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CONVERSION FACTORS 

Factors for converting English units to metric units are shown to four 
significant figures. However, in the text the metric are 
shown only to the number of significant figures consistent with the 
values for the English units. 

Multiply by 

ft (feet) 0.3048 m ) 

ft/s per second) 0 .. 3048 m/s per 

2 2 
ft /day (square feet 0 .. 0929 m /day (square metres 

per day) per 

-2 3
/min)/ft (gallons 1,,242 X 10 (m /min)/m metres 

per minute per foot) per minute per 

mi (miles) 1 .. 609 km (kilometres) 

2 2 
mi (square miles) 2.,590 km (square kilometres) 

3 
Mgal/d (million gallons 43 .. 81 dm /s decimetres 

per day) per second) 
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DIGITAL-SIMULATION MODEL OF THE WENONAH-MOUNT LAUREL 
AQUIFER IN THE COASTAL PLAIN OF NEW JERSEY 

By Bronius Nemickas 

ABSTRACT 

A di tal computer-simulation model of the Wenonah-Mount Laurel 
aquLier is used to evaluate the aquifer's capabilities of meet the 
projected future demands and to study the cause of the rapidly decl 
water levels. The modelled area includes l,SOO square miles (3,88S 
square kilometres) of the New Jersey Coastal Plain and includes all the 
important centers of pumping in Monmouth, Burlington, and Ocean Counties 
from the Wenonah-Mount Laurel aquifer. 

The Wenonah Formation and Mount Laurel Sand of Late Cretaceous age 
are exposed in the western part of the New Jersey Coastal Plain along a 
belt trending northeast-southwest from Raritan Bay to Delaware Bay. The 
formations typically consist of poorly sorted silty to fine quartz sand, 
the Wenonah Formation, and a coarse clastic quartz sand unit, the Mount 
Laurel Sand. The Wenonah-Mount Laurel aquifer is composed of the sandy 
part of the geologic units. 

Transmissivity of the aquifer ranges from 360 square feet per day 
(33.4 square metres per day) to 1,430 square feet per day (132.8 square 
metres per day); the estimated hydraulic conductivity ranges from about 
l.S x Io-4 feet per second (4.6 x lo-S metres per second) to 2.2 x l0-4 
feet per second (6.7 x 10-S metres per second); and the storage coefficient 
varies from about l.S x lo-S to 3.S x lo-4. 

The annual average rate of withdrawal from the Wenonah-Mount Laurel 
aquifer in Monmottth, Burlington, and Ocean Counties increased from about 
1 million gallons per day (44 cubic decimetres per second) in 19S9 to 
slightly more than 2 million gallons per day (88 cubic decimetres per second) 
in 1970. Near the pumping centers in Monmouth County, the water level 
declined as much as 100 feet (30.S metres) between 19S9 and 1970. In the 
subjacent Englishtown aquifer underlying the lower confining unit (Marshalltown 
Formation), the annual average rate of withdrawal in all of Monmouth and 
Ocean Counties increased from S.5 million gallons per day (241 cubic 
decimetres per second) in 1959 to 9.S million gallons per day (416 cubic 
decimetres per second) in 1970. Water-level declines for the same period 
are as much as 140 feet (42.7 metres) near centers of pumping. 

The digital-simulation model was calibrated by matching computed 
declines in the Wenonah-Mount Laurel aquifer with historic water-level 
declines over the 12-year period, 1959-70. The results of the modelling 
show that recharge to the aquifer occurs as leakage from the upper confining 
unit owing to withdrawals from the aquifer. Of equal significance is the 
effect of water-level declines in the Englishtown aquifer, which generate 
leakage from the Wenonah-Mount Laurel aquifer through the lower confining 



unit, which in turn s leakage (recharge) to the from the 
upper confining unit. The rapid declines of water levels in the Wenonah­
Mount Laurel aquifer in the northern part of the New Coastal Plain, 
hence, are caused directly by the withdrawals from the Wenonah-Mount Laure 
aquifer and indirectly by withdrawals from the underlying Englishtown fer. 

INTRODUCTION 

Purpose and Scope 

The U. S. Geo Survey, in cooperation with the Division of 
Water Resources of the New Jersey Department of Environmental Protec ion, 
is conducting a program of geohydrologic studies of fer systems in 
New Jersey Coastal Plain. These studies utilize analytical 
techniques and digital computer-simulation modell to identi and 
the data that are essential to a quantitative s the hydraulics 
the aquifer. A digital computer-simulation model s a tool for 
investigator to test and evaluate different concepts of the funct 
of the ground-water system. 

The ground-water investigation of the Wenonah Formation and Mount 
t 1970. The purpose o the invest tion 

is to present the and the geohyd parame rs needed 
a quantitative analysis of the aquifer and to present a calibrated digit 
model of the Wenonah-Mount Laurel aquifer. The geologic framework of the 
Wenonah Formation and Mount Laurel Sand, lithologic character and geome 
of the Wenonah-Mount Laurel aquifer, and geometry of the overlying and 
underlying confining units used in the model are described and defined. 

The aquifer in the Wenonah Formation and Mount Laurel Sand is a sourc 
of ground water in the northern part of the New Jersey Coastal Plain. 
Total ground-water withdrawal from this aquifer for public supply in 
Monmouth, Burl ton, and Ocean Counties increased from about 0.96 Mgal 
(million lons per day) [42 cubic decimetres per second (dm3/s)J in 1959 
to about 2.2 Mgal/d (96 dm3/s) in 1970. Water levels in the aquifer have 
been declining at a rate of 3 to 8 feet (ft) per year [0.9 to 2.4 metres 
(m) per year] in Monmouth and Ocean Counties near the Atlantic coast, 
since 1959. This water-level decline is caused direct by withdrawals 
from the Wenonah-Mount Laurel fer and, as shown this study, indirec 
by withdrawals from the underlying Englishtown aquifer. Water levels in 
the Englishtown aquifer have declined in southeastern t1onmouth and northern 
Ocean Counties at the rate of 8 to 12 ft per year (2.4 to 3.7 m per year) 
since 1959 (Nichols, written commun., 1974). 
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The model in its development stage can be used, with the 
limiting assumptions, -water planners in estimates of 
the effects of various ~:vithdrawal schemes from the Wenonah-Mount 
Laurel aquifer. 

The geohydrologic investigation of the Wenonah-Mount 
covers an area of about 1,500 sq mi (square miles) [3,885 (square 
kilometres)] of the Coastal Plain of New Jersey ( 1) ~ The modelled 
area of 1,500 sq mi ,885 km2) is bounded on the north by Raritan , 
on the northwest the feather edge of the Wenonah Formation and Mount 
Laurel Sand, and on the east by the Atlantic Ocean. The southern 
is in Ocean, Burlington, and Camden Counties (fig .. 2) .. The area modelled 
includes the major areas of ground-water use and deve in the Wenonah-
Mount Laurel aquifer in Monmouth, Burlington, and Ocean Counties., 

Previous Investigations 

The geology of the Coastal Plain of New Jersey and of the Wenonah 
Formation and Mount Laurel Sand has been discussed by a number of authorsm 
Some of the more recent investigations are by Owens and others (1968, 19 
Owens and Sohl (1969), Minard (1964, 1965), Minard and others (1969), and 
Owens and Minard (1966). 

The regional geohydrology of the Coastal Plain of New Jersey and of the 
Wenonah Formation and Mount Laurel Sand was discussed by Barksdale and others 
(1958) and Parker and others (1964). Well records, well logs, chemical 
analyses, and brief descriptions of the hydrology, water quality, and geology 
of the Wenonah Formation and Mount Laurel Sand are given in the following 
county reports: Rush (1968) on Burlington County; Anderson and Appel (196 
on Ocean County; Jablonski (1968) on Monmouth County; Farlekas, Nemickas, 
and Gill (1973) on Camden County; Hardt (1963) and Hardt and Hilton (1969) 
on Gloucester County; Rosenau and others (1968) on Salem County; and Rooney 
(1971) and Nemickas (1974) on Cumberland County. 

Acknowledgments 

The investigation was made by the U. s. Geological Survey in cooperation 
with the Division of Water Resources of the New Jersey Department of Environ­
mental Protection. Dr. B. L. Smith of Rutgers University assisted the author 
greatly with informal discussions. Michael G. McDonald of the U. s .. 
Survey provided invaluable assistance in computer programming. 

GEOLOGY 

New Jersey Coastal Plain 

The Coastal Plain of New Jersey is underlain by unconsolidated and 
partly consolidated marine, marginal marine, and nonmarine deposits of gravel, 
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sand, silt, and The sediment 
and lie unconfonnab on the pre-Cretaceous 
basement complex ranges from 100 ft 5 above sea 
western Coastal Plain to 6,400 ft (1,950 below sea level in the 
t of Cape May The total thickness of the sediments in outcrop 
range from 500 to 1,000 ft (152 to 305m)~ The sediments thicken downd 
toward the southeast, and attain a maximum thickness of 6,500 ft 
(1,980 m) at the extreme southern, of and Farlekas 
written conrrnuna, 19 The sediments of Cretaceous age di 

ly to the southeast with the oldest sediments cropp the 
Delaware River.. In , the older the sediments are the steeper i 
dip. The Quaternary formations idgeton, Pensauken, and 
continuous and, where , are virtual flat- be.d 
Cretaceous and Tertiary sediments. 

Many investigators have discussed the geology of the New pre 
Quaternary Coastal Plain formations, and the work was summarized 
by Owens and others (1970) and Owens and Sohl (1969)e The differences in 
sediments between Delaware Bay and Raritan Bay reflect different patterns 
and environments of sedimentation that existed in the New Jersey Coastal lain 
especially during Late Cretaceous time. Depositional in the Coastal 
Plain of New Jersey have been largely controlled by t\vo basement tectonic 
features; a trough centering in the vicinity of Raritan Bay and a northwest­
southeast trending high in southern New Jersey. 

The northern Coastal Plain sediments (table 1) can be grouped into 
major stratigraphic units@ The lower stratigraphic unit, of fluvial-del 
and marginal-marine origin, ranges in age from Cretaceous to Eocene 
and is marked by an abundance of siderite. The fluvial-deltaic sediments o 
the Potomac Group and the Raritan and Magothy Fonnations form the base o 
this sequence (Gill and Farlekas, written commun .. , 1969)., The upper part 
(Merchantville Formation and younger) of the lower unit, ited during 
several transgressive and regressive cycles, becomes progressively more 
marine indicating deeper water deposits$ The upper stratigraphic unit ranges 
in age from middle Miocene through Pliocene(?) and is characterized the 
absence of glauconite and the first appearance of thick marine diatom beds 
the Kirkwood Formation (Gill and Farlekas, written comrnun , 1969) 

The major fresh-water aquifers in the Coastal Plain of New Jersey are 
sands and gravels of Cretaceous and Tertiary age in the Potomac Group, the 
Raritan and Magothy Formations, the Englishtown Formation~ the Wenonah 
Formation and Mount ·Laurel Sand, the Kirkwood Fonnation, and the Cohansey 
Sand'" Minor aquifers are found locally in s of the Merchantville 
Formation, Red Bank Sand, Vincentown Formation, and Manasquan Formation 
Sand and gravel in the surficial deposits of Quaternary age are commonly 
hydraulically connected to the adjacent und fers. 
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Lower 
Cretaceous 

deposits 

deposits 

Cape l1ay 
Formation 

Pensauken 
Formation 

Bridgeton 
Formation 

Cohansey Sand 

Kirkwood 
Formation 

l1a na squa n 
Formation 

Vincentown 
Formation 

Hornerstown 
Sand 

Red Bank Sand 

Navesink 
Formation 

l1ount Laurel 
Sand 

Wenonah 
Formation 

Marshalltown 
Formation 

Englishtown 
Formation 

Woodbury Clay 

l1erchantvi lle 
Formation 

l1agothy 
Formation 

Raritan 
Formation 

Potomac Group 

Pre-Cretaceous consolidated rocks 
and Wissahickon Formation 
(l'rc'cambri.an Lower Ordovician). 

Modified after Farlekas, Nemickas, and Gill, 1973, table 2. 

Lithology 

Gray mixture clay, 
organic material, sand, and 
gravel. 

Light gray, well sorted quartz 
sands. 

Ye 11 ow to brown to gray, medium 
to coarse-grained quartzose sand. 

Yellow to brown, medium to 
coarse-grained quartzose sand. 

to very White to brown, 
coarse quartzose 
fairly 

and gravel, 
and s uba ngu 1 a r. 

Yellowish to coarse 
quartzose fine 
somewhat micaceous, 
lenses of silt and clay. 

olive gray, glauconitic, 
micaceous, very fine 

to fine quartzose sand. 

Olive gray, 
glauconitic, 

quartzose, 
sand. 

brown to gray, very fine, 

and silt. 

Dark 
and 

, micaceous, sand 

glauconitic sand 

Dark to 
grained, 

fine to coarse­
sand. 

Dark green to black glauconitic 
sand and clay. 

Light gray, fine to coarse­
grained quartz sand. 

Dark gray, poorly sorted, very 
micaceous, silty, fine quartz sand. 

Dark gray, micaceous, silty 
glauconite •;and. 

Hassive dark-colored silty 
sand. 

Grayish-black massive micaceous 
clayey silt. 

Dark gray to grayish-black 
micaceous clay to clayey 
beds and glauconite 

with 
sand. 

clays, silts, sands, 
and 

Schist and 
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The 

Formation and 
more than 200 
Mount Laurel Sand ( 
tation of 

consists of silt,. 
(9 .. 1 to 30~5 , makes up the 
Laurel Sand,. A 
F 7 is a cross-sect 
and Mount Laurel Sand 
Mount Laurel Sand 

this 
units above and 
Sand., 

The vJenonah-Mount Laurel 
the s area of about 1,500 sq mi (3 

Coas~al Plain ( 1)~ Mos of the wells in the New 
tapping the aquifer are located in a northeast=·southwest 
lies within 20 mi 92 of the Total 
for industrial and public supply Burl 
increased from 0.,96 Mgal/d /s) in 1959 to 2~2 

8 



~ 

30' 15' 74°00' 
~ ;;o' 

EXPLANATION 

of the and Mount Laurel Sand 
~-50----

Stucture contour 

log 

Number is attitude of the top of the 
Mounl Laurel Sand, in feet, 

SCALE 

MILES 

KILO!AETERS 

SOMERSET I 
COUNTY /' 

/, 
/' 

i/ MIDDLESEX 

~ COUNTY 

MERCER 

COUNTY 

FIGURE 3;-·STRUCTURE CONTOUR MAP OF THE TOP OF THE MOUf'.JT LAUREL SAND 
IN NORTHERN PART OF THE NEW JERSE"Y COASTAL PLAIN 

~ 
'It 
~ 
\..) 

\:;) 

15' 

4()0 

oo' 

\.0 



the Wenonah Formation ond 

~-50--­

contour 
Wenonah Forrnotion 

FiGURE STRUCTURE CONTOUR MAP OF 
IN THE NORTHERN PAR'i=~OF THE 

!--"' 
0 



'i 

75°00' 
30'rl-----

~ 

45° 30' 

EXPLANATIO~----L-------l=SET ,/ 7'_\ 

"m<i'F'"' 1Al12$1a1' ....,... 1l 

----------..-----.-+--- 30' 

I COUNTY ,/ \ 

Outc<op o"o of the:=::~:"~"_:"" Mo"'t """" So""l ,/,/ 

1

// MIDDLESEX 

Wenonah 
SCALE 

15' 

~ 

Sand in feet 

MilES 

KILOMETERS MERCER 

COUNTY 

COUNTY 

106 

"' 

~
/ 

~ 
100/ CJY TY 

I 
I 
I 
\ / 

'-..../ 

FIGURE 5:- THICKNESS OF THE WENONAH FORMATION AND MOUNT LAUREL SAND 

~ 
'I'{ 

4.1 
\..) 

(J 

15' 

4()0 

·oo' 

t-' 
t-' 



EXPLANATION 

Outcrop area of tile Wenonah Formation end fvlount Laurel Sold 
~-5o~--

Llne of equal thiCkness of the 
of the Wenonah Formation 

Dashed aooroximotelv 

,lO 
Locat1on of geophysical log 

N!Jmher 1s thickness of the sand tn feet 

lithofac1es of the Wenonoh Formatton and Mount Laurel 

SCALE 

MILES 

MIDDLESEX 

FIGURE 6:-- SAND LITHOFACIES THICKNESS OF THE WENONAH FORMATION AND LAUREL SAND 

" ..._ 

~ 

'\!' 

74QOO' 

~ 
'\{ 

l<J 

,..... 
N 



!--' 
,J 

A 
NIW QUAIL HILL 

SCOUT RESERVATION 
WELL 

G 

" 

BATTLE GROUND 
COUNTRY CLUB 

~ 

FREEHOLD MUN 
UTIL. AUTH 
WELL NO.I 

E 
ROKEACH AND 

SONS 
WELL 

G 

ALLAIRE 
STATE PARi( 
U.SG.S.WELL 

ti. 
WALL TWP. SEA GIRT 

WATER DEPT BORO 
ALLENWOOD WELL "a" WELL N0.5 

E E 

FIGURE 7.--SECTION SHOWING THE RELATIONSHIP OF THE WENONAH FORMATION AND MOUNT LAUREL SAND, CONFINING 

UNITS AND SAND FACIES WITHIN THE WENONAH FORMATION AND MOUNT LAUREL SAND ( ue fio. I l 

SE 

300' 

EXPLANATION 

E • ELECTRIC LOG 
G • GAMMA ~AY LOG 

ELECTRIC LOG 

~ 
SAND 

t_



. 

Test 
Location 

Bradley Beach 

Year 

1954 

ft 
Range 

360-1,430 

2 

Transmissivity 

2 
/day m /day 

Mean Range 

670 33.4-132.8 

Mean 

62.2 

Hydraulic Conductivity 

ft/sec m/sec 
Mean Mean 

·-4 2.0 X 10 6.1 X 10-5 

Salem City 1965 -- 1,200 -- 111.5 1.5 X 10-4 
4. 6 X 

Artificial 
Is land 1968 -- 940 --

Mean 

1. 2 X 10- 4 

8 7. 3 2.2 X 10-4 
6. 7 X l0- 5 

Jablonski, 1968 

Salem City 3.5 X 10- 4 
Rosenau and others, 1968 

Artificial 
Island Dames and Moore, 1968 

The Wenonah-Mount Laurel aquifer is underlain by a confining unit which 
includes the Marshalltown Formation and the lower part of the Wenonah 
Formation in the northern New Jersey Coastal Plain in Monmouth, Burlington, 
and Ocean Counties. In the central part of the New Jersey Coastal Plain 
(Ocean and Burlington Counties), the underlying confining unit includes the 
Merchantville Formation, Woodbury Clay, Englishtown Fonnation, Marshalltown 
Formation, and the lower part of the Wenonah Formation.. The overlying 
confining unit as defined in this report includes all deposits overlying the 
Mount Laurel Sand. 

The thickness of the Wenonah-Mount Laurel aquifer in the northern New 
Jersey Coastal Plain is shown on figure 6. The thickest part of the 
is not in the study area but is in central Camden, Gloucester, and Salem 
Counties where it is more than 115 feet (35 m) thick.. The aquifer gradually 
thins ,toward the northeast and southeast into Ocean and Monmouth Counties .. 
The outcrop of the upper contact of the Mount Laurel Sand marks the north­
western boundary of the confined part of the aquifer. The southeastern and 
eastern boundaries of the aquifer in Ocean and Burlington Counties and 
beyond the New Jersey coast east of Monmouth and Ocean Counties cannot be 
defined because of the lack of data. 

Wenonah-Mount Laurel Aquifer 

Hydraulic Characteristics 

Three aquifer tests of the Wenonah-Mount Laurel have been 
conducted and the results of the tests are listed below: 
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Specific-capacity data from industrial and public-supply wells tapping 
the Wenonah-Mount Laurel aquifer in the New Jersey Coastal Plain were used 
to estimate transmissivity. The estimation of transmissivity from specific 
capacity can be calculated by using the following equation (Hurr, 1966). 

-2 2 u[w(u)] 1.632 x 10 (r s/tQ) Sa (1) 

2 
T = (1.87 r tu) Sa (2) 

where r = the radius of observation of drawdown in feet 
s = the drawdown in feet 
t = time since pumping began, in days 
Q = discharge in gallons per minute 

Sa = apparent specific yield for a water-table aquifer 
and storage coefficient for a confined aquifer 

u(w(u)] is calculated from equation (1) and u is 
then determined graphically from a plot of u(w(u)] u. 
The value of u from the graph is substituted into 
equation (2) to compute transmissivity in gallons/foot/ 
day. Dividing the result by 7.48 gives transmissivity 
values in ft2/day. 

2 
Transmissivity computed from 33 wells ranges from 430 to 1,780 ft /da2 

(40 to 165m2/day). The average transmissivity for the 33 wells is 790 ft /day 
(73 .. 4 m2/day). The specific capacities for the 33 wells range from 2 .. 1 to 
10.5 (gal/min)/ft (gallons per minute per foot) [.02 to .13 (m3/min)/m 
(cubic metre per minute per metre)]. The average specific capacity iZ 4.2 
(gal/min)/ft [.05 (m3/min)/m]. A coefficient of storage of 2.0 x 10- was 
used in calculations to estimate transmissivity from specific capacity. 

Hydraulic conductivity for the aquifer was calculated by taking the 
transmissivity of the aquifer at the well site and dividing the transmissivity 
by the aquifer tl1ickness. The hydraulic-conductivity values were averaged 
for the 33 wells and the average value of 1.5 x lo-4 ft/sec (feet per second) 
[4.6 x lo-5 m/sec (metres per second)] was obtained. 

The coefficient of storage for the aquifer was taken from two aquifer 
tests. The mean coefficient of storage for one aquifer test was 1 .. 2 x lo-4 
and the mean for the second test was 3e5 x lo-4. 

Water Levels 

The potentiometric surface of the Wenonah-Mount Laurel aquifer in 1959 
is shown in figure 8. The 1959 data have been supplemented by water-level 
measurements collected in 1958 and 1960 in areas near the outcrop and away 
from pumping centers, where no significant change in water level occurred 
from 1958-60. This surface is the beginning of the 12-year period of historic 
record used to calibrate the simulation model. A second water-level measurement 
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of· wells tapping the was made in November, 1970, which is the end 
of simulation period. The 1970 potentiometric surface is shown 
in 9.. The difference in potentiometric surface for the Wenonah-Mount 
Laurel aquifer from 1959 to 1970 is shown in figure 10. The head 
decline of approximately 100 feet (30 .. 5 m) from 1959 to 1970 occurred in the 
area of Avon-by-the-Sea and Freewood Acres (between Freehold Boro and 
in Monmouth County., In Burlington County, south of Wrightstown, maximum water­
level declines were approximately 35ft (10 .. 7 m) during the same 

Recharge 

the Wenonah-Mount Laurel aquifer is mainly from downward 
The receives recharge from vertical 

area wnere the topographic highs coincide with 
This coincidence of ic and 

to oceur for the Wenonah-Mount Laurel 
in Monmouth , County , 1968, 

, Nemickas, and Gill, 1973), and Gloucester 
and Hilton, 1969, p 23) .. Effects of pumping have not reached the 
tric b near the area, and to the Wenonah-Mount Laurel 

i by the head difference between the Wenonah-Mount Laurel 
and the overlying aquifer Natural discharge areas for the 
occur along topographic lows in the outcrop area. 

Withdra~vals 

from the Wenonah-Mount Laurel aquifer downdip from the 
areas has developed a cone of depression that 

downward vertical leakage from the overlying geologic The 
in the subjacent Englishtown aquifer is likewise 
Wenonah-Mount Laurel aquifer through the underlying 

additional declines in the Wenonah-Mount Laurel which in 
from the overlying confining units 

or withdrawals from the Wenonah-Mount Laurel aquifer (table in 
the s area are for public supply.. withdrawals from the 
aquifer in the study area were at an average rate of about 1 (/+4 
dm3/s) in 1959 and increased to s ly more than 2.0 Mgal (88 dm3/ 
1970.. Domestic pumpage that occurs in or near the outcrop area of the 
is believed to be small and not s Withdrawals from the 

near the coast in Monmouth and Ocean Counties occurred at the rate of 
/d (153 dm3/s) and at Lakewood, Ocean County, at the rate of 0.7 

(31 /s) in 1959 , written commun., 1974)~ 1969 the rate of 
pumping in the Lakewood area had incre~sed to 2 .. 8 Mgal/d (123 dm3/s) and in 
the coastal area to 4.1 Mga1/d (180 dm /s) (Nichols, written commun., 1974)* 
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Table 2.--Public-supply withdrawals from the Wenonah-Mount Laurel aquifer from 1959 to 1970. 

year, in Hga1 I d 
\;Je 11 

Name I number I 1959 1960 1961 1962 1963 1964 1965 1966 196 7 1968 1969 1970 
-----------' 

Avon by the Sea I 1 and 2 .212 .212 .210 .208 . 212 .208 .206 .260 .262 .226 .214 .287 
I 

Spring Lake 
Heights 1 I .051 .056 .060 .056 . 076 .082 .071 .072 .079 .105 .111 . 132 

Wall Twp. W.D., Rose hill I -- -- -- .020 .065 .087 .093 ~121 . 173 .126 .144 . 150 

Imperial Pk -- -- -- .128 .188 .. 189 .208 221 211 .268 .261 .260 

Monmouth Ocean 
Consolidated Grove 2 .129 . 073 .061 .071 .045 .053 .021 ~075 .. - - .010 .010 

Aldrich W.C. I 1, 2, & 3 .051 .076 .093 .130 .201 .323 .356 .365 ® 3 7 5 .331 .427 .613 

Pemberton Boro I 1 .064 .068 .077 .080 .080 .081 .072 .095 .088 .100 064 .077 

2 .064 .068 .077 .080 .080 .081 .072 .095 .088 . 100 .017 

I 3 - -- -- -- -- -- -- -- -- -- .024 .090 I 
Pemberton Twp. I 2 -- -- -- -- .010 .040 .048 .OS .026 073 . 075 .080 I 

3 - -- -- ·~- .003 .002 .06 .071 ,, 020 .057 .058 .060 I 
l 

4 .392 .369 .360 .529 Q 5 73 . 488 .396 72 . 4,04 .425 .403 .403 

5 - - -- -- -= -- -- - .007 .014 .014 014 
---

Total I 0.963 0.922 0.938 1.302 1 533 1.634 1 610 . 798 l" 733 1@811 1. 822 2. 



The Wenonah-Mount Laurel is bounded above and below by 
sequences of sandy to clayey silts and silty clays. The underlying 
sequence of sediments, which forms the lower confining unit for the 
Wenonah-Mount Laurel aquifer in the northern part of the study area, 
includes the Marshalltown Formation and the lower part of the Wenonah 
Formation. The thickness of the lower confining unit in the northern 
part of the study area ranges from less than 20 ft (6.1 m) in central 
Monmouth County to 60 ft (18.3 m) in western Burlington County to 80 
ft (24.4 m) in central Ocean County (fig. 11). The average thickness 
is about 45 ft (13.7 m). 

In the southern and southeastern part of the study area the lower 
confining unit is much thicker, including not only the lower part of the 
Wenonah Formation and the Marshalltown Formation but also the Englishtown 
Formation (locally), Woodbury Clay, and Merchantville Formation. The 
thickness of the confining unit ranges from 80 ft (24.4 m) in western 
Burlington County to 420 ft (128 m) in southcentral Ocean County. This 
lower confining unit has an average thickness of 200 ft (61 m) .. 

Hydraulic conductivity and specific storage values for the lower 
confining unit were obtained from laboratory tests of undisturbed cores. 
The range ~f hydraulic conductivity of the cores is from 3.0 x lo-9 ft/sec 

0 10 (9.2 x 10- m/sec) to 2.8 x lo- ft!zec (8.5 x lo-ll m/sec). The 
1 specific storafe ranges from 1.0 x 10- ft- (3.1 x lo-5 m-1) to 

3.4 x lo-6 ft- (1.0 x lo-6 m-1). Hydraulic conductivity and specific 
storage were calculated from consolidation test data for the load increment 
nearest the approximate computed overburden pressure. 

Upper Confining Unit 

The sequence of predominantly fine-grained sediments above the 
Wenonah-Mount Laurel aquifer is treated, in the model, as a single 
composite confining unit. This composite unit, therefore, consists 
of the Navesink Formation, Red Bank Sand, Hornerstown Sand, Vincentow~ 
Formation, Manasquan Formation, Kirkwood Formation, and the saturated 
part of the Cohansey Sand and younger sediments, where they are present. 
The least permeable and thickest part of this upper confining unit in the 
study area is the Manasquan Formation. The total thickness of the 
composite upper confining unit ranges from several feet near the outcrop 
of the aquifer to 1,200 ft (366 m) in the southeastern corner of the 
study area (fig. 12). Hydraulic conductivity and specific-storage values 
were determined from laboratory tests of cores taken in fine-grained 
sediments at various points in the section above the aquifer. The range 

8 of hydraulic conductivity of the cores is from 2 .. 1 x lo- ft/ sec (6 .4. x lo-9 
m/sec) to 4.9 x lo-ll ft/s~c (1.5 x lo-ll m/sec). The specific storage 

1 ranges from 3.3 x lo-3 ft- 1 (1.0 x lo-3 m-1) to 3.1 x lo-6 ft- (9.5 x lo-7 
m-1). In designing the digital model, it was assumed that the properties 
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of the composite upper con£ unit were largely by the 
fine-grained materials of the section and, therefore, fell within the 
ranges determined for the cores. 

AQUIFER SIMULATION 

The use of digital computers in ground-water resources evaluation 
has been established in the past few years. Computers are available 
that allow solutions of a large set of simultaneous equations that are 
involved in studying the cause and effect relationships in heterogeneous 
aquifer systems having a wide vari~ty of source and sink functions and 
boundary conditions. In this report, the computer program used to -
simulate the Wenonah-Mount Laurel aquifer is based on a program developed 
by Pinder (1970) and modified by Trescott (1973). The program is written 
in F~RTRAN IV for the IBM System 360. 

The program simulates the response of a confined aquifer system 
to pumping from one or more wells by solving the two-dimensional ground­
water flow equation. The aquifer system may be irregular in shape and 
may be nonhomogeneous, Steady and transient leakage from overlying and 
underlying confining units are included. The simulation is carried out 
using a sequence of pumping periods; pumping rates during each pumping 
period are constant, but may be changed from period to period. 

The differential equation for nonsteady flow of a noncompressible 
fluid in an elastic nonhomogeneous porous medium can be written (Pinder 
and Bredehoeft, 1968): 

d 
8x. 

l 
(

T .. 
lJ 8x. 

J 

s 8h 
8t 

+ W (x, y, t) £h_) 
2

where T .. is the transmissivity tensor (L /T); 
lJ 

h is the hydraulic head (L); 

S is the storage coefficient (dimensionless); 

t is time (T); 

W is the volumetric flux of inflow to outflow from the aquifer, 
per unit surface area of aquifer (L/T). In the model used in 
this study, W, included pumpage and leakage through overlying 
and underlying confining beds. 

The digital-modelling technique provides approximate solutions to 
equation (1) for specified boundary conditions. A rectangular mesh is 
superposed on a map of the aquifer, dividing it into elements or blocks 
A node is located at the center of each block; and the head at each node, 
at any given time, is related to the heads at surrounding nodes through 
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a finite-difference to ion Time is 
by dividing the time axis into increments or steps; the head 
node is treated as constant within a time increment and is assumed to 
vary in stepwise fashion from one time increment to the next~ This 
procedure gives rise to a set of N simultaneous for 
any given time step, where N is the number of nodes in the mesh. The 
equation set for each time step is solved by an iterative process, as 
described by Trescott (1973), in which the computations are processed 
alternately in the x and y directionsG The technique is commonly referred 
to as the iterative-alternating direction-implicit 

The model as described Trescott 
from an source bed, a confining transient 

of water derived from s within the itself" 
The model as used in this study was from 
an source bed as v.1e 11, and for transient of water 
derived from storage in the confining unit .. 

At each node the following information is recorded as data sets 

1) lateral hydraulic conductivity of the modelled 
vertical hydraulic conductivity of the upper confining 
unit and lower confining unit; 

2) specific storage of the modelled aquifer; specific 
storage of the upper and lower confining units; 

3) pumping rate at each node where a production well tapping 
the modelled aquifer is located (A negative value can be 
used to indicate a recharge well); 

4) thickness of aquifer, upper confining unit, and lower 
confining unit; 

5) water-table surface in the overlying aquifer and 
potentiometric head in the underlying aquifer; 

6) dimensions of the elements of the rectangular grid; 

7) initial potentiometric surface of the modelled 

8) rate of change in the potentiometric surface of the 
underlying aquifer9 

The purpose of the program is to calculate the hydraulic head 
in the aquifer as a function of space and time. Numerical values 
and an alphameric contour map of the drawdown in the are printed 
at selected time steps. 
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For a detailed explanation of the method used for the 
finite-difference equations and obtaining approximate solutions of 
partial differential equations see Pinder (1970); Trescott, 9 
and Von Rosenberg (1969). 

Evaluation of the response of an aquifer system to a 
is possible with the simulation model.. Once historic events are 

model and if it is a valid 
, then the simulation 

, can be used to and 
a -water resources 

that can be invest 
the 

1) the rate and of water-level decl over 
the next 10 to 20 years under any 
the modelled 

2) evaluate the effects of increased or decreased -water 
withdrawals at any node in the 

3) evaluate ground-water diversion effects at locat 
before granting such diversions; 

4) evaluate the ground-water supply potential of 
underdeveloped areas; 

5) evaluate the potential of artificial in selected 
areas; 

6) evaluate the effects, on the modelled , of 
the potentiometric surface of the underlying 

SIMULATION OF TilE WENONAH -:tviOUNT LAUREL SYSTEM 

The Wenonah-Mount Laurel d model was deve 
during the study from a hydrologically s model to a more 
complex -mult model with The present 
is based on a computer program Pinder (1 
from the standard model consists of the use of two confin 
adjacent aquifer head distributions, a head 
subjacent aquifer, and the use of variable and 
specific storage for the two confining units., 
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The model was cont sition of new data 
the initial phase These data included 

water levels, , thickness, and 
pumpage for the modelled 
s ~ thickness data for adjacent beds; ' and water-
level declines for the Englishtuwn final model uses a 
47 x 87 node ( 13) variable node ranging from 
1/2 mile to 19 miles~ The half a mile square was used 
for the area with the water-level declines in Monmouth and 
Ocean Counties .. 

Few data are available to dete1.wine the boundaries of 
data 

direct 
northern 
the Atlantic 
and 

also is specified in the model as 
and has been located sufficient far from the 

so that any influence of this boundary on the areas of 
response was insi The southwestern of the 
Delaware Because there is no direct connection between 
the and the bay, and little pumpage takes place from the Wenonah= 
l'1ount Laurel in the southern Coastal Plain, an 
boundary for modelling purposes .. 

The northwestern border of the model coincides with the upper contact 
of the Mount Laurel Sand along its area. The area is 
known to be both a di and area of the 

ic highs are the and the lows are the 
areas and the are not knm;vn 
and the is specified as a constant-head in the modeL, 

Thicknes , ic conduct for 
the Wenonah-Haunt Laurel node in the model 

thickness data set transmis and 
s coefficient arrays each thicknes value by a value 
of hyd:raulic conduct to obtain transmis and 
to obtain storage coefficient. The transmis and coefficient 
values used in the model are shown in figures 14 and 15~ 
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Table 3.--Hydraulic used in the Wenonah-Mount Laurel simulation modt'l 

Hydraulic conductivity 
Specific 

Maximum Minimum sto :age 

ft/sec m/sec ft/sec m/sec m 
-J 

enonah -Mount Laurel l.5 X 10-4 
4.6 X 1.5 X 10-4 

.0 X 6.1 X 

aquifer 

pper confining unit 10-CJ 9.5 X 2.9 X 10-9 10-10 6.0 X l. 8 X 3. X l. 1 X 

ower confining unit 9.9 X 10- 9 
3.0 X 10 -lO 8.0 X 2.4x 10-lO 6.0 X l. 8 X 

A constant average value 3 
in the model. The average value was determined from 33 wel s in the 
study areae A constant specific- value was al used 
in the model to generate a variable storage coefficient for the Wenonah-
Mount Laurel aquifer. The storage values determined from 

tests did not produce enough drawdown as that recorded in the 
field; therefore, in order to increase the declines in the 
area, the specific value was decreased to 2.5 x 
(6~1 x lo-6 m-1). , but equally plausible, 
storage values were tested in the model, producing very litt on 
the drawdown in the 

W

U

L

Thickness, hydraulic conductivity, and specific for each 
confining layer are recorded for all nodes in the model. These data 
are used to compute the coefficients needed to calculate transient and 
steady leakage rates at each node. 

A constant specific-storage value for each confining unit (table 3) 
was used in the model, because it was the least sensitive parameter. 
A constant hydraulic-conductivity value was tried for each confining 
unit that produced poor results. The model indicated that slight ch~nges 
in hydraulic conductivity of confining layers are extremely sensitive and 
produced large drawdown variations in the aquifer. A range in hydraulic 
conductivity for the confining layers was established from lahoratory 
analyses of undisturbed cores. This range was the limit of adjustment 
in hydraulic conductivity for the confining units in the model .. 

Water Table and Potentiometric Head Data 

The 1959 surface for the Wenonah-Mount Laurel 
(f 8) is the initial or starting water-level condition for the stressed 
aquifer in the model for the calibration period. The 1970 potentiometric 
surface (fig. 9) for the Wenonah-Mount Laurel aquifer is the final water-
level condition in the model for the 12-year calibration Water 
levels at more than 40 points were used to construct the 1970 potentiometric 
surface and to calibrate the model. 
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The generalized water-table surface for the unconfined 
aquifer above the upper confining unit (fig .. 16) was constructed from 
topographic maps. Altitudes of selected where streams crossed 
contour lines were and contoured. This surface 
the modela Water-level data from obse~1ation wells 
indicate that the water-table surface did not 
the period 1959-70. Hence, the water-table surface above the upper 
confining unit was held constant for all simulation runs, 

The surface of the 
the unit, was used in the simulation model. 
or the 1.959 potentiometric head 7) .. 
aquifer water levels have been at a rate 8 to 12 ft 
in southern Monmouth-northern Ocean Counties s:» written commun .. 
1974) .. Therefore, in order to simulate more accurate the effect 
declining water levels of the ishtown on the Wenonah-Mount 
Laurel aquifer, the used in the model were 
lowered.. The total decline in the Englishtowu for the calibration 
period 1959-70 is shown in figure 18.. The initial, 1959, head was used 
for the first pumping period.. Thereafter, the head was lowered at each 
node at two-year intervals at a rate equal to the total decline 
divided by six.. This generated a step type of adjustment in the head 
of the Englishtown aquifer at specific intervals the calibration 
period. 

Pumpage Data 

Pumpage data, in million gallons per day, are entered into the model 
for each node with a pumping well or well field. An average rate of 
pumping for each 2-year period was used in the modelo At the start of 
each new pumping period, the average rate of pumping was adjusted to the 
new calculated rate of pumping for the 2-year period being simulated~ 
The simulation model incorporates a total of six 2-year pumping periods 
for the total calibration period. 

CALIBRATION OF THE WENONAH-MOUNT LAUREL SIMULATION MODEL 

The water-level decline computed by the simulation model for the 
period 1959-70 is shown in figure 19. Comparing figure 19 with the 
1959-70 potentiometric-difference map of the Wenonah-Mount Laurel 
aquifer (fig .. 10),. one can see that there is close betwee11 
computed and measured field declines throughout most 
Somewhat different declines near the pumping centers 3 .. 
have been computed by the simulation model than were interpreted from 
a,vailable field data.. The small diffe.rences between the 
field declines result partly from the fact that the location 
wells does not coincide with the center of nodes in the model .. 
Also the small number of available wells (26 wells) that had both 1959 
and 1970 water-level measurements required contouring over 
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large areas.. Water-level altitudes were detennined by field measurements 
and from well records for 1959@ In 1970 water-level measurements were 
repeated in only 26 of the wells that were measured in 1959e Different 
wells in 1959 and 1970 were also used as data points for the construction 
of water-level maps. The altitude of water levels is determined by field 
measurements by measuring depth to water to the tenth of a foot. These 
data are subtracted from the altitude of the land surface as estimated 
from topographic maps with .10 or 20 ft (3.1 or 6 .. 1 m) contours, which may 
cause inaccuracies of 10 ft (3 .. 1 m) or more in the wells where only one 
measurement was obtained in 1959 or in 1970.. Despite the possible 
inaccuracies that may exist in the methodology, the computed total decline 
(fig .. 19) for the calibration period is very similar to the field declines 
(fig .. 10) .. 

Based on the calibration of the model, a test was run to determine 
the effect of leakage between aquifers on the decline of the Wenonah­
Mount Laurel head. The model was run for the 12=year simulation period 
only, with the step-like decline in the Englishtown aquifer and the 
elimination of pumpage in the Wenonah-Mount Laurel aquifer. The results 
of the test indicated that the decline in the Wenonah-Mount Laurel 
aquifer, without purnpage, was about two-thirds of the total decline8 
Therefore, it is concluded that the major cause of the water-level 
decline in the Wenonah-Mount Laurel aquifer can be attributed to the 
stress in the Englishtown aquifer and only one-third of the decline is 
due to direct withdrawals from the Wenonah-Mount Laurel aquifer. 

PREDICTIONS 

The calibrated Wenonah-Mount Laurel simulation model was run for 
an additional 8 years from 1971 to 1978.. The head for the Englishtown 
aquifer for the additional period was lowered at the same annual rate 
as that used fer the period 1959-70.. Figure 20 represents the total 
decline that can be expected from 1959 to 1978 if pumpage from the 
Wenonah-Mount Laurel aquifer remained at the 1970 rate of 2 2 Mgal/d 
(96 dm3/s) and with the same distribution as in table 2; the Englishtown 
heads continued to decline 8 to 12ft (2.4 to 3.7 m) per year in southern 
Monmouth and northern Ocean Counties, 

This prediction indicates that an additional 60 ft (18G3 m) of 
water-level decline can be expected for the Wenonah-Mount Laurel 
at the Englishto~m centers of pumping and an additional 20 ft (6.1 n1) of 
water-level decline will develop on the fringes of the present Wenonah­
Mount Laurel cone of depression from 1971 to 1978 

Model Limitations 

The major limitation of the model is the as that has to 
be made for the Englishtown-aquifer head distribution when future 
conditions are predicted. The model can be used to calculate predicted 
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drawdown due to pumping in the Wenonah-Mount Laurel aquifer if assumptions 
are made during the simulation period that the Englishtown aquifer heads 
will (1) decline at the same rate, (2) stay steady, or (3) decline in a 
specified fashion. These assumptions presuppose that there is some way to 
predict Englishtown aquifer heads that does not involve arbitrary 
assumptions about the Wenonah-Mount Laurel aquifer. 

A more accurate representation of the Wenonah-Mount Laurel aquifer 
would require a multiaquifer model in which the heads, withdrawals, and 
hydraulic parameters of all the interactive aquifers would be includede 
This type of model would be more useful for prediction because the true 
interactive nature of the various parts of the aquifer system could come 
into play without requiring as many assumptions as are necessary when 
modelling any single aquifer. 

SUMMARY AND CONCLUSIONS 

The simulation model of the Wenonah-Mount Laurel aquifer can be used 
to evaluate the aquifer's capabilities of meeting projected future demands 
and to study the cause of the rapidly declining water levels. The modelled 
area includes 1,500 sq mi (3,885 sq km) of the New Jersey Coastal Plain 
and incorporates all the major centers of pumping in Monmouth, Burlington, 
and Ocean Counties. 

-3 2 Transmissivity of the aquifer ranges from 4~2 x 10 ft /sec (3.9 x 
2 2lo-4 m2/sec) to 1.5 x lo- ft /sec (1.5 x lo-3 mL/sec); the estimated 

hydraulic conductivity ranges from about 1.5 x lo-4 ft/sec (4.6 x lo-5 
m/sec) to 2.2 x lo-4 ft/sec (6.7 x lo-5 m/sec); and the storage coefficient 
varies from about 1.5 x lo-5 to 3.5 x lo-4. 

The underlying and overlying confining beds, which have an average 
thickness of 45ft (13.7 m) and 200ft (61 m), respectively, have hydraulic 
conductivities which range from_r o x lo-9 ft/sec (9.1 x lo-10 m/sec) 

1to 2.8 x lo-10 ft/sec (8.5 x 10 m/sec) for the underlying confining 
9 unit and from 2.1 x lo-8 ft/sec (6.4 x lo- m/sec) to 4.9 x lo-ll ft/sec 

(1.5 x lo-ll m/sec) for the overlying unit. Specific storage ranges from 
X X 1 6 1.0 10-4 ft-1 (3.1 10-5 m- ) to 3.4 X 10-6 ft-1 (1.0 X 10- m-1) for 

3 the underlying unit and from 3.3 x lo- ft-1 (1.0 x lo-3 m-1) to 3.1 x lo-6 
ft-1 (9.4 x lo-7 m-1) for the overlying confining unit. 

The annual average rate of withdrawal from the Wenonah-Mount Laurel 
aquifer in Monmouth, Burlington, and Ocean Counties increased from about 
1 Mgal/d (44 dm3/sec) in 1959 to slightly more than 2 Mgal/d (88 dm3/sec) 
in 1970. Near the p1nnping centers in Monmouth County, the water level 
declined as much as 100 ft (30.3 m) between 1959 and 1970. In the 
Englishtown aquifer, underlying the lower confining unit (Marshalltown 
Formation), the annual rate of withdrawal in Monmouth and Ocean Counties 
increased from 5.5 Mgal/d (241 dm3/sec) in 1959 to 9.5 Mgal/d (416 dm3/sec) 
in 1970. Water-level declines for the same period are as much as 140 ft 
(42.7 m) near centers of pllmping. Increased withdrawal from the Englishtown 
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causes increased leakage from the Wenonah-Mount Laurel aquifer. The 
increased leakage from the Wenonah-Mount Laurel, in turn, causes increased 
declines of Wenonah-Mount Laurel water levels, which then induce additional 
release of water from the confining beds above. In the same manner, 
increased withdrawal from the Wenonah-Mount Laurel aquifer affects the 
rate and magnitude of water-level decline in the Englishtown aquifer. 
decrease in head in the Wenonah-Mount Laurel in response to pumping the 
same aquifer causes a decrease or even reversal of the head difference 
between the two aquifers, which, in turn, causes a reduction in the rate 
and volume of leakage into the Englishtown--leakage which. s a 
part of the withdrawals from the Englishtown aquifer. As a result, an 
increase in the rate of water-level decline occurs in the 
aquifer, even with no increase in direct withdrawals. 

Because of the importance of leakage into and out of the lAJenonah­
Mount Laurel aquifer through confining layers, an feature of 
the simulation model is the simulation of the head distribution in the 
aquifers underlying and overlying the confining layers. The Englishtown 
aquifer water-level declines for the 1959-70 period were incorporated in 
the model to generate leakage into the Englishtown ) which is 
the major cause of water-level declines in the Wenonah-Mount Laurel 

The digital simulation model was calibrated by matching computed 
declines in the Wenonah-Mount Laurel aquifer with historic water-level 
declines over the 12-year period, 1959-70. The results of the model 
analysis show that there is significant recharge to the from the 
upper confining unit owing to ptm~.page.. Of equal significance is the effect 
of water-level declines in the Englishtown aquifer, which generate leakage 
from the Wenonah-Mount Laurel aquifer through the lower confining unit 
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