 85 

million gallons of gasoline may be stored in subsurface tanks. 

Most of these tanks are tar-coated steel, and are prone to cor

rosion. Fiber glass tanks, introduced in the early 1960's, do 

not corrode but may crack under cold temperatures or excessive 

surface loads. 
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4.3.6 Highway Deicing Practices 

The requirement for unimpeded.and safe vehicular travel 

on highways during winter conditions has led to the increased 

use of sodium and calcium chloride by state and local agencies. 

Salt spreading is a popular method of controlling roadway 

icing because of its ease of handling, efficiency, and rela

tively low cost. Both the storage and use of large volumes of 

salt have an adverse impact on surface- and ground-water qual-

ity. 

The sodium, calcium, and chloride ions in the salt are 

carried to the water table by snow melt and rainfall. Salt

contaminated water can then move through the saturated zone un-

til it is discharged into a surface-water body, or leaks into 

an adjacent aquifer. Although both sodium and chloride ions 

can move through the unsaturated and saturated zones, sodium 

ions are more readily bound in various types of soils. This 

accounts for the relatively higher ratio of chloride to sodium 

found in contaminated ground water as opposed to surface water 

that receives direct runoff (Miller, DeLuca, and Tessier, 1974) 

Salt storage piles are located throughout the state, ~~d 

in the fall, each may contain from several hundred to several 

thousand tons of salt. The low solubility of rock salt per

mits o~tside storage over relatively long periods of time with

out hard caking or noticeable loss in volume and many salt 
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piles are left uncovered on open land. Outside storage is com

mon if the salt has been mixed with sand, since covered stor

age for large volumes of material would require an expensive 

structure. 

Precipitation falling on the stockpile dissolves a por

tion of the salt and carries it into the ground water. Salt

spreading trucks are often washed out at these storage areas, 

and the resulting brine seeps into the soil and compounds the 

problem. Drainage from salt piles and wash areas is often dis

posed of in dry wells, and salty water is introduced directly 

into the ground at ~~e site (Miller, DeLuca, and Tessier, 

1974) • 

Road-salting practices and storage may lead to violations·

in permissible chloride and sodium concentrations in drinking 

water. The o. S. Public Health Service Drinking Water Stand

ards of 1962 set a maximum recommended limit of 250 mg/l for 

chloride, and medical authorities generally discourage the use 

of water containing more than 20 mg/l of sodium for certain 

patients. Other problems associated with deicing include ac

celerated metal corrosion and the addition of anti-caking and 

corrosion-inhibiting chemicals into the ground-water regi.?tte. 

CASE HISTORIES 

Long-term records of water quality in a number of munici

pal wells have shown a gradual but significant trend of in~ 
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creasing chloride concentrations in many of the glacial sand 

and gravel aquifers of northern New Jersey. Some of these 

aquifers were pumped. for decades with no indication of contam

ination until the early 1960's, when chloride concentrations 

began to increase. If the present trend continues for another 

decade, many wells will yield water that exceeds 250 mg/l of 

chloride and contains high levels of sodium (Miller, DeLuca, 

and Tessier, 1974). 

Few documented cases of ground-water contamination due-to 

salt stockpiling and use have been identified in New Jersey. 

However, one case is presently being investigated by the NJDEP. 

The Germany Flats area in Sussex County contains a buried sand 

and gravel aquifer with a good potential for ground-water sup

ply~' -There are large, partly uncovered salt stockpiles a.."ld a 

landfill belonging to the Township of Sparta situated on the 

stratified drift. A resistivity survey conducted during a re

cent water resource study of the area identified areas of pol

luted ground water. An area of low resistivity was found near 

the salt storage section and another near the landfill. The 

investigation concluded that the salt storage piles and the 

landfill are "apparently responsible for the highly mineral

ized water in the adjacent wetlands and ~~e upper parts of ~~e 

sand and gravel aquifer in that part of Germany Flats" (Harold 

E. Pellow and Associates, Inc., 1975). 

Fur-wher investigation by the NJOEP revealed excessive con-
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centrations of chloride and sodium in the ground water result

ing from leaching of the salt storage piles. The state has 

recommended that the salt piles be put on bituminous pads to 

minimize the migration of salt into the aquifer and that 

swales be constructed to contain surface runoff (Vernarn, 1978). 

EXTENT OF THE PROBLEM IN THE PINELANDS 

The impact of road deicing chemicals on ground water de~ 

·pends to a great extent on the severity of icing conditions. 

Salt spr~ading varies with location, specific icing conditions, 

and operator training, and can vary from approximately one ton 

of salt per lane mile to as many as 10 tons per lane mile dur

ing an average snowfall. The average application rate for the 

state is 4 tons per lane mile. 

The New Jersey Turnpike Authority and the state Depart

ment of Tran~portation application rates are approximately 330 

pounds per lane mile (Lewis, 1977). State agencies maintain 

adequate records of salt use and storage, and its impact can 

be estimated. Local municipalities, however, frequently do 

~ot maintain sufficient records, and the total vol~~e used can

not be determined. 

The state's storage facilities have a capacity of 70,000 

to 80,000 tons, approximately 80 percent of which is under cov

e~. The New Jersey Turnpike Authority has a number of storage 
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the use of nitrogen fertilizers may affect ground-water quality 

in the vicinity of the agricultural areas. 

Although many agricultural chemicals are highly toxic, 

their recommended application rates are very low, and they are 

generally adsorbed onto soil particles. The soil provides ef

fective removal of many agricultural chemicals and minimizes 

the 'potential ground-water contamination from these sources. 

Fertilizers applied to crops in excess amounts and/or at the 

wrong time are not utilized by the crops in the root zone, but 

may be bound in the soil itself. Onder normal use, the impact 

of most standard agricultural chemicals on ground-water quality 

is not significant, but improper application, accidental spills, 

and the haphazard disposal of residuals is a threat to ground

water quality (Office of Special Services, 1977). An assess

ment of the ground-water quality impacts of agricultural chemi

cals will require the organization and implementation of a sam

pling and analysis program on a regional scale. 



-96-

facilities with capacities ~anging from 1,000 to 4,000 tons. 

No data on storage facilities for local municipalities were ob

tained (Dunn, 1977). 

The actual impact on ground-water quality in the Pine

lands from this source cannot be determined at present. How

ever, given the road system in the Pinelands, permeable soil 

and shallow depths to water, the potential for contamination 

from this source is certainly real. 

4.3.7 Agricultural Activities 

There are approximately one million acres in agricultural 

use in New Jersey. Most agricultural activities are in the 

southern part of the state on continguous farms ranging in size 

from a few hundred to several thousand acres. Farms are general

ly located a considerable distance from major centers of ground

water development, and are usually served by individual supply 

wells. A number of agricultural activities, including horticul

ture and dairy farming, can lead to ground-water contamination 

from fertilizers, pesticides, herbicides, soil conditioners, 

and animal wastes. These chemicals are used throughout the 

state (Office of Special Services, 1977). 

There is no reliable data on the potential or actual im

pact of fertilizers or insecticides on ground-water quality in 

the state. Based on available case histories, it appears that 
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4.3.8 Water Wells 

Improperly constructed or abandoned water wells can act 

as conduits for the movement of contaminants from one aquifer 

to another, or from the land surface to an aquifer. This can 

occur when a casing has ruptured, where a well screen or an 

open borehole connects two aquifers, or where the surface cas

ing has not been adequately sealed in soil or rock (Table 4-15). 

Well construction techniques tend to vary depending on 

the type pf well installed. Cost is generally a siqnificant 

factor in the construction of domestic and agricultural wells, 

and the owner may not be willing to underwrite the cost of pro-

. tecting them from contamination. These wells a.J:'e rarely ce.'Uen

ted or sealed properly, and ponded rainwater and runoff can 

carry pollutants down the well casing into the aquifer. Good 

construction practices can minimize the chances of contamina

tion, and there are generally accepted construction procedures, 

including sterilization, grouting, and sealing, that will vir

tually eliminate construction related contamination. 

If an abandoned well is not filled with impermeable or 

low permeability materials, the open casing will provide ac

cess to the aquifer, and surface-water flooding or the deliber

ate dumping of material into the well will introduce contami

nants directly into the aquifer. The number of abandoned 

wells in the Pinelands is unknown, and the magnitude of the prob-
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Table 4-15. Examples of Conditions Under Which Water WeI Is Can Cause Ground
Water Contamination. 

Imperrect Construction 

Illegal Construction 

. 
Well Fai lure. 

Well Use 

Inadequate surface protection 
Poor or no grouting 
Well finished at or below land surface 
Open annulus around casing 

Poor location 
Split screen where prohibited by situation 
Improper abandonment or well 
Improper backfill of test holes 

Casing corrosion 
Casing electrolysis (chemical) 
Stray currents in ground 
Accidental holing or casing during construc

tion or maintenance 

Direct recharge of contaminant 
Movement or contaminants caused by pumping 
Salt-water intrusion 
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lem is difficult to estimate but it may be significant. There 

are roughly 1,000 licensed well drillers in New Jersey, but 

only about 20 of them are licensed to seal wells (Webster, 

1978) • 

Personnel from the Water Allocations Unit of the Bureau 

of Water Supply Planning and Management are supposed to be 

present when a well is sealed. This task is frequently as

signed to a local health officer who may not be familiar with 

approved well sealing techniques. In many cases, wells are 

simply abandoned by the operator without any attempt at seal

ing. The magnitude of this problem is' unknown and would re

quire a significant research effort •. 
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4.3.9 Diffusion Wells 

The temperature of natural ground water at a depth of 30 

to 60 feet normally exceeds the average annual air temperature 

by 2 or 3°F. At greater depths the temperature increases by 

approximately 1°C per 100 feet. Regional ground-water tempera

tures in New Jersey are approximately S2 to S7°P (Walton, 1970). 

The discharge of cooling waters through diffusion wells may 

raise the temperature of the natural ground water by 10 to 

40°F, and may result in thermal loading of the aquifer. 

Thermal loading of ground water has been observed in in-
.' 

dustrial areas of Long Island, New York, where large volumes 

-of heated water are returned to the aquifer (Geraghty & Miller, 

Inc., 1977d). However, no cas~ h~stories of thermal loading 

~~ve b~en. do.cunv~n,ted in the Pinelands and the number of diffu

sion wells throughout the entire state is estimated at under 

100 nJebster, 1978). 
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4.3.10 Spray Irrigation 

Spray irrigation utilizes tre~~"ent by soil processes to 

supplement the secondary treatment of domestic and/or munici

pal waste water. It is also used to dispose of certain indus

trial wastes, principally. from food processing. A number of 

facilities dispose of municipal and industrial waste water by 

spr~y irrigation, as shown on Table 4-16 (Forlini, 1978). 

The ground-water quality impacts of spray irrigation de

pend on a number of factors, including the characteristics of 

the soils underlying ~~e site, the nature of the waste water 

applied, the extent of pretreatment, and the geology and hy

drology of the site. The following examples illustrate the 

problems associated with the spray disposal of waste water on 

~~e land surface. 

CASE HISTORIES 

The East Windsor Municipal Utilities Authority presently 

spray irrigates municipal sewage trea~"ent plant effluent at a 

rate of 1.9 to 2.3 inches per day. Monitoring at the site has 

shown that the facility has not substantially degraded ground

water quality. Orthophosphate concentrations were near back

ground levels, and nitrate concentrations ranged from 2.9 to 4 

m;/l, with a backgrom1d level of 2 mg/l. The concentrations 

of copper, lead, chromium, and zinc increased by 0.05 to 0.11 



Table 4-16. Facilities Utilizing Land Disposal of Treatment Plant Effluent Operating 
in the Pinelands 

Map 
No. Name of Fac iIi ty Mun i c i pa I i ty County 

01 Crestwood ViII age #1&#2 Manchester Ocean 

02 Great Adven ture Jackson Ocean 

03 Braddock Frosted Foods Winslow Camden 

04 Owens-Corning Berl in Camden 

05 Stockton State Co 11 ege "Ga 110way At 1 ant i c 

06 Scott Paper Company Buena Vista At 1 ant i c 



Table 4·17. Results of Chemical Analyses of Water Samples From Wells at a 
Spray Irrigation Site of a Frozen Food Processing Plant in 
Camden County, New Jersey. 

We 11 2A 

Date 2-1·77 

Depth (feet) ·20 

pH 7 
Al ka lin i ty 318 
Speci~ic Conductance 530 

Total Dissolved So 1 ids 480 
Chloride 95 
Sodium 120 

Potassium 23 
Magnesium 1 1 
Calcium 75 

Sulfate 16 
Nttr~te Nitrogen 0.03 
Phosphate < 0.01 

Cadmi um < 0.01 
Chromium < 0.01 
Copper < 0.01 

Iron 130 
Nickel < 0.03 
Lead < 0.03 

Zi nc 0.14 
Cobalt < 0.01 
Phenol 0.01 

Reference: Geraghty & Miller, Inc., 1977. 

We 11 1 B 

2·'-77 

20 

6.4 
6 

1,100 

360 
60 
66 

11 
7.5 

45 

96 
10 

< 0.01 

< 0.01 
0.02 
0.01 

1.3 
< 0.03 
< 0.03 

0.33 
< 0.01 

0.01 

Effluent 

2-1-77 

10.4 
198 

1,220 

1,260 
135 
160 

26 
5.8 

200 

187 
0.05 

87 

< 0.01 
0.02 
0.04 

10 
< 0.03 

0.06 

0.53 
0.01 
0.32. 
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mg/l, and concentrations of iron and aluminum increased from 

0.14 to 6.1S mq/l, and from 0·.075 to 34 mq/l. Except for 

these increases in metal concentrations, the operation has had 

little impact on ground-water quality (Forlini, 1978). 

A frozen food processor located in Winslow Township, Cam

den County, generates waste water durinq the preparation of 

frozen fish products. Effluent from an on-site treatment 

plant is applied to two fields by spraying. The fields over-

lie the outcrop area of the Cohansey For.mation. Analyses of 

samples from two observation wells in the irrigated field and 

of the effluent prior to spraying are shown in Table 4-17. Wa-

ter from the observation wells contains levels of certain con-
-

stituents in the same order of magnitude found in the effluent 

prior to application. 

An industrial firm has disposed of untreated industrial 

waste water containing latex, acrylics, and glue wastes by 

spray irrigation for a number of years. Recently, the glue 

wastes have caused the soil underlying the site to bond togeth-

er, reducing the percolation capabilities of the soil, and in

creasing waste water ponding. In addition, one of ~~ree moni-

toring wells at the site has yielded ground water containing 

acrylics and latex (Forlini, 1978). 

An industrial firm, located in Hunterdon County, began a 

pilot spray irrigation program during 1961 and now discharges 
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about one mgd onto a 55-acre site. Water-quality data indi

cate that the soil is apparently effective in removing contami

nants from the waste water (Forlini, 1978). 

EXTENT OF THE PROBLEM IN THE PINELANDS 

Too little is ~~own about the operation of these facili

ties and monitoring activities are not sufficient to gauge the 

extent of the practice or the problem. The disposal of waste 

water on the land surface through spray irrigation does pose a 

threat to ground-water quality. 
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4.3.11 Accidental Oischarges 

Accidental spills and discharges of hazardous chemicals 

or other materials can introduce contaminants into the ground 

and degrade ground-water quality. These spills and discharges 

are caused by poor housekeeping practices at gasoline stations, 

commercial establishments, industrial facilities, and airports; 

by the illic~t dumping of waste materials; and by storage fail

ures or transportation related accidents. 

Ground-water contamination caused by poor housekeeping 

practices is characteristic of petrochemical production, trans

portation, and storage. Oil has saturated the soil at several 

refine~ies and petroleum storage areas in New Jersey, and oil 

-ponds form on the land surface when t:"le water table is high. 

Storm sewers in these areas often contain oil-laden ground wa

ter that has leaked into them. Although leakage from buried 

pipes may contribute to the problem of petrochemicals in 

gro~~d water, it is primarily caused by the long-term buildup 

of oil from accidental spillage and leakage from surface tanks 

and pipes (Miller, DeLuca, and Tessier, 1974). 

Ground-water contamination also occurs where oil and 

o~ermaterials are purposely discarded on the land surface, 

especially at gasoline stations, small commercial establish

ments and at industrial waste piles. A study of ~~e ultimate 

disposal of waste crankcase oil in Massachusetts revealed that 
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some 650,000 gallons of oil a year is spilled, dumped, or dis

carded on the ground at or near service stations throughout 

the state. Two mil~ion gallons was discarded by car dealers, 

garage owners, construction equipment operators, fleet opera

tors, and by individuals changing the oil in their personal 

automobiles (}~ur o. Little, Inc., 1969). Although industry 

disposes of most of its uncollected oil in landfills, at least 

some lubricating, hydraulic, and cutting oils are discarded on 

the ground. In many cases, s.mall quantities of oil and o~er 

liquids are discarded in open or wooded lands when it is not 

economical or is inconvenient to store the material in drums 

or haul it to municipal waste treatment plants or landfills. 

Accidental spillage ~s an inherent problem in the storage 

and transportation of fluid materials. Although it may not be 

possible to eliminate accidents, it is possible to achieve a 

reasonable measure of ground-water protection in the cle~~up 

of spills after they have taken place. Liquids spilled on 

roadways, for example, are generally flushed from ~~e road sur

face rather than removed with absorbent materials because the 

maintenance of traffic flow is considered more important than 

minimizing ground-water contamination. 

All spills and leaks pose some threat to ground-water 

quality. Although small spills may be absorbed or adsorbed in 

the unsaturated zone, large volume spills can percolate a sub

stantial quantity of fluid to the water table. Depending on 
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~~e density and miscibility of the fluid, it will tend to 

float on or mix with the ground water. Removing contaminants 

by pumpi~q is costly and is not always successful. 

Very small amounts of chemicals introduced into the soil 

may give potable water an obj ection'able taste and odor. In 

sufficiently high concentrations, the lighter fractions of pe

troleum products, liquified petroleum gas, and natural gas can 

seep into basements, excavations, tunnels, and other under

ground structures with ground water, and constitute a severe 

explosion and fire hazard. 

CASE HISTORIES 

In 1945, approximately 350,000 gallons of No.2 fuel 'oil 

spilled when a pipeline ruptured in the Town of Phillipsburg, 

Hunterdon County. The entire volume of oil migrated into the 

underlying limestone formation, and virtually none was recov

ered. A few years ago a number of production wells, owned by 

an industrial firm and located some 800 feet from the original 

spill site, became contaminated with a large volume of oil. 

The full extent of this contamination is not known (Office of 

Special Services, 1977). 

The Runyon Well Field, operated by the municipality of 

Perth Amboy, yields contaminated water. An investigation by 

the NJDEP noted that the pollution was caused, in part, by a 

ruptured sewer. Subsequent study by the NJDEP icientified 
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other sources, including ac.cidental spills of industrial p::od

ucts. The NJDEP report noted that the watershed upstream from 

the well field, particularly along ~ricketts Brook, is heavily 

industrialized, and that Pricketts Brook was contaminated by 

BOD, COD, zinc, lead, aluminum, cadmium, and iron as a result 

of surface runoff from 'the industrialized areas. Surface run-

off in this area flows directly into Tennent Pond and re

charges the Old Bridge aquifer in the Runyon Well Field 

(Geraghty & Miller, Inc., 1976). 

During August 1973, a spill of several hundred gallons of 

. methyl isobutyl ketone occurred on property owned by an .indus

trial firm in Paulsboro, Gloucester County. About one year 

later, a domestic well was contaminated with this chemical' and 
. - ---. 

some time later a spring located 435 feet from ~~e spill site 

became contaminated. After an investigation to define the ex-

tent of the pollution, the firm replaced the two contaminated 

water supplies with deep wells, and upgraded its solvent stor

age facility to reduce the possibility of future leaks or 

spills. No direct action was taken to remove the chemical in 

the aquifer because its low solubility and density would effec

tively restrict it to the upper portion of the water table, 

an~ migration to a d~eper aquifer is not likely in the area 

(Geraghty & Miller, Inc., 1977b). 

An industrial firm located in Middlesex County stored con

tainers of chlorinated hydrocarbons and organic phosphate near 



the Perth Amboy Water Com?any. Some of the drums ruptured and 

released their contents into the local surface-water systa~. 

Ground-water sampling indicated abnormally high concentrations 

of lead, chromate, and phenols of 0.069, 0.064, and 0.45 mg/l, 

respectively (Geraghty & Miller, Inc., 1976). 

EXTENT OF THE PROBLEM IN THE PINELANDS 

Documented spills as filed by the New Jersey Office of Haz

ardous Substances Control for t~e years 1976 through 1979 are 

given in Tables 4-18 through 4-21. During these years, a total 

of 41 spills were recorded. Products spilled were crude oil, 

diesel fuel, gasoline, lube oil, asphalt, acids, paint, ink, 

herbicides, pesticides, benzene, coal tar, solvents, and uniden

tified chemicals. Total spill volume in the 4-year period was 

about 60,000 gallons, however, as indicated, the exact amounts 

spilled are often unknown. 

The locations of the spills are shown on Plate 16. Many 

spills could not be located precisely due to the insufficient 

records kept by the state. In many cases, only the municipali

ty is given and it is possible that some of the spills listed 

actually fall outside the Pinelands protected area. 

The inventory provided is not complete because many spills 

are not reported. Most small petroleum product spills have lo

cal water quality impacts only. However, large spills, espe

cially of hazardous chemicals, such as chlorinated hydrocarbons, 



Table ~-18. Documented Spills In the Plnelands Region - 1976. 

Hun I ci pa II ty 

Cape Hay County 

leesburg 

Cumberland County 

Source 

leesburg State 
Pri son 

D&O Auto Oody 

Product Amount 

1/6 fuel all 2,800 gals. 

12 fuel all 200 ga Is. 

Case »0.* 

76-11-27-

2215 N. De lsea 
Drive. Vineland 

Mays landing Rd. 
(Broad S t. ) • 
Vineland 

Major Petroleum /12 fue I all 100-150 gals. 76-7-9-

Ocean County 

New Egypt. Plum
stead,Ocean Co. 

Rt. 526. Jackson 
Township, Ocean Co. 

Union, Ocean Co. 

little Egg Harbor 
Township 

Meenan 011 Co. 

Sunoco Service 
Station 

Cumberland Farms 
Service Station 

12 fuel all 

011 or che~
leal waste, s 

gasoline 

gasoline \ 

I ,500-1 .800 

3,850 gals. 

50 gals. 

50- 100 ga Is. 

*As filed by the Office of Hazardous Substances Control 

76-)-1-

76-5-24-

76-2-4-

76-12-23 

Remarks 

" 

Overfill of under-' 
ground tank 

truck acci dent 

Storage leak 
(above ground) 

Deliberate dumping 



Table 4-19. Documented Spills In the Plnelands 'Region - 1977. 

Municipal I ty 

A t I an tic Coun ty 

Mays landing 

Mays landing 

ttanvnonton 

tlallVllOnton 
Hammonton 

Burlington County 

Pemberton 

Cumberland County 

Mill ville 
Vineland 

Gloucester County 

Newfield 
Newfield 

Newfield 

Ocean County 

Toms River 
Waretown 

Source 

unknown 

unknown 

A.Berenato 
011 

Nugent Bros. 
Agway petroleum 

Conn. fuel 011 

Denton Trucking 
Vineland labs. 

Harshall Services 
Paplawno Peter 
Uaullng .. 

tto II day C lty 
Sunoco Station 

, 

Product 
! I 

herbicides, 
Ink.Palnt. 
acids 

waste 
chemicals 

gasoline 

Var chemical 
/J2 fuel 011 

Crude 

Diesel fuel 
malathion 

lindane 
K-hydroxlde 

lube oil 
#2 fuel 011 

o II and gaso
line 

#2 fuel 011 
gasoline 

. Amount 

55 gal.drums 

55 ga 1. drums 

5-60 gals. 

150 ga Is. + 
10 ga Is. 

5.000 gals. 

70 gals. 
50 
12 

2,000 Ibs. 

50 gals. 
unknown 

unknown 

7.500 gals. 
50-100 ga Is. 

Case·No.· 

77-2-9-

77-1-30-

77-11-8-3&2 
77-1-10-

77- 11-29-2 

77-11-17-2 

77-12-13-6 
77-11-28-5 

77-9-12-4 

77-7-29-4 
77-6-20-

Remarks 

Illegal dumping 

Illegal dumping 

Illegal dumping 

truck accident 



Table 4-20. Documented Spills In the Plnelands Region - 1978 

Municipality 

Atlantic County 

Hamil ton 
Hamil ton 
little Egg Harbor 

Brlgant Ine 

Burlington County 

Woodland 

tit. laurel 

Ocean County 

Toms River 
Toms River 
Jackson 
Jackson 

Source 

Wingate Apt. 
AAA Trucking 
So. Jersey 
Asphalt 

Arco Gas Sta. 

Product 

011 
paint 
asphalt 

gasoline 

lockhart Sand waste 011 
& Gravel 

Ray's Farm pesticides 
Market 

Sunoco Gas Sta. gasoline 
Finley 011 Co. 82 fuel 011 
unknown Ink 
unknown chemicals 

Amount 

7,000 gals. 
400 gals. 

1,000 gals. 

4,000 gals. 

1,000 gals. 

300 gals. 

7.000 gals. 
60 gals. 
33 _bb Is. 
25 bbJs. 

*as filed by the Office of Hazardous Substances Control 

Case No.)" 

78-8-16-2 
78-8-18-1 
78-6-15-1 

78-4-10-4 

78-6-30-5 

78-~-28-1 

78-12-18-3 
78-3-29-3 
78-8-14-6 
78-5-2-2 

Remarks 

truck accident 
dumping 

tank leak 

tank leak 

Illegal dumping 
Illegal dumping 
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Table ~-21. Docun~nted Spills In the Plnelands Region - 1919 

H')n I cI pa I I ty 

Atlantic County 

Hami Iton 
Hamil ton 
little Egg Harbor 

Burlington County 

Wrightstown 

Camden County 

Winslow 
Winslow 

Ocean County 

Toms River 

Toms River 

Jackson 

Jackson 

Source 

Gropps lake 
Bayer Aspirin 
unknown 

U.S. Army ft. 
Dlx 

unknown 
Johns Manville 

Holiday City 
Apts. 

Rob.E.Sons 
Trucking 

unknown 

Hr. WI I khams 

Product 

organl cs 
benzine 
gasoline 

011 

chemicals 
phenol form
aldehyde &. 
amonla 
sulfate 

Amount 

35 acres 
unknown 
200 ga Is. 

I J 500 ga Is. 

unknown 
2,500 ga Is. 

#2 fuel 011 unknown 

coal tar 1,500 gals. 

mixed chem- 1,200 gals. 
Icals 

solvent unknown 
waste 

Has filed by the Office of Ifazardous Substances Control 

Case No.* 

19-5-25-4 
19-1-8-3 
19-1-26-9 

19-10-23-4 

19-3-20-5 
19-10-4-3 

19-11-6-3 

19-10-19-8 

19-6-21-3 

19-3-5-4 

Remarks 

dam failure 
dumping 

unknown I and f I II 

Truck accident 

drums 

dumping 



if entering the deeper gro"und-water flow system could have a 

serious regional water quality impact. 

4.3.12 Sand and Gravel Operations . 

An inventory of sand and gravel operations (Table 4-22) 

was made from records obtained from the New Jersey State Bureau 

of· Geology-Topography. This inventory is not complete as rec-
. 

ords of these mining operations are still in the compilation 

stage. 

Locations of sand and gravel pits were mapped using coor

"dinates found on state records and by inspection of New Jersey 

Topographic Atlas maps at a scale of l-inch to the mile. This 

survey was augmented by examination of USGS Topographic maps on 

a scale of l-inch is 2,000 feet. 

These topographic maps show the areal extent of sand and 

gravel operations as they ex isted at the year the map was is

sued. In most areas, the sand and gravel mining operations 

were mapped in 1971 or 1972, but maps of portions of the west

central Pinelands reflect conditions of 1950's or 1960·s. 

Throughout most of the Pinelands region, sand and gravel 

operations are widely isolated, however, in a few areas such 

operations are highly concentrated and present a considerable 
I 

alteration of the land surface. In one such area adjacent to 

the Manumuskin River between Manantico and Leesburg, more than 



T~ble ~-22. Inventory of Sand and Gravel Pits In the PJn~l&nds. 

No. Name 

ATLANTIC CO. 

A-I 
A-2 
A-3 
A-It 
A-5 

Arawak Paving 
Arawak Paving 
Mays Landing Sand & Gravel Co. 
James Monfredo 
Jessie S. Morle 

BURLINGTON CO. 

BU-I 
BU-2 
BU-3 
BU-It 
BU-5 

CAMDEN CO. 

CA-I 
CA-2 
CA-3 
CA-It 

Clayton Sand Co~ 
Lockhart Sand & Gravel 
Continental Sand & Gravel 

unknown 
unknown 

Dun-Rite Sand & Gravel 
Jesse S. Morl e 
Jesse S. Marl e 
George Pettlnos 

CAPE MAY CO. 

CM-I Cape Concrete 
CM-2 Earthwork Assoc. 
CM-3 Lentine Sand & Gravel 
CM-It Tuckahoe Sand & Gravel 
CM-5 Albre~ht & Heun Inc. 
CM-6 Hollis Caldwell 
CM-7 George Dramls 
CM-8 Earthwork Assoc. 

.. 

Location I) 

Hamil ton Twp. 
ltanmonton 
Collings Lake 
Pomona 
Buena Vista 

32-13-633 
32-12-525 
32-11-311 
32-13-633 
32-II-It25 

Turnersvl I Ie 
\~Ins low 
Winslow 
Williamstown Junction 

South Dennis 
Marmora 
Seaville 
Tuckahoe 
Denn I s v I I Ie 
Petersburg 
S. Seaville 
Dennisville 

1) Township or New Jersey topographic grid coordinates 
.:. __ !:In known. 
* Estimated from USGS topographic maps 

Acres 

8 

375 
50 

660 

35* 
10* 
10* 

75 
95 

50 
"5 
30 

1200 
32 
85 
20 

·80 

Tons/Yr. 

10.000 

200.000i 
5".000 
85.000 

516.800 
150.000 

9.000 

100.000 
50.000 
25.000 

350.000 
5.000 

3.500 
50.000 



Table 4-22. lnventory of Sand and Gravel Pits In the Plnelands (continued).' 

No. Name location Acres Tons/Yr. 

CUMBERLAND CO. 

CU-I Whitehead Bros. Port Elizabeth 200 65,000 
CU-2 Whitehead Bros. Maurice River Twp. 1500 130,000 
CU-3 Hays landing Sand & Gravel Co. Dorchester 200 200,000 

CU-" George Pettlnos, Inc. Manumuskln 

OCEAN CO. 

OC-I lentlne Materials 32-2"-361 
OC-2 Pineland Haterlals 32-2"- 391 
OC-3 Johnson Sand & Gravel 32-25-114 35* 
OC-" Francis H. Moon 32-2"-332 30* 
OC-5 N.J. Pulverizing Co. 33-02~882 ) 

300* 
oc-6 Fischer Bros. 33-02-881 ) 

OC-7 Ralph Clayton &Son 33-21-672 35~ 
oc-8 Bay Construction Co. 33-31-"85 
OC-9 Bob Kalsch Construction 33-31-2"" 60* 

OC-IO Parker Construction 33-12-175 25~ 

OC-II Parker Construction 33-11-228 
OC-12 Parker Construction 33-11-156 70* 
OC-13 Harri s Bros. 33-11-3'15 
OC-I" French Contracting Co. 33- J 1-257 
OC-15 Brick Wall Corp. 33-11-129 
OC-16 Francis Tenner, Jr. 33-21-669 10* 
OC-17 Gravatt Sand & Gravel 33-11-15" 110* 
OC-18 Peter Arlauckas Gravel 29-33-42] 
OC-19 Ralph Clayton and Son 29-31-951 
OC-20 Ralph Clayton and Son 29-"1-238 
OC-21 Clayton Sand Co. 29-"1-118 300* 
OC-22 Storola Sand & Gravel 29-"1-253 ., 

OC-23 Brick Wall Corp. 29-"1-616 120* 

-~--. ~~- .. -~--- - .... .... ... . -. 
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a dozen large sand and gravel operations exist. Dredging and 

removal of sand has created large lakes, some measuring 1,000 

and 2,000 square feet. Some operations cover an area of 0.5 to 

1 square mile. 

The impact on ground-water resources is primarily that of 

aquifer mining or removal, resulting in the exposure of the wa

ter table to possible contamination. Most sandpit operations 

are not drained or otherwise connected to a surface-water body. 

If this were the case, considerable surface-water pollution 

from suspended solids might take place. 

Creation of lakes might be a favorable factor in view of 

wildlife and bird habitats and recreation. One prime problem 

w.ith_sand and. gravel operations is the disturbance of the land 

surface and the resulting unaesthetic visual impact. 

In the Lakehurst area, several very large (up to 1 square 

mile) sand and gravel operations exist. The impact of these 

operations on water quality cannot be assessed at this time. 

It should be noted that abandoned sand and gravel pits have· 

very frequently been converted to waste dumps and landfilloper

ations. This is very poor practice as the wastes are deposited 

either directly in the water table or a short distance above, 

so that contaminants can enter directly into the aquifer. 



5.0 COl~ARISONS OF HYDROGEOLOGICAL CONDITIONS OF THE 

PINELANDS WITH THOSE OF LONG ISLAND, NEW YORK 

-111-

The Pinelands National Reserve ground-water system is es

sentially undeveloped. In order to assess the impact of future 

development in the Pine lands on the aquifer system one can 

study the case histories of development in other regions of the 

Coastal Plain in a similar hydrogeologic environment. 

Long Island with a land area of about 1,400 square miles 

occupies a large detached segment of the Atlantic Coastal Plain. 

It is one of the most studied ground 'water areas in the nation 

and consequently hydrogeologic conditions are known to a high 

degree. The subsurface geology is quite similar to that of the 

Pine1ands with a wedge-shaped mass of unconsolidated sedimenta

ry deposits that attain a maximum thickness of about 2,000 feet. 

These deposits are divided into six major stratigraphic units 

that differ in age, mineral composition, and hydraulic proper

ties, namely, from oldest to youngest, (1) Lloyd Sand, member 

of the Raritan Formation, (2) Clay member of the Raritan Forma

tion, (3) Magothy Formation, (4) Jameco Gravel, (5) Gardiners 
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Clay, and (6) Glacial deposits (Figure 5-l). The Lloyd Sand, 

about 300 feet thick, is the basal aquifer and the overlying 

clay member acts as a leaky confining bed. Above these units 

is the Magothy Formation, consisting of interbedded layers of 

sand, silts, and clay with a maximum thickness of about 1,000 

feet. 

The Jameco Gravel and Gardiners Clay are localized units 

present along the north and south shores of the island. Overly

ing the r1agothy, Jameco Gravel, and Gardiners Clay is a highly 

permeable sand and gravel outwash deposited during the glacial 

period. Table 5-1 lists the major hydraulic units on Long Is

land. 

A detailed comparison of the hydrologic units beneath Long 

Island and the Pinelands reveals some strong similarities. The 

glacial outwash deposits of Long Island range in thickness from 

less than 50 feet in northwest Kings and central Queens Coun

ties and along the south shore of Nassau and western Suffolk 

Counties, to as much as 500 feet in buried valleys along the 

north shore of Nassau County. Generally speaking, the thick

ness of this unit ranges between 100 and 250 feet (McClymonds 

and Franke, 1972). 

In the Pinelands, the thickness of the Cohansey aquifer, 

which is the surficial aquifer as are the glacial outwash depos

its on Long Island, ranges ·from a few feet along its outcrop 



Table 5-1. Major Hydrogeologic Units on Long Island, New York 

Hydro
geologic 

Uni t 

Uppe r g 1 ac i a 1 
aqui fer. 

Ga rd i ners Clay. 

Jameco aqu i fer. 

Magothy aqui fer. 

Ra r i tan clay. 

t.loyd aqu i fer 

Approximate 
maximum 

th i ckness 
( feet) 

400 

• 1 SO 

200 

1,000 

300 

300 

Oescr i pt ion 

Mainly sand and gravel; some thin 
beds of clayey material. 

Clay, silty clay, and a little fine 
sand. 

Mainly medium to coarse sand. 

Mainly very fine sand, silt, and 
cl ay; some coa rse to fi ne sand; 
locally contains gravel. 

Clay; some silt and fine sand. 

Sand and gravel; some clayey material. 

Bedrock Crystal tine rock of very low inter
stitial hydraulic conduc~jvity. 

Reference: U.S. Geological Survey, 1972 
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edge in the northwest part of the Pinelands to over 300 feet 

along the coast. Generally speaking, its thickness ranges from 

100 to 200 feet (see Plate 1). 

The sand content of the Cohansey aquifer ranges from 60 to 

90 percent and averages 80 percent (see Plate 2). Although a 

sand content map for the glacial outwash deposits on Long Is

land i's not available, based on published information, well 

logs, and Geraghty & Miller, Inc.'s experience on Long Island, 

it is believed that the sand content here is very similar to 

that of the Cohansey, possibly slightly greater. 

The permeability of the two units is also quite similar 

with values for the glacial outwash ranging from slightly less 

than 1,000 gpd/ft2 to over 2,000 gpd/ft2 (McClymonds and Franke, 

1972). The permeability values are also fairly consistent over 

large areas with a general increase observed from the south and 

north shores of the island to its central part. Permeability 

values of the Cohansey aquifer range from 400 to 3,000 gpd/ft2 

with values bet't-leen 1,000 and 1,200 gpd/ft2 common throughout 

much of the aquifer (Rhodehamel, 1973). Generally, the permea-

bility of this unit is very consistent over wide areas • 

. The Cohansey aquifer, as discussed in this report, in

cludes the Cohansey Formation overlying Pleistocene deposits 

as well as the underlying upper sandy portion of the Kirkwood 

Formation. Because the Pleistocene deposits and upper sandy 
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Kirkwood are in direct hydraulic connection with the Cohansey 

Formation and form one hydraulic unit, these upper Kirkwood 

sands are considered part of the Cohansey aquifer. Similarly, 

in many places on Long Island, the upper Magothy is sandy, in 

direct hydraulic connection with the overlying glacial outwash 

deposits, and considered to be one aquifer. 

Xs is the case in the Pinelands, recharge to the ground

water system on Long Island is entirely from precipitation. 

The average annual precipitation on Long Island and in the Pine

lands is about 45 inches. Under natural conditions in both 

areas, about half of the average annual precipitation (or ap

proximately 1 mgd per square mile) percolates down" to the water 

table. Except for about 6 to 10 percent that runs off into 

streams, the remainder on the land surface returns to the atmos

phere by evaporation and transpiration. 

The depth of the water table below the land surface on 

Long Island generally ranges from a few feet near the shore to 

about 250 feet in the irregular hilly northe~ region. In most 

of central Nassau and Suffolk Counties, the water table is at a 

depth of about SO feet below land surface. In the Pinelands 

depth to water ranges from a few feet near the shore to as much 

as SO feet and generally is 10 feet or less (Plate 17). Most 

of the infiltrated water on Long Island moves through the gla

cial deposits and discharges into streams or bodies of salt wa

ter bordering the island similarly to ground-water movement in 



the Cohansey aquifer. The remaining ground water moves further 

downward into the Magothy Formation and through the Raritan 

Clay into the Lloyd Sand. From the deep aquifers the ground wa

ter then moves laterally to the Atlantic Ocean and Long Island 

Sound. The general movement of fresh water is indicated by ar

rows in Figure 5-1. This illustration also shows the approxi

mate time required for water to move from the water -table to 

various points within the regional flow system. Plate 6 shows 

a similar flow system for the Pinelands. From the above discus

sion it is apparent that the Cohansey aquifer beneath the Pine

lands is very similar to the glacial outwash deposits and upper 

Magothy on Long Island, and that development in the Pinelands 

similar to that of Long Island may result in the same water 

quality problems. Below the history of development on Long Is

land is briefly discussed. 

Urbanization of Long Island has proceeded at a rapid rate. 

From a predominantely agricultural economy in the 1930's, west

ern and central Long Island (Nassau and Suffolk Counties) are 

now predominantely residential, commercial, or industrial. 

Farms and woodland have given way to housing developments, of

fice buildings, and parking lots. 

Ground-water development on Long Island has followed a dis

tinct pattern. During the rural land phase, water was obtained 

from on-site wells tapping the shallow glacial deposits. The 

bulk of the water was returned to the aquifer through individu-
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ally owned cesspools. 

After development, at first drinking water was obtained 

from large capacity public supply wells tapping the glacial de

posits, but later, when the quality of water in the shallow 

aquifer deteriorated, supply wells tapped the deeper Magothy 

aquifer. This deterioration of the shallow aquifer occurred be

cause of disposal of waste water from hundreds of thousands of 

cesspools and septic tanks, from agricultural fertilizers, and 

industrial waste discharges. 

Sewer systems either have been or are being installed in 

Nassau and Suffolk Counties to prevent further waste discharge 

to the shallow aquifer but it is unlikely that the shallow aqui

fer will ever be used for drinking water again. 

In recent years, several Magothy supply wells have been 

closed due to the presence of certain organic chemicals in con

centrations above USEPA drinking water limits. This indicates 

that pollutants are traveling downward with the ground water to 

deeper aquifer zones. 

The 208 Study of Nassau and Suffolk Counties, completed in 

1977, identified numerous ground-water pollutant sources among 

which are: 

• Cesspools, septic tanks, and leaching fields. About 1.7 mil

lion people reside in unsewered areas; an estimated 120 mgd 

of sewage is returned to the ground. 
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• Industrial waste water. About 2.1 rngd is discharged to the 

ground; sources include coin-operated laundries and car 

washes, metal processing firms, and bottling plants. 

• Storm-water basins. About 2,000 unlined recharge basins col-

lect storm water runoff and pollutants from streets and high-

ways. 

• Landfills. There are 40 major active and non-active solid 

waste land disposal sites. Leachate generation is relative-

ly high, and in theory, about 4 million gallons per year for 

each 10 acres of landfill. Leachate generation in Suffolk 

County is estimated at 320 million gallons per year. 

• Highway deicing. About 80 percent of salt pollution is 

caused by improper storage practices and the remainder by im-

proper spreading techniques. Salt use in Nassau County aver-

ages 32,500 tons per year. This salt is used on 9,000 lane 

miles of road. 

• Fertilizers and pesticides. There is increasing evidence 

for support of the association between fertilizer use and ni-

trate in ground water. Lawn fertilizers appear to be as sig

nificant a source of nitrogen as discharges from septic 

tanks. 

• Gas stations. There are 2,600 service stations and many 

case histories of ground-water contamination from leaky stor-

age tanks. 
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• Airborne pollution. The atmosphere and precipitation con

tain appreciable amounts of ground-water contaminants. Mo

tor vehicle emission amounts to 4,000 tons per day of carbon 

monoxide, 800 tons of hydrocarbons, and 740 tons of nitrogen 

oxides. Average sulfate content in rain water is 3.6 mg/li 

total nitrogen 1.36 mg/l; sodium 1.89 mg/l; and chloride 

3.22 mg/l. 

• Diffusion wells. About 20 mgd of cooling water obtained 

from wells is returned to the aquifer through 500 diffusion 

wells as a conservative measure. Thermal loading from re

turn of heated water has been observed in some industrial 

areas. 

On Long Island, the quantity and quality of ground water 

has been studied extensively for over 50 years. Nitrate has 

been used as an indicator of water quality because of the avail

ability of historical data and because nitrate is associated 

with almost all waste disposal practices on the island. The re

sults of these water quality studies can be summarized as fol

lows: 

1. In the 1972-76 period, median nitrate-nitrogen concen

tration exceeded 8 mg/l in water from 28 of 212 upper glacial 

wells. Wells yielding high nitrate water are widely distribu

ted. The distribution of nitrate in Nassau County, 1966-70, is 

shown on Figure 5-2. 



-119-

2. Streams recharged by shallow ground water, discharge 

water with elevated concentrations of nitrate. However, in 

most of the shallow aquifers, nitrate concentrations are below 

the 10 mg/l drinking water standards. 

3. There is some evidence that sewering has caused or is 

causing a decrease in nitrate levels in shallow ground water. 

4. Nitrate levels in the Magothy aquifer appear to be in

creasing. 

s. Heavy metals (below the USEPA Interim Primary Drinking 

Water Standards) are widespread in shallow ground water and oc

cur in some Magothy wells. 

As indicated above, the quality of Long Island's ground wa

ter has been modified by water supply development changes and 

waste disposal practices. Water removed from the aquifers has 

been used and returned to the ground-water reservoirs in vary

ing degrees of chemical alterations from its original state. 

These practices have resulted in progressive deterioration of 

ground-water quality starting with the shallow ground water and 

proceeding to the deeper aquifer zones. Sufficient ground wa

ter is available to supply the projected population increase 

and quantity does not represent a serious constraint over the 

long term. Water quality degradation appears to be the prin

cipal constraint on future water development availability. 
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The Pinelands Commission is in the enviable position to 

safe9uard the hydrogeologic system on the New Jersey Coastal 

Plain by controlling water supply and waste disposal activities, 

thus avoiding the ground-water quality problems that plague 

Long Island. No re9ional ground-water deterioration has as yet 

been documented in the Pinelands, however, local contamination 

from landfill leachate is known to occur. Uncontrolled growth 

in the Pinelands re9ion could create similar problems as now ex

ist in Long Island. For example, widespread waste disposal in 

the Cohansey aquifer could eventually cause regional water qual

ity deterioration which might necessitate tapping the deeper 

Kirkwood and eventually the Magothy-Raritan water-bearing zones. 

As pointed out previously, the hydrogeoloqic systems of the 

Pinelands re9ion and Long Island are sufficiently identical to 

make this a distinct possibility. 
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~.O GENERAL ~~ OSE - WATER QUALITY RELATIONSHIPS 

The development of the Pinelands area will force resource 

planners to confront a number of ground-water management issues 

that are strongly related to population density and the likely 

activities associated with land uses, economic activities, and 

the requirements for increased physical infrastructure. These 

activities will impact ground-water quality and perhaps quanti

ty in the Pinelands. The exact nature and extent of the im

pacts will not and cannot be known in an a priori fashion, how

ever, it can be forecasted and extrapolated from similar experi

ences elsewhere. 

Resource planners in the Pinelands are confronted with a 

suite of potential demands on the area's ground-water resources. 

The planner may have reasonably good information on the individ

ual and aggregate impacts of current demands on the quality and 

quantity of the area's resources. However, the planner also 

faces a relatively unknown suite of future demands which he 

must attempt to accommodate -- he does not know their magnitude, 
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or his planning horizon with any certainty. If the planner 

knew this horizon, a steady state ground-water regime he could 

theoretically manage his resources through the horizon. In re

ality, however, the planning horizon continually recedes, and 

the planner must therefore manage the resource to assure that 

the ground-water resource will be adequate for an indeterminate 

period. 

In terms of protecting the ground-water resource, the 

planner's problems are compounded because there are no general

ly useful leading indicators which can warn of impending im

pacts within a sufficient breathing space for remedial action 

and, once land uses and their support infrastructure are devel

oped in the Pinelands, it will be very difficult to walk away 

from massive public and private investments. 

6.1 Ground-Water Quality Issues Related to Land Use 

in the Pinelands 

The following major issues will become significant as the 

Pinelands develops from rural to suburban to urban. 

• How many people can live and work in an area without causing 

ground-water quality problems? 

• How can the Pinelands forecast "acceptable" damage to its 

ground-water resources? 

• Are there useful leading indicators which will show ground-
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water impacts early enough so that remedial action is possi

ble? 

• Should portions of the Pinelands area be "written off" from 

a ground-water quality standpoint? 

• If ground-water quality is now impaired in portions of the 

Pi~e1ands, should specific land uses be assigned to these 

areas, especially where the activities are desirable for 

their employment or value added contributions to the area 

economy? 

• What is natural "background" ground-water quality in the 

Pinelands? (Except for information on the shallow water

table aquifer in certain areas, the natural g~ound-water 

quality is not known with sufficient confidence to support 

major future looking planning decisions which imply land-use 

impacts on the ground-water system.) 

• What are the anticipated ground-water impacts from large lot 

zoning vs. cluster development? (Large lots may preclude 

cost-effective sewering and may increase the required infra

structure. ) 
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6.2 Ground-Water Quality Deterioration: 

Long Island Experience 

The ground-water quality impacts experienced on Long Is

land are strongly related to increased land development and the 

activities that accompany increased population growth. The 

Long Island experience hints at the future situation in the 

Pinelands if their growth paths are similar. 

There are many sources of ground-water contamination in de

veloped portions of Nassau and Suffolk Counties including storm 

water runoff, residential subsurface disposal systems, sewerage 

treatment plants, industrial pits, ponds, lagoons, landfills, 

golf courses, and agricultural uses. These land uses may also 

. characterize the Pinelands after a period of unchecked popula

tion and economic growth. Major contaminants from these vari

ous sources of contamination include nitrate, chloride, metals, 

and organics. The eXisting water-quality data demonstrate that 

ground-water quality impacts are associated with development, 

particularly where storm water is recharged back into the 

ground water, and where industrial storage and disposal activi

ties occur in aquifer outcrops and recharge areas. 

Once contamination of ground water occurs, abatement is 

very difficult. Moreover, the impacts generally cannot be 

known until the problem is extensive and remedial measures may 

not be possible. Precipitation recharged into Long Island's 
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Glacial and Magothy aquifers eventually discharges into surface 

rivers, bays or the ocean, although the storage time in the 

aquifers may vary from days to hundreds of years. If contami

nants enter the ground water where the time of storage for dis

charge is very long, those contaminants may remain in the 

ground-water system for long periods of time. Although ground 

water can be treated at the well head, this is very expensive. 

The aquifers of Nassau and Suffolk Counties, in particular 

the Glacial and Magothy aquifers, are the sole source of drink

ing water. Because significant degradation of those ground wa

ters has already occurred and will continue to occur from exist

ing sources of pollution, protection of existing high quality 

ground waters which are not subject to significant degradation 

from existing point and non-point sources of pollution is essen

tial in terms of long-term ground-water quality management. In 

addition, because of the range and complexity of sources of con

tamination, control of land uses in major recharge areas for ex

isting high quality ground water is an appropriate management 

strategy for Long Island and for the Pinelands area. 

6.3 Ground-Water Contamination - Land Use and 

the Sunport Infrastructure 

There are a number of current and potential sources of 

ground-water contamination related to land-use patterns in the 

Pinelands. In general, they relate to activities associated 
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with the use and the physical infrastructure necessary to sup-

port the use. These sources can be divided into four catego

ries (see Table 6-1). The first two categories represent dis

charges of contaminants that are derived from solid and liquid 

wastes. The third category concerns discharges of contaminants 

that are not wastes, and the fourth category are not discharges 

at all. 

6.3.1 Domestic On-Site Waste Disposal Systems 

Cesspools, septic tanks, and leaching fields are a major 

source of ground-water contamination. In on-site disposal sys-

tams, bacterial action digests the solid materials, and the liq

uid effluent is discharged to the ground. In theory, filtra

tion by earth materials provides additional treatment so that 

the liquid is relatively clean when it arrives at the water ta

ble. However, many constituents carried by the effluent are in-

troduced to the ground-water system. Those which present the 

greatest threat to ground-water quality are excessive concentra-

tions of nitrate, organic chemicals, detergents, metals, bac-

teria, and viruses. Other constituents include halogenated hy

drocarbons, chloroform, carbon tetrachloride, trichloroethylene 

and other industrial degreasers, solvents and plasticizers. 

These compounds regularly occur in discharges from households. 

Many products co~on in the home, such as fabric and rug clean

ers, workshop cleaners and solvents, and solutions to clean 

pipes find their way into on-site disposal systems. Septic 



Table 6-1. 

CLASSIFICATION OF SOURCES AND CAUSES OF GROUND WATER 
CONTAMINATION USED IN DETERMINING t.iVeL AND TYPE OF CONTROl. 

~t890ry , 
Systems. facilities 

• Of SOUI'Cft desiqned 
to discilatlJe wasu 
Of waft wners to 
the land and ground 
W1Itlf'S. 

Comestic: OrHite 
wate discosal 
systems 

Sewage treatment 
~Iant etfluent 

Industrial W1Ine 
discharges 

Storm water basin 
recharge 

Incinerator quench 
water 

Ciffusion wetls 

Scavenger waSte 
diSl'osal 

~egory II 
SYftams, facilities, 
or sources not 
SQeCifically desi9ned 
to discharge wastes 
or W1Iste waters to the 
rand and ground 
W8t1f'S. 

Sanitary sewers 

l.andfiils 

Animal wastes 

CMneteries 

~tllJory III 
Systems, facilities, 
or sources which 
may Cliscnarge or 
cauM a discharge ot 
contaminants that are 
not wastes to the land 
and ground wlters. 

Highwav deicing and 
$illt storage 

Fertilizers and 
~esticides 

Product storagr· 
tanks and pipelines 

SQills and incidental 
discharges 

Sand and gravel mining 

Reference: Nassau-Suffolk Regional Planning Soard, 1978 

~tll9Ory IV 
~u ... ot ground 
water contamin
ation which .. ra 
not d ischarv8S. 

Airtlorne 
pollution 

Water well can· 
stl'Uction and 
acandonment 

Salt water 
intl'Ustion 



tank cleaners are composed almost entirely of active ingredi

ents which are frequently halogenated hydrocarbons, and one com

mon cesspool cleaner contains more than 99 percent trichloro

ethylene. 

6.3.2 Sanitary Sewers 

Should population densities in the Pinelands exceed permea

ble limits for individual on-site waste disposal systems, it 

will be necessary to provide community or regional sewage treat

ment systems. Sanitary sewers frequently leak, and depending 

on the type of sewer and its altitude relative to the water ta

ble, ground water can infiltrate or sewage can exfiltrate. The· 

contamination is from domestic sewage, plus constituents in in

dustrial effluent discharged to sewers. 

Permissible maxL~um infiltration rates are usually written 

into sewer specifications and commonly vary from 200 to 500 qpd 

per mile per inch of pipe diameter. Where ground-water pollu

tion is of concern, exfiltration rates may also be specified. 

Exfiltration may increase over the years as loading cracks 

pipes and as chemical action deteriorates the joints. Exfiltra

tion may also increase if the ground-water level was originally 

above the sewer, but has declined to a point below the sewer. 

With present materials and construction techniques, a 50-

year sewer life is a minimum design estimate. However, a 100-

year service life may be a more reasonable estimate. If old 
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systems are infiltrating additional water where the pipes are 

below the water table, it is reasonable to assume they will 

also exfiltrate additional sewage where the pipes are above the 

water table. 

6.3.3 Storm Water Runoff and Recharge 

As development occurs in the Pinelands, permeable soil 

areas will be replaced by impermeable roofs and paved areas. 

Storm water cannot seep into these surfaces, so it accomulates 

and runs off. 

Catch basins are commonly used to control runoff and may 

account for a significant part of recharge. The basins are al

so sources of contamination. InflO-w-into-the· basins is a com

bination of precipitation plus constituents that are dissolved 

and suspended by the water as it runs over the ground. Typical 

sources of contaminants are fertilizers, pesticides, deicing 

salts, organic debris, grease and road oil, rubber, asphaltic 

materials, hydrocarbons, animal feces, and food wastes. Many 

of the contaminants are not biodegradable and persist in ground 

water. 

As part of a program of storm water runoff and ground

water sampling at two recharge basins along the Long Island Ex

pressway, the Suffolk County Department of Environmental Con

trol detected significant intermitent concentrations of heavy 

metals (e.g., zinc and lead) and total organic carbon (TOe) in 
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discrete samples of storm water runoff during the storm events. 

Chloride and zinc were observed in elevated concentrations in 

the ground water samples obtained from wells located in the two 

recharge basins receiving storm runoff from the Expressway. 

6.3.4 Landfills 

As the population of the Pinelands is allowed to grow, the 

problem of solid waste disposal will assume even greater impor

tance. Landfills receive a wide range of waste materials in

cluding paper products, food wastes, septic tank sludge, con

struction debris, tires, autos, leaves, pl~stics, glass, chemi

cals, textiles, cans, oils and hydrocarbons, street and build

ing sweepings, dead animals, and waste water and water treat

ment sludges. Significant pollutants in landfill leachate are 

BOD, COD, iron, chloride, ammonia, heavy metals, and organic 

chemicals (Table 6-2). 

Abstracting from experience elsewhere, it is virtually im

possible to assure that a landfill will not leach contaminants 

to the ground-water system over the long term. Moreover, as 

landfill related ground-water contamination is a hydrogeologi

cal problem compounded by technical difficulties, it cannot be 

assured that regulations will be sufficient to eliminate possi

ble ground-water contamination. 



Tab 1 e 6-2. 

LEACHAT!CHARACTER~CS FROM MUNICIPAL SOLJD WAST!S 

ICoMtftuella liNn ill JIIIIU per milion. wMre .... icIb ... 

CoftItituliftt MediMV.lue 

AlkalinitY (C.C03~ 3.050 
Biochemical Oxygen Oemand (5 days) 5.100 

C.lciutn (C.) 438 
Chemical Oxygen Oemand (COO) 8.100 

~(Cu~ 0.5 
Chloride (CSl 700 

Hardness (C.C03) 2.150 
JD:!n. Tou. (F •• 94' 
" ' 

'LA'ad (PUt 0.75 
Magnesium (Mg) ~O 

Mangan ... (Mn. 0.22 
Nitrogen (NH4' 218 

Potassium (I(J 311 
Sodium (N •• 767 

Sujfate (S04J 47 
Total Oissolved Solids (TCSJ 8,955 

Total ~sPended Solids (TSSJ 220 
Tota' Phospnattl (P04' 10.1 

Zinc (ZIt) 3.5 
pH 5.8 

Reference: Nassau-Suffo1 k Reg i ona 1 ,Pl ann i n9 Board, 1978 
I 

Ra ..... 01111 Valu .. 

0 - 20.850 
81 - 33..360 

60 - '7.200 
40 - 89.520 

0 9.9 
4.7 2.500 

0 - 22.800 
0 2.S2Q 

<0.1 2.0 
11 15.600 

O.oe - 125 
0 1.106 

28 3.770 
0 7.100 

1 1.558 
584 - 44.900 

10 26.500 
a 130 

0 370 
3.1 8.S 
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6.3.5 Hiahwav Deicina < < 

The application of deicing chemicals to highway surfaces 

can cause ground-water contamination. The salt melts snow and 

ice, and the resulting solution of brine, combined with other 

pavement contamination, runs off the impermeable road surface 

and most of it either seeps directly into the ground or is di-

verted to a stor.m-water recharge basin. 

Contamination can also take place around salt storage 

piles if they are not adequately protected. Rain falls on the 

pile, dissolves the salt and runs onto the ground. About 80 

percent of all deicing salt pollution is caused by improper 

storage practices and the remainder by improper spreading tech-

niques (U.S. Salt Institute, 1976). 

6.3.6 Product Storage Tanks and Pipelines 

A number of potential contaminants are or will be stored 

in surface and subsurface tanks in the Pinelands and are trans-

mitted in pipelines. ~~ong the most frequently stored fluids 

are liquid petroleum products; gases (liquefied and gaseous) , 

and industrial chemicals. 

A major ground-water contamination threat is posed by liq-

uid petroleum products stored in tanks and transmitted through 

pipelines. Three types of petroleum products are common. Gaso

line service stations store· various grades of gasoline in sub-
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surface storage tanks with capacities of 2,000 to 12,000 gal

lons. Many individual homes and businesses store heating oil 

below ground or at the surface. Oil depots store one or more 

grades of fuel oil in surface tanks of various sizes. 

6.4 Land Use and Organics Contamination 

The Nassau-Suffolk Long Island 208 program included a 

study designed to determine in a general way whether or not or

ganic cha~cals in domestic wastes or runoff would preclude 

treated sewage recharge.. Early in the sampling effort it be

came clear that every ground-water sample analyzed showed organ

ics contamination. 

Over one-third of the 60 shallow glacial wells tested were 

significantly contaminated by volatiles and by methylene chlo

ride extractables. One-fifth of the wells contained organic 

contaminants at the 50 ppb level (the level currently in use as 

the threshold for health risks from potentially carcinogenic or

ganics). The sample size was sufficiently large to indicate 

that significant levels of organic contaminants occur in Long 

Island's shallow aquifer. This contamination is probably a di

rect result of population related activities and land uses. 

Tables 6-3 through 6-11 represent the Long Island experi

ence. It is reasonable to believe that this experience will be 

repeated in the Pinelands area as a direct result of increased 

population density, economic activities, and the physical infra-



,abig 6-3. 
SUMMARY STATISTICS_NONVOLATII.! ORGANIC COMPOUNOS 

Compounds dltected It; Numb" of NumOtr ot Number of 
> 10 /JOII for It Ilast Station. Stations Stations. 

onl station > 1 J.II/I >10 IJ;/I >SOJjt;J/1 

methyl naOhtnalene 45 2 t 

dimethyl naghthalene 37 3 0 
dibutVl Phthalate 34 20 a 
oetYl phenols 27 4 1 

.C4 benzene 20 4 0 
di-tertoOutyl phthalate 20 Ei 2 
phthalate (composition undetermined) 19 2 1 
naphthalene 19 3 0 
phthalate d"ivltivl (composition 14 0 
undetermined) 

dibutoxy...moxy-ethyl methane 13 4 1 
phthalate compound (composition 8 1 0 
undetenninedl 
ICInaphthene Ei 1 0 
C'S alkane a 2 0 
C28 alkane 6 1 1 
ttj..t-butVl orthoformate 6 1 0 
diethyl benzene 5 2 0 
2. 3 dimethyl naohthalene 4 0 
thymol 3 1 0 
cyclohexane 3 2 
o,m xylenes 2 , 
Isopropyl benzene 2 1 
C2Q alkane 2 '0 

trimmyl hexanoic acid 0 

Table 6-4. 

SUMMARY STATISTICS-VOLATILE ORGANIC COMPOUNDS 

No. stationl No. stationl 
No. scations No. station. oc:urrift9 oc:urrift9 

Comf'Qund masured· detected • > 10 J.II/I o >5Q SJ;II 

trichloroethylene 78 62 (79%) 35 (44%) 15 (19%1 

chloroform 44 34 (75%) 20 (45%) 4 (9%) 

1, " 1 trichloroethane 78 57 (7:3%) 2S (32%) 6 (8%) 

cartlon tetrach lorida 78 28 (36%) 1 (1%) 0 

tetrach loroethy'ene 78 23 (29%) 10113%) 5 (6%) 

dibromochloromethane ·78 15 (19%1 0 0 

" 1 dic:hloroetnane 44 5 (11") 3 17%) 0 

bromodichloromerhane 78 a (10%) 3 14%) 1 (1%) 

freon.l1 44 4 (9%) 0 0 

" 1 dichloroethylene 44 4 19%) 0 0 

, • 2 dichloroathane 44 :3 (7%) 0 0 

bromoform 78 5 (6%) (1%) 0 

1 chloroproQane 44 (2%) (2%) 0 

• Only rcsulr: from samples JDW 41 co QA 2S have blletf con!idtwttd quantitatively 
'1IIil1blefo, PU'POW$ 01 rhis IUmmlllY. 

Reference: Nassau-Suffolk Regional Planning Board, 1978 
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Table 6-5. 

SUMMARY OF VOLATILE ORGANIC SAMPLING 
OF NASSAU COUNTY MUNICIPAL WATER SUPPLIES 

number o' number o' number 0' 
IiImples Ampl .. sampla. 

Organic observed al observe ... , . obsorved a. 
Compound.IHl21 ~lOJJo/I13) 2'50JJg/ICJ) C.OOJ.III/I(3) 

" .. 2 Irichioroolliylilne 26 1 2 
I, I. I lIlehloloothane 16 7 4 
chlorolonn " 0 
tetract\loroethyillne 1 6 4 

1. 2 dichlolOethylene 6 0 0 

benzene 3 I 0 

toluene 2 0 0 
bromotJichloromethano 1 0 0 

vinyl chlor ide 0 0 0 
If illuol 01 r !chloroethana 0 0 0 

cal bon telfachloride 0 0 0 
mClhyhu\d chloride 0 0 0 
elhvl ether 0 0 0 

, All sJlI/ples weT. col/ect.d b.tween Jun. '975 and May '971. 

2Samples W.,tl analyZtld by lIariou./ab. u.ing a lIarlety 01 analytical mtlthodl. 

3 nlt1 total numbllr 01 sampl •• i.303; nOI.1I compound. were anlllyztld lor In.1I 
$.lmple" 

ference: Nassau-Suffolk Regional Planning Board, 1978 

Table 6-6. 
~I : 

SUMMARY OF VOLATILE ORUANIC SAMI'UNG 
0' 

OF SUFfOLK COUNTY MUNICIPAL WATER SUrPLIES 

No.o' No.o' No. o' To.al 
Sampla. Sample. S"mples No.o' 

Olllanic Obsorv~ Observad Oluervell Sample, 
Compound,IU(2) ., :?101Jg/I 3) .t :?50~/I(Ja •• ~ lOOpg/I(31 Analyud 

1. I, 2 trichloroethylene 46 29 19 125 

I, I, 1 trichloroethane 41 16 1 121 
teuachloroethylene 18 3 I 122 

chlorolrom 8 2 123 

cal bon tetrachloride .. 0 0 105 

1.2 dlchloroethylene 2 0 0 30 
.oluene 0 0 48 

benzene 0 0 49 
vinyl chloride 0 0 0 29 
trlchiorotrilloroe,hane 0 0 0 45 
bromodlchloromethane 0 0 0 62 

dlchloromethane 0 0 0 1 

chlorodibromomelhane 0 0 0 1 

I Samples were collecled belween february 1916 and January 1978. 

2Ana1YI8J were done by lh. 'ollowlng laba: NYSHO, Sionv Brook; NYSUO, 
Albany; EPA. Ada, Ok ••. ; New Yo,k Industrial Tenlng lab; EPA, Edl50n. N. J. 



Tab Ie 6"7. 

NASSAU COUNTY OEPARTMENT OF HEALTH 
CONSUMER PRODUCTS SURVEY (by G.neric c.egoryl 

Housahold ClunRtS 

Drain Clanen 

TOilet Clanen 

Uundty Soil and Stlin Removers 

~ Removen and Claning Fluids 

H.nd Clanen 

Meta. Polish .. 

Cesspoo. Claners , 

Claning SolventS 

Paint and Lacquer Thinnen 

Paint and Varnish Rernoven, 
Ceglossen -

Paint Brush Cleaners 

Oegree.rs for Engines and Metals· 

Engine Flushes 

Radiator Flushes 

Antifreeze 

Auto Transmission. 
Ctankca. Additives 

Cat W""es 

Cat Waxes. Palishes 

Bug Ind Tar Removers 

erg.nc Cbemicll Inqredien1:S L.isted 

Petroleum distillatn. glvcol ethers. 
xylene Is, isopropenol 

1. 1. 1 Trichloroethane 

Chlorinated phenols. xvlene SUlfonat .. 

Petroleum distillate •• 
mradlloroemylene 

Petroleum hydroClrbonl. b~en., 
trichloroethylene. 1 , 1 • 1 trichloroethane 

Petroleum distillates. benzaldehyde 

Pftroleum distillates. petrOleUm naptha, 
isopropenol 

Tetrachloroethylene. methylene chloride. 
dichlorol:lenZene . 

Pure strength benzene. aeftone. trio 
d1lotOfttlylene 

Benzene. toluene. 1Cft0ne. butYl acetate, 
methyl keton.. . 

MethyleM chloride. toluene. leftone. 
xyleM,ethanol. memanol 

Aliphatic hydtOCl~ns. toluene. 
leetOne, methyl ethyl ketones, meth· 
anol, glvcol ethers 

Chlorinated hvdrocarConl. dichloro
perchloroethylene. toluene. !:)henols 

Petroleum solvents. alcohols. glycol 
ether 

Petroleum solvents. ketones. glYCOl 
ethers 

Petroleum distillates. butanOl 

Ethylene glycol. methanol 

Petroleum distillates. xylene 

Alkyl benzene sulfonates 

Petroleum distillates. alionatic 
hvdroClrbons 

Petroleum distillatn. xvlene 

'erence: Nassau .. Suffo1k Regional Planning Board, 1978 



B.and Nama Product U"9a 

Ca. bona Spray SPOt Spot Remover 
Remover 

Dall (Kocataht Scalp Condilioner 

J·in·1 Plastic Wood Wood Filler 

fleclo Vala,hana Spray Palnl 

Sa ... e Strip Paint Removar 

Oil( (2 ,vpes) Paint Removel 

Rock Mlraele Pelnl Romove, 

Formula A Palna Remove, 

The Remover Paint Remove, 

Amalon Sealer 

CilbOll Tree tieale,'I'.lnl 

Nanke. Lacquer Thinner 

Harmel SprilV Enamel I'limer 

Harmel Spray Enamel Black 

Miniwal( Polvurethane Soaler 

Weldwood Woodllfe Wood Presltrvatlve 

LS Liquid Sandpaper Liqu kl SandlnQ 

Zil) Slrlp Palnl Remol/el 

tJeddy Grallial Remol/er 

Wcldwood Spray 'N' Glue 

Aha Solvenl 

Shout Stain Removel-

fabsprav VinVI Paint 
ColonJlrav 

Lacquer Thin"ei Paint Thillner 

Woo,Jlile Wood Preservative 

LV 501 Disinlectalll 

W;lIlIe, OJ!Grea~cr Auto OCfI. ea',llI 

La,,·o Shl'clI £ IIlIin"s 

TatJl6 6-8. 

NASSAU COUNTY DEPARTMENT OF tiEAL Tli 
CONSUMER PRODUCTS SURVEY (bV Brand Nama.-

Compound Brand Nama 

Methylene chloride Onho' 

',all Splav', 
Tar 011 

G,umbacher 
Toluene 

Choke 
Toluene'Xylene Dralnt 
Me,hylena chloride 

Snap 
Toluena, Methvlene 

Wllrner chlo,lde 

Methylene chloride 
Zinll Seml·Pa .. a 

Methvlene chloride 

Methvlene chlo,lda Red Devil 

C,eoiDte 011 Red Devil 

CrcoiDte oil 

Toluene Five Sla, 

Methylene chloride Bendlte 

Vinvlaoluene sove 
alkdresin carbon black Rusl·Oleum 

Toluene dillocvananae Bernlomallc 

Penaachlorophenols Double sealed 

X vlene naphaha Rich 

Methylene chlolide Black Jack 

MelhVI~na chlollde Empire 

Melhvlene chlorld. Umbrella 

Trichloroethylene NYBCO Silver Touch 

Tellachloroelhvtaoe NY8CO Silver Touch 

Toluene KH2 Spot Liller 

Baldwin 

Tolullne Gumoul 

Penlachlorophenol STP 

XVluno" H" SuperliJaer Coal 

Melhvlenll chlorkJe 

I, 1,2 Trichlnroethvlune 
Imperiol Wonder Pasle 

~eference; Nassau-Suffolk Regional Planning Board, 1978 

r,oduct Usaga Compound 

Pruning Aspha" 

InsacII Xvlena 

Retouch Varnish Methvlena chloride 

Choke Cleaner Melhylene chloride 

Cellflool Cleanel Petroleum diuiilale 

Choke Cleaner Xylene 

Choke/PVC Cleaner T oluena, Methvlene 
chloride 

Paint Remover Toluene, Methvlene 
chloride 

81ush Cleaner Benzene 

?alntNarnish Remover Benzene, Methvlene 
chloride 

lacquer·Thlnner Toluene 

EpOkY Primer Halogenaled Aromalic 
HvdtOcariJon 

Spray Rust Prevemative T oluenlt, X vlene 

Flal Tire Fhle. Toluene 

Lacquer Thinner Toluene 

Liquid Rool Coating Adle$los lih.e 

Plastic Asbe$los CemoOl Adleslos .ihre 

A5beSlol Cemenl Ashestos'iUre 

Water Plooling Aromalic Itvdlocarhonl 

Silver SpraV Enamel Toluene 

Wea Look Eoamel Tolucne 

Spot Remover Chlorinaled hvdmca.bons 

lacquer Thinner Toluene 

Choke Cleaner Xylenes 

Cillhul.tor Cleaner . Xylenci 

Odor & DUll Rumoving IIl'XIiChlor(l,.hen" 
Air F liter Adhesive '01 

Washohlu fillers 

Paint Remover Methvlene chlorid.: 



Table 6-8. (continued) 

Brand Name' Produe= U.,. C4m~nd 

TM~ Paint and Finish Remover Methylene Cl"Iloride 

Wefdwcod MultiQUl'1'CIsa Cement Toluene 
Floor Cem","' 

Weldwood Waterproof c.ment Toluene 
Cement 

Asphalt AsbestOS Roof CoatiJ19 Asbestos 
Fibre Root Plastic 

Empin Asbestos c.ment Cement Asbestos 

Asphalt Asbestos Roof Root CoatiJ19 Asbestos 
Fix Roof Coati"9 

Oigest Sewage Grasa and Trichlorobenzane 
Waste Solvent 

Silco Creosote Oil Wood Sealer Asbestos 
Compound 

3·jn.l Plastic Wood Solvent Solvent Toluene 

Ouro Liqu id Solder Metal Repair Cement Toluene 

·Th.- produt:tt were id.ntilied in ~ 011. d~ $II,.,.., of :upermarkflu and hardwa,. 
1tO/'ft by the NaAfI County O~rrment of Haith. 

IReference: Nassau-Suffolk Regional Planning Board, 1978 



Table 6-9. , 

CESSPOOL CLEANERS ANO DRAIN OPENERS useD IN NASSAUCOUNT¥: SUMMARY OF KNOWN INGReDIENTS AND SALES INfORMATION 

Br .. ndNam. 

Action DIIII/easer 

Ce~s·flo 

D/ainl 

Orainz 
Super StranOlh 
Concentrate 

Hercules Wham 
EPA Reg. No. 7687·2 

The Un"u"e" 
li1luid Cleaner fur 
SCI II ic T all~1 & 
CC$~punls 

Clou·Ouuer 

D,aIlO Aerosol 
PlullUtlr 

GI.unorllllc Dlilin 
rUWI!r 

K jldllln Or aHO 

ManulaClur.r 

Action Chemicah, Inc. 
BrooklVlI, N. Y. 

Pe'lua Industries, Inc:. 
Mana,lollua Park, N. Y. 

Jan·Cvn Manulacluren 
166 Oval Or Iv. 
Cemra' hlip, N. Y. 11722 

Jan·Cvn Manu'ac:tu.en 
165 Oval Drive 
Cenual hlip, N. Y. 11722 

Hercu'ftl Chemical Corp. 
New YOlk, N. Y. 10011 

CUlllal'lIdustrllls, Inc. 
190 Jonv Drive 
Ca/haadt. N. J. 01012 

AClkUl CI"!lnicals. loe. 
Oluukivn, N. Y. 

Thll O,ackllll Company 
5020 SllIillo G,ove Ave. 
Cil";i .. ,,at i. Oil io 

G'amorllllU PI ollucl Corp. 
11'5 [lltin AOilll 
Clifton, N. J. 01014 

Tlttl U .. It;I<ull COlll,'ilnV 
60 .. 0 5,.,i1l0 Grolltl Avu. 
CIIlt;jllll.lli, dlliu ,15232 

Inglldi.nts 

Peuoleum Oillillatel 
Ortbodlchlorobenzen. 

Pe"oleum Olslillalea 

Methvl.n. Cbloride-l6% 
I, I, l·T.lchloroethane-ll% 
Aliphatlc/A.omotlc: F.actlons-36% 

Similar to "Dralnz" 

Orlhodlcblo.obenzllnll-80% 
l"ell-20% 

Sulvent Blend 

Pduoluum Disalllliel 

Utilizes pressure to open drain 

Ulililes pressure 10 open drain 
I, I, 1 .. T richloroeahane 
Ch'oroUuoroCiJ.bon prop.Uant 
oil of peppar"ler'ume 

I, I, I·Trichlorpelhane-16% 
Paraffinic; 011-25% 

Reference: Nassau-Suffolk Regional Planning 8oard~ 1918 

Sourc.o' Inlormatlon 

Product Lab., 

Produc:t Lebe' 

laboralorv Allalvsil 

Product label 

Per manufacturer's representallve 

Product labe' 

Por manufaclurllr'srll,lresentalivlI 

Por manulaclurer', rll,lrll,cntalivc 

Gallonl SOld , 
Yearlv" ::' 

'. , 
2,210 

... 
650 

21,165 

4,100 

2,600 
(mlgu. eulmalet 

2,330 

210 

3,200 

3,040 

2,210 



Table 6-10. 

ESTIMA TES OF CSSSPOOL C1.eANER SALES IN NASSAU COUNTY 
(by ~1fftic:aU 

Methylene Chloride 
1.1.1·Trictlloroetnlne 
Onhcdlctllorobenzlne 
Oth ... Aromatic and Halogenated Compounds 

Petroleum Olstillates 

Gland Tota. 

Reference: Nassau-Suffolk Regional Planning Board, 1978 

Quamity 
(G.UonsIY ..,1 

17.400 
18,600 

3,300 
17.600 

56.900 

10.600 

67,500 



t 
f .... 

P,inaen 

EleC:lrlcal & 
fleCllonic 
P,owcn 

Mechanical & 
EnQlne Repall 

Tool & Machine 

Con ",mllr 
P,odu!=u 

Chemical 
f,oducts 

Misc. 
Manu'aclurOIl 

AI:IOS{Hlce 

O'V CIIl.IIl'!U 
U: IIlIilpolalell) 

TO'ill, 

Reference: 

93 

63 

60 

88 

65 

15 

80 

400 

845 

Table 6-11. 

INDUSTRIAL ORGANIC CHEMICAL USAGE IN NASSAU COUNTY: STATUS AS Of NOVEMBER 1971 
COaUoni/Year. 

~ 

~l :1 ~~ 
.. # o· 

~l ~ &tl ~It ~ j' ~ 
~ ·l ,,0 ~ I if s 

.... ~ ... ~I ,l ·1 
-t'b ./ .~ 

A..4; 

1 " ! ,t:~ IIJ 
'2~ if ./ ·1 J' ..... 

,4; ~ ,,~ ..... 

C211-219. 1,824 114 660 990 312 312 65,349 120 215 

1361-365. 10.502 16,161 10 3,800 '.626 60,000 19.416 19.366 60 242.332 2.120 2.440 

1353-371- 3,482 2,245 626 612! 135 135 22.375 102 
313) 

i 
1345.346 24.882 14,804 8 6.400 3.430 1,160 1.100 5.000 2.100 10.861 2,600 85 
356,359. 

1386,365. 14,636 34 11.000 1.162 2.340 205 65 150 68,151 1,890 59 
395,209, 
229.239, 
264. 

1281·289. 409.560 5,400 170 3,080 166,000 234.910 21,600 19,000 2,600 291.110 4,910 

1399. 1l,982 8,092 65 885 4,190 780 86,230 15,955 10.215 111,010 11.380 3,210 

13121- 125,010 103,850 21.220 1.230 1.230 60.610 23,315 
3161) 

13128) 

350.000 350,000 

1,013.838 149,638 461 374,160 198.181 290.192 136,228 119,618 16.415 996,114 63,111 6,069 

Nassau-Suffolk Regional Planning Board, 1978 

,. 

;j' 
. I 

~ 

.1 
~ 

20 64.934 

2,220 7,412 227.540 

360 26 21.807 

6,530 62.642 

66.802 

4,500 288,360 

220 4,823 151,431 

3,000 19,100 16,Il6 

10,300 36,911 888,651 



structure required to service the population's demands for 

goods and services. 

6.5 Population Density and Nitrate 

Contamination of Ground Water 

-132-

The Nassau-Suffolk Regional Planning Board 208 program con

tained a statistical analysis of nitrate nitrogen concentra

tions in public supply wells. These wells were grouped accord

ing to Nassau-Suffolk Regional Planning Board's land use (densi

ty data) maps and time series data were analyzed by regression 

techniques. It is reasonable to expect that this pattern may 

be repeated in the Pi~elands as a result of increased popula

tion density and reliance on individual septic systems. 

Population density, ground water nitrate-nitrogen concen-

trations, and the percentage of violations of the state (New 

York) drinking water standard can be compared to relate popula

tion density to percent violations (Figures 6-1, 6-2, and 6-3) • 

The statistical analysis relating population densities to varia-

tion in ground-water concentrations, as specified by percentage 

violation of the standards may be justified as a planning tool 

in the absence of statistically valid alternatives. 



POPUI.ATION DENSITIES AND THE AVERAGE OF THE MEDIAN 
NITRATE·NITROGEN CONCENTRATIONS IN WATER FROM WEL1.S 

ScREENED IN THE UPttER Gt.ACtAI. AQUIFER IN AREAS WITHOUT seWERS 

Grid CM' No. PenonsiGrolS Acr. Av .... V- Mediiln- IMw'1I 

2 1.5 2.5 
55 l.~ 6.6 
66 0.9 1..9 
71 1.5 1.5 
81 9.S 19.0 
82 4.2 3.1 
84 0.7 1.5 

104 4.4 2..3 
10$ 10..9 9.6 
119 1.S S.o 
120 6.l 9.8 
123 11.9 2..3--
133 1.3 1.2 
140 12.3 13.0 
154 2.1 3.2 
157 16.6 8.4 
174 8.5 7.5 

O_ell Awenc,. 5.a 5.8 

·Medillns/uud on obMfWrions mild. during 1912-16 from 27 wells. 

z • • • 10 U 

MEAN CONCENTRATION OF INORGANIC NITROGEN (MG/~I 

Fi gure 6-1. Relationship 8etwftn Mean Groundwater NirrogfJft Concen. 
trations and ~rr:tmrile Values. 

\ a .. +,.,.enc:e: Nassau-Suffolk R ... "tnn::al J)hnnin" Beard. 1978 
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\ 

NITRAT!-NITROGEN CONC!NTRATIONS IN W!LLS IN GRID C!1.1.123 
(L .... irt_l 

Well 01$)1" No. of M .. n Standard L~st Veat 01 
No. (ft.) Observ. (MoIU Deviation o bsenat ion 

2581 55-81 12 15.62 11.14 1965 
2403 59-84 12 15.02 3.95 1965 
7702 25-28 8 0.99 1.23 1968 
2402 164-2Q5 20 7.33 3.23 1968 
7703 6 3.32 3.49 1970 
7698 23-26 13 0.60 0.93 1972 
7699 27-30 14 0.89 1.80 1972 
7696 28-31 14 5.64 1.57. 1972 
7701 8 1.24 1.02 1972 
7700 9 2.17 1.28 1972 
7687 26-29 14 1.7S .91 1972 

130 5.02 5025 

Il-

• sa 

11 

10 

... 9 
-' 

" ~ • -
Z 

7 

-< -Q 
6 

1M 
:a: $ 

1M 
~ " -< 
II: 
1M l > 
-< 2 

~ .. 
2 • 6 • 10 14 16 

PrRSQNS P!R GROSS ACRE 

Fi gure 6-2. Population Density and Relatl!d Nitrate-Nitrogen ConC4n
muons in Underlying Groundwater. 

Reference: Nassau-Suffolk Regional Planning Board, 1978 



RELATlONSHIP BE'TWEEN PERCENT VIOLAnONS 
OF THE 10""" STANDARD FOR DRINKING WAnR. 

MEAN GROUNDWATER NITRAn CONCeNTRATIONS 
AND POPULATION OeNSlTlES 

P .... .,iolftioM _n c:oncentn1ions population densities 

mv/I penonr/9roll acre 

-c 
C 
III 

200 

110 

160 

14Q. 

120 

100 

~ 80 

'" C 
IJ 
C , 
." 60 a 
~ -

1~ 6.0 

~ 7.1 

30% 73 

"0% 8.7 
50% 1Q.3 

POPULATION CA, 

FERTILIZER cel 

PRECIPtTAT'ON 

PETS 

TOTAl. 

4 

(e, 

(0 ) 

( Ii! , 

6 • 10 

PERSONS PER GROSS ACRE 

6.7 
8.6 
9.8 

11..2 
1:1.7 

12 16 

Fi gure 6- 3. Relationships SetwfltH1 Population Densiry and Nirrogen 
l.oading: to Groundwater from Maior Pollurion SQurces. 

~eference: Nassau-Suffolk Regional .Planning Board, 1978 



6.6 The Ground-Water Quality M.anagement Strategy 

of the Long Island 208 Plan is a Leading 

Indicator of ~he Potential Ground-Water 

Impacts That May Occur in the Pinelands 
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In recognition 6f basic principles of ground-water quality 

management, existing ground-water conditions, surface-water 

quality objectives, and present and projected water supply 

needs for the area, the Long Island 208 plan divided Nassau and 

Suffolk Counties into eight wate"r quality or hydrogeologic mari

agement zones. Each zone has a different set of ground- or 

surface-water quality conditions at the present time. Three of 

these zones are considered to be deep recharge zones. Precipi

tation or waste waters which are introduced through these zones 

generally tend to flow deep into the Glacial and/or Magothy 

aquifers and remain in the ground water for long periods of 

time. As the hydrogeological regime of the Pinelands is suffi

ciently similar to Long Island, it is reasonable to expect that 

similar patterns of ground-water use and impact can occur with 

development. 

Nassau-Suffolk Zone II has experienced serious ground

water quality problems in shallow and deep aquifer systems. 

This zone is highly developed and is being sewered. In addi

tion, efforts are being made to control industrial and other 

sources of organic chemicals. Zone III is an area that still 

has good quality ground water in both the shallow and deep aqui-
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fer systems. Much of Zone. III consists of low density land 

uses. Because much of the ground water in Zone III is of high 

quality, and a good portion of the zone is relatively undevel

oped, the 208 Plan recognized the non-structural controls on 

land-use development would be the best means of protecting the 

quality of the ground water over a long period of time. 

T?e Plan recommends that sewering be done where densities 

exceed one or more dwelling units per acre. In terms of non

structural recommendations, it proposes that land-use control 

be the primary method for protecting the ground-water resource, 

'at least where more intensive development has not already oc

curred. Large lot developments, two-acre zoning or greater, 

are recommended. The general concept is to provide for a densi-

ty development which is sufficiently low..~hat there will be lit

tle or no degradation of ground-water quality. The same non-

degradation philosophy is applied to landfills. The 208 Plan 

recommends that the establishment of new landfills and the ex-

pansion of existing ones would be prohibited, and that existing 

landfills will be upgraded where possible to min~ize further 

ground-water contamination. The Plan recognizes that it may be 

too late to establish a non-degradation policy for certain 

areas even though they contribute significant recharge to the 

ground-water system. 

The Plan's "sewering standard" differs for the different 
-. 

water management zones. In some of the zones, such as Zones I, 



-135-
. "", . ; ~. . ... .. . .. '-" 

IV, and V, sewering is recommended where development occurs at 

densities greater than half an acre, i.e., three dwelling units 

per acre or more. In effect, this means that sewering is recom-

mended where the existing or allowed development would eventual

ly lead to nitrate concentrations of 6 ppm or greater in the 

ground water. However, since the 208 Plan recommends sewering 

in' Zo~e III, where densities of one or more dwelling units per 

acre occur, the effective "sewering standard" is approximately 

3 mg/l. 

Although residential development based on one-half acre , 

"lots may generally result in nitrate concentrations of less 

than 10 ppm (the USEPA drinking water standard) in" the ground 

water, deterioration of the ground water from very low nitrate 

concentrations of 6 to 10 ppm is not fully consistent with a 

non-degradation policy. 

Although the USEPA drinking water regulations contain a 

standard for nitrate of 10 ppm, there are many reasons justify

ing adoption of a non-degradation standard. If land develop-

ment in an area becomes more intensive, agencies r.esponsible 

for protecting ground-water quality gradually lose control of 

the ability to prevent degradation. As development occurs, 

many potential sources of contamination begin to appear, and 

virtually every land use related activity can have an effect on 

ground-water quality. Furthermore, it is practically impossi

ble to remove contaminants and go from a situation of degraded 
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ground-water quality to high ground-water quality. Thus, if fu

ture public health risks are to be avoided, prevention of sig

nificant degradation is a reasonable course to pursue even if 

existing evidence suggests that specific USEPA drinking water 

regulations will not be viol'ated by land-use activities or popu

lation densities which are presently proposed. 

6.7 Limiting Population Density to Protect 

Ground-Water Resources 

Although the Pinelands area may contain sufficient ground-

,water resources to satisfy projected future needs, parts of the 

reservoir may be effectively eliminated because the ground wa

ter will not meet drinking water standards. Ground water in 

these areas cannot be used as a potable supply because certain 

constituents, such as nitrate, exceed the maximum concentra

tions established by public health agencies. 

Should this problem occur in the Pinelands it will proba

bly be related to land use and population density. The more 

people living in a given area, the greater the contaminant load

ing will be to the ground water. There is an effective limit 

to the volume of wastes that can be assimilated by the ground

water system before it cannot be used without well head treat

ment. 

In the 1950's, Long Island's water supply managers recog

nized that there was a relationship between population density 
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and nitrate contamination and embarked upon two plans of action 

to alleviate the problem. The first was to remove the waste by 

the use of sewers and sewage-treatment plants. The second was 

to try and determine exactly what population density had to be 

exceeded before the ground water became contaminated. 

By the time Nassau County officials knew what had to be 

done ~o protect their drinking water supplies, a significant 

portion of the shallow aquifer was contaminated. This aquifer 

receives wastes percolating downw~rd from the land surface. 

Most water supply wells were initially installed in this unit 

because it was the easiest to reach and pump from, and water 

quality was very good. As this aquifer became' polluted, wells 

were deepened into the underlying Magothy aquifer. This was a 

short-term solution because water that moves from the surface 

to the deep aquifer will pass through the contaminated shallow 

aquifer and carry contamination into the Magothy. This has oc

curred because the deeper Magothy wells created artificial gra

dients and actually induced contaminated water to move from the 

shallow to the deeper deposits. 

Nassau County has been the "laboratory" where most of the 

ground water related information on Long Island has originated. 

Since it was developed to a very high density before Suffolk 

County, urbanization related problems became evident, and it 

provides an ~xample of what may happen in similar urbanizing 

areas, such as Suffolk County and the New Jersey Pinelands. 
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Sewering in Nassau County is an attempt to remove a major 

source of nitrate pollution. Recent studies by the OSGS have 

shown that this will take decades at a minimum for the shallow

er deposits, and centuries for the deeper zones because ground 

water moves very slowly, only 1 to 2 feet per day. 

The second method that has been tried to avert this prob

lem has been an attempt to limit the number of people living in 

a certain area. But this has not been successful because re

cent studies have not been able to determine the maximum popula

tion density an area can sustain before the nitrate in the 

ground water exceeds the standards. Early estimates put the 

density at one dwelling unit per acre, but recent evidence 

seems to suggest that two dwelling units per acre (half-acre 

zoning) will not cause nitrate contamination to occur 90 per

cent of the time (Porter, 1977). 

Organic wastes from residential and industrial activity 

have now been recognized as a much greater threat to ground

water quality. Organic chemicals reach the ground water as a 

result of the use, transportation, storage and disposal of chem

icals and chemical products. The Nassau County Department of 

Health completed a survey of household products that can be 

purchased in supermarkets, auto, hardware, and janitorial sup

ply stores, and identified 230 products that contained organic 

chemicals that could eventually reach the ground water. These 

were grouped as follows: 
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• organic solvent cesspool cleaners 

• paint and varnish removers 

• household cleansers, disinfectants and oven cleaners 

• laundry degreasers 

• solvents and cleaning fluids 

• engine and metal degreasers 

e· solid toilet bowl deodorizers 

• floor strippers, cleaners, and dressings 

• radiator flushes 

e car waxes and cleaners 

These products can enter the ground water by other means 

than through a cesspool, negating sewering as a means of allevi-

(' ating the threat. In addition, as people move into an area, a 
" 

support intrastructure must be developed and all these related 

activities may contribute organic loads to the ground water. 

6.8 A Strategy to Control Non-Point Sources of 

Ground-Water Contamination in 

the New Jersey Pinelands 

6.8.1 Storm-Water Runoff 

Storm-water runoff is generally controlled through the use 

of infiltration basins or allowed to flow through drainage sys-

tems or overland to surface waters. Storm-water runoff con

tains plant nutrients, metals, organic compounds, and bacteria. 

The following control strategies can aid in minimizing problems 
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attributable to this pollution source: 

• Require the immediate recharge or on-site detention of storm 

water, where feasible, in order to reduce the volume of run-

off. 

• Promote the use of storage areas - either specially construc

ted detention basins, multi-purpose paved areas, natural 

ponds or other existing or altered landforms - to reduce sed

iment transport and contamination from runoff. 

•. Promote or require the imposition of controls to reduce pol

lution generated by domestic animals. 

• Establish and require compliance with Best Management Prac

tices for land clearance and construction in order to mini

mize erosion and construction related pollutant discharges. 

• Promote or require municipal street cleaning programs to 

help minimize the pollution effects of storm-water runoff. 

6.8.2 Domestic On-Site Disposal Svstems 

Domestic on-site disposal systems contribute significant 

amounts of nitrogen and organic contaminants to ground water. 

The following control strategies can aid in minimizing this pol

lution source: 

• Withold permits for additional individual systems in any 

area where it has been determined that on-site disposal is 



causing significant deterioration of ground- or surface

water quality. 
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• Restrict the use of various classes of products that may con

tribute to the chemical pollution of the ground water. Such 

products include various detergents, dry cleaners and septic 

system cleaners or reconditioners. 

• Establish minimum lot sizes in specific area subject to hy

drologic constraints or, if such areas are already developed, 

provide for and require hook-up to a collection and treat

ment system. 

• Promote the establishment of municipal programs'for the 

routine preventive maintenance of on-site systems. 

• Provide for a monitoring program in areas where pervasive 

violations of the nitrogen standard or the presence of heavy 

metals or organic chemicals is considered likely. 

• Convert to alternative disposal techniques in those areas 

where monitoring indicates unacceptable pollutant concentra

tions. 

6.8.3 Subsurface Leakage From Domestic Collection Systems 

Sewer systems develop leaks as a result of improper con

struction, materials failure or aging. These leaks may permit 

domestic and industrial commercial waste to be carried to the 
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ground water. The following strategies can aid in minimizing 

the pollution problems associated with exfiltration and clog

ging: 

• Apply stringent performance standards for construction mate

rials and practices, accompanied by surveillance during con

struction. 

• Require the establishment of regularly scheduled maintenance 

and cleaning programs. 

6.8.4 ProductStoraqe Tanks, Pipelines, Accidental Discharges 

Leakage of materials from product storage tanks and acci

dental discharges will introduce hydrocarbons, organic solvents, 

and toxic industrial liquids into the ground water. The follow

ing control· strategies can aid in minimizing the pollution 

source: 

• Require construction sta~dards that will minimize the proba

bility of leakage or, in the event of accident, will mini

mize the entry of pollutants into ground and surface waters. 

• Establish siting and location standards that will prohibit 

the storage of certain materials in areas where leakage and 

spills will constitute a significant pollution hazard. 

• Establish a monitoring program that will enable a management 

agency to evaluate the performance of storage facilities in 
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. containing potential hazardous pollutants wi~~in the flood

plains of the lOO-year flood. 

• Prohibit above and below ground storage of potential pollu

tants in primary recharge or watershed areas except where 

reasonable safeguards are provided in order to prevent the 

escape or movement of such pollutants into the ground water. 

6.8.5 Discharge and Storage of Industrial Wastes 

Industrial wastes discnarged to municipal treatment facili

ties and ground and surface waters may contain a variety of tox

ic organic and inorganic compounds that constitute a public 

health hazard. The following control strategies can aid in min

imizing this pollution source: 

• Require adequate pretreatment levels. 

• Prohibit disposal of waste materials on the land surface, or 

to ground water, unless permitted or exempted. 

• Prohibit the discharge of specific classes of industrial 

waste to ground water in any prime recharge or watershed 

area. 

• Expand permit conditions relating to an enumeration of chemi

cal constituents and allowable limits to ensure maximum pro

tection of the ground-water resource. 

• If necessary, require that specified classes of industrial 
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wastes be subject to a materials recovery process prior to 

discharge. 

6.8.6 Landfills 

The use of. the land for. the ultimate disposal of solid 

wastes, sludqes and toxic chemicals constitutes a significant 

threat to ground-water quality and the public health. The fol

lowinq control strateqies can aid in minimizinq this pollution 

source: 

• Prohibit all landfill operations that rely on natural attenu

ation as a means of leachate control. 

• Prohibit the location of new landfill operations in primary 

recharqe of watershed manaqement areas. 

• Require that landfill operators adhere to a cover schedule 

and maintain a minimally exposed face. Where appropriate, 

require a cover of relatively impervious material. 

• Classify all landfill sites accordinq to the materials that 

may be placed in them, with toxic wastes assigned to specif

ic disposal sites that are strictly controlled and monitored. 

• Promote the use of volume reduction techniques, and resource 

recovery and reuse, wherever economically feasible. 

• Require permits for all landfill operations, reqardless of 

size. 



. • Require the provision of an underdrain system and in imperme

able barrier where the landfill is located in a permeable 

soil and where it can reasonably be expected that the quanti

ty and quality of the leachate will have a significant ad

verse effect on ground or surface waters. Provide for treat

ment and disposal of collected leachate. 

• Establish, maintain or supplement ground-water monitoring 

and surveillance at each landfill site, both open and closed. 

• Require surface liners, proper grading and revegetation of 

completed landfills to minimize infiltration and ensure com

patability with the surrounding area. 

6.8.7 Recharge of Sewage Treatment Effluent 

Sewage treatment plant effluent discharged to the ground 

generally does not constitute a major threat to ground water; 

however, there may be significant local impacts when discharges 

are concentrated at a few sites. The following control strate

gies can aid in minimizing this pollution source: 

• Establish and enforce strict control of treatment plant oper

ating procedures. 

• Provide for public take-over in instances where private own

ers and operators consistently fail to meet permit condi

tions. 

• Require the use of advanced waste-water treatment techniques 
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in primary recharge areas, or prohibit sewage treatment 

plant discharges to ground in prime recharge or watershed 

management areas. 

• Establish monitoring programs to determine baseline water 

quality and to ensure earty detection of any degradation 

caused by discharges from sewage treatment plants. 

6.8.8 Water Well Construction and Abandonment 
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Improper construction and practices may permit surface pol

lutants to enter the ground-water aquifer system and may con

"tr'ibute to the movement of contaminated water between aquifers. 

The following control strategies can minimize pollution from 

thi s source. 

• Require the registration of all persons and/or firms engaged 

in well drilling activities • 

• ' Establish a program of well inspection. Inspection priority 

should be accorded to the classes of wells considered most 

likely to contribute to ground-water contamination. 

• Require a permit for the abandonment, sealing or demolition 

of any public or private well having a capacity greater than 

45 qpm and of any observation well or other well installed 

for the purposes of scientific investigation. 
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6.8.9 Highwav Deicing Materials 

The storage and application of highway deicing materials 

contribute to chloride and sodium contamination. The following 

control strategies can minimize pollution from this source: 

• Require that salt piles be stored in,permanent buildings • 

• ' Require the substitution of inert abrasives, such as sand or 

cinders, for chemical salts wherever possible. 

• Modify application procedures and equipment to allow prefer

ential spreading on high hazard road segments. 

6.8.10 Coolin Water to Ground'Water 

Diffusion wells may cause contamination of ground water 

through the introduction of heated water and chemical additives 

used in the cooling process or for the maintenance of cooling 

equipment. The following control strategies can aid in minimiz

ing pollution from this source: 

• Restrict the use of chemical additives in cooling processes 

or in the maintenance of cooling equipment. 

• Require that no cooling waters discharged to the ground dif

fer significantly from ambient water except in respect to 

temperature. 

• Provide adequate surveillance to ensure compliance with dif-

fusion well permit. conditions. 
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6.8.11 Agricultural Chemicals 

Pesticides and fertilizers are applied to lawns, golf 

courses and nursery stock as well as to agricultural land. Con

tamination hazards from pesticides are generally controlled by 

natural physical-chemical biological processes in the soil. Re

ce~t developments in pesticide chemistry may yield classes of 

chemicals that are more persistent and/or toxic. Intensive ap

plicat~on of fertilizer in domestic, recreational, agricultural, 
'. 

and commercial use results in the leaching of a larqe part of 

the nitrogen content to ground water. The following strategies 

can aid in minimizing pollution from these sources: 

Pesticides 

• Limit or prohibit the distribution and/or use of specific 

chemicals that are suspected carcinogens. 

• Promote the substitution of less pertinent or less toxic 

chemicals for those currently in use. 

• Control the disposal of used pesticide containers. 

• Require licensing of commercial operators. 

Fertilizers 

• Conduct infor.mation and education programs designed to pro

mote the cost-effective use of fertilizers and erosion/ 

runoff control. 
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• Limit or prohibit the distribution or sale of chemical fer

tilizer formulations that have effective organic substitutes. 

• Promote the use of low-maintenance lawns and natural plant 

materials in order to reduce the need for extensive watering 

and fertilizing. 

6.9 A Ground-Water Zoning Plan for thePinelands 

Ground-water zoning is a management technique which is of-
. . 

ten used to identify problem areas or aquifers in need of pro-

tection. For example, an area where the aquifer is polluted by 

industrial waste could be "written off" for certain uses, and a 

pristine aquifer could be protected by prohibiting selected 

types of development in t~~. outcrop and recharge areas. 

Establishing a zoning system for the Pinelands is diffi-

cult, as no specific "problem" areas have been identified. The 

Cohansey aquifer is very permeable and pollutants entering the 

aquifer in most cases would travel to a discharge pOint without 

contaminating deeper aquifer systems. This so called "flushing" 

action in the Cohansey is both a blessing and a problem. The 

flushing would tend to remove the pollutant and transport it to 

surface water and eventually downstream to the ocean. This ac

tion would thus provide for relatively fast rehabilitation of 

most polluted aquifers and improved water quality. 

In contrast, the flushing action and short residence time 
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of water in the aquifer provides for little or no in situ treat

ment of waste fluids, such as septic tank effluent. As was men

tioned previously, the Cohansey formation contains a very high 

percentage of sand (80 to 90 percent), and thus any natural 

treatment within the aquife~ is very limited. On the other 

hand, where there is vertical movement of ground water, the 

presence of shallow clays in the Cohansey could be ~.important 

controlling mechanism to divert or retard this movement of pol

lutants and provide protection to deeper aquifer zones. . --

For this reason a zoning system has been devised based on 

- the- presence or absence of shallow clays and also the depth to 

the water table. The greater the depth to water, the better 

the chances are of obtaining some waste treatment in the unsat

urated zone. 

By combining the shallow clay and depth to water maps, a 

ground-water vulnerability map of the Pinelands has been con

structed (Plate 18). Categories and vulnerability ratings 

shown on this map are listed below: 

Ground-Water 
Vulnerability 
Rating 

Highest 

High 

Moderate 

Lowest 

Category 

Water table less than 10 feet below land sur
face; shallow clays absent 

Water table greater than 10 feet below land 
surface; shallow clays absent 

Water table less than 10 feet below land sur
face; shallow clays present 

Water table greater than 10 feet below land 
surface; shallow clays present 
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As shown on the map, the areas with the lowest ground

water vulnerability rating are located "in the eastern and south

eastern portions of the Pinelands. 

6.10 Recommended Priorities for ~round-Water 

Qualitv Protection 

As discussed previously, the overall ground-water quality 

in the Pinelands is excellent and the actual and potential 

sources of ground-water pollution are relatively few in number. 

The relative importance of each of the significant sources of 

potential contamination in the Pinelands is given in Table 6-12. 

Of key concern are septic tanks because of the volume of 

waste water discharqed, ancL landfills because of the threat 

posed by disposal of municipal and industrial wastes. Spills 

of hazardous chemical substances are also of prime concern. Of 

moderate concern are surface impoundments (relatively few in 

number) and highway deicing practices. All other categories, 

including pipelines, storage tanks, sand and gravel mining oper

ations, salt-water intrusion, water wells, agricultural practi

ces and spray irrigation are considered to be of low signifi

cance. 

Recommended priorities for ground-water quality protection 

are divided into (1) solving existing ground-water contamina

tion problems and (2) preventing future ground-water contamina

tion problems • 
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Table 6-12. Principal Sources of Ground-Water Contamination 
in the Pinelands and Their Relative Importance. 

Septic Tanks 

Landfills 

Surface Impoundments 

Spills 

Buried .Pipelines and Storaq~ T~s 

Mining Activities 

Salt-Water Intrusion 

Water Wells 

Agricultural Activities 

Highway Deicing Salts 

Spray Irrigation by Waste Water 

High Moderate Low 



Recommended control measures to solve existing problems 

are: 

a) Further inventory sources of contamination. 

b) Define and monitor contaminated ground-water bodies· that 

are considered hazardous. 

c) Control use of ground water already affected or threatened 

by contamination and provide alternate sources of water sup

ply where needed. 

d) Contain or clean up pollution where economically and tech

nically feasible. 

Recommended control measures for preventing future prob

lems are: 

a) Devise a ground-water zoning and management plan. 

b) Prepare realistic guidelines and enforce regulations that 

are truly protective. 

A major ~ffort should be directed, within the financial re

sources available to the Pinelands Commission, toward defining 

the areal extent and severity of existing or suspected ground

water contamination problems. Such studies can be used to warn 

against use of certain aquifers or portions of aquifers for spe

cific purposes. Within the legal framework, development or 

withdrawal of ground water could be limited in affected aquifer 

zones. It would be the task of the Commission to determine 

"critical zones" around each known significant case of qround-
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water contamination. In each "critical zone," ground-water di-

version would be restricted from the standpoint of either the 

quantity that can be pumped or the purpose for which it can be 

used. Wells and other monitoring techniques would aid in deter

mining when and how to modify the areal extent of a "cr~tical 

zone" over a period of time. 

Among the various options available to the Commission1for 

protecting ground-water quality are such alternatives for con

trol as the enforcement of land~use restrictions in critical " 

areas, imposition of restraints on each individual type of ac-

"tivity that can lead to ground-water contamination, and regula

tion of patterns of ground-water use. Obviously, the choice 6f 

any control method in the Pinelands must be influenced by geo

logic and hydrologic conditions in the area of interest and 

must take into consideration the type of activity involved. 

Respectfully submitted, 

GERAGHTY & MILLER, INC. 

Senior Scientist 

1bD~£rJ?l~ 
Fr1ts van der Leeden 

March 26, 1980 Vice President 
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