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I. INTRODUCTION AND SUMMARY 

New Jersey's ground water supply has, in past years, been taken pretty much 

for granted. But recently public attention has begun to focus on this invisible 

but vital resource because of the threat and reality of contamination in many 

parts of the state. Some protective changes in public policy have resulted. 

Now, in many parts of New Jersey, there exists a new set of circumstances 

that shows signs of stressing the very supply of water in the ground, rather than 

its quality. The circumstances result from the fact that exurban growth is occur-

ring over areas underlain by hard rock, where there is very little ground water. 

And, this development is occurring at densities far too low to allow the economic 

provision of public water service. 

In central New Jersey there has been significant growth in employment along 

the major suburban highway corridors - Route 287, Route 22, Route 1, for example. 

With growing employment has come a corresponding demand for housing in outlying 

rural townships. Rural residential developments are generally served by on-site 

wells and septic systems. 

Such an area is the vicinity of the Sourland Mountain in Somerset, Mercer, and 

Hunterdon Counties. Here, residential development has been accompanied by a growing 

number of documented instances of well failure - a cause for serious public concern 

if one considers the expense of drilling a well and building a home only to find 

that the well is not adequate and public water unavailable. 



A shift in the type of agricultural production toward more intensive culti-
. . ,• 

vation of fruits an vegetables may also.cc,mpourid the ground water supply problem 

·.·in· the future. The e · crops require irrigation, and a new "tr~ckle'' irrigaiion 

t~chnology has made interisiveprodu,ction:feasible in loc~dons where it.would not 

have been before, •8 suming a water ~llpply is available. 

In Bucks and tgomery. Counties, Pennsylvania, where exurban development has 

procee~ed farther ta~ it lla~ in central New Jersey, ground water withdrawal al-

ready exceeds the c pabiliiy iof · the' aquifer tQ replenish itself :1 Public supply · 

wells at.e in some c se13 threatened, a:nd stream flows have di~inished. This .is par-

ticularJy significa t because geol~gic conditions iri. these coutities are very simi-
. : .·. _-·. ·. . .· ,•. . . 

.. lar . to tbose i~ cen ral New Jersey •. . ... ._ ... ·. ,-: 
. .. ~· . : -· 

Before turning to the specifics of t~isstudy, a review of ,some import.int 
. •, 

characteristics 9f he.groundwater system is.in order. First, ground·and surface 
•' ... ·._ .. 

water are connected as·elements of what we .have come to know as the natural water 
. . ' \ . . 

··. cycle (see Figure l • While theJ:"e_ may be a large amount of ~ater· in storage in· 

. 'uie ground, th{s 11r. servoir" is ~eplenis~ed · only "y some fraction of th.e rainfall. 

that makes its .w~y . own through the:soil. 'it ''recharge'' is.riot maintained, ~he. 

ground water rese oi'I' will dimiriish. ·Likewise, the re~eivoir vill dimish if an 

excessive am6unt is withcka~ through \Jells.>. 

·_._·._-· ... ·· .. · ··.' '-::;_ .. ·· -.. : 

Second,groun water feeds streams. In the summer months; the flow of ground 
. . '.• . ,. •. 

:wat~r is virtually the otily source o~ stream flow. Thus, i;;urface. water and ground 

~ater ,ar~ intimate y Jriterrelated, thcju~h. the. latt.e:t maf be invisible. 

'the Sourland . ountain study area is underlain .by hard J:ocks ,. with ;er:y .. little 

. .. .. 

1:R. E. Wright Asso iates, Inc; Special Ground Wat~r Study of· t~e M:i.ddle Delaware 
River Basin Stud · Area II, for the Delaware River Ba.sin .Commission.· .. See Volume . 

. IV, plate.22. 
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room for storage of water except in areas where the rock may be fractured. 

Ground water availability, while low overall, is highly variable from place to 

place. Also, while geological maps may appear to delineate areas of varying 

rock types very precisely, these areas are for the most part poorly differenti-

ated - blending into one another gradually. From a ground water supply stand-

point, some areas may be very much better off than the map would indicate while 

other areas may be very much worse off. 

Thus, the challenge for public policy is to evolve effective means of regu-

lating ground water withdrawal under circumstances where very little is accurate-

ly known about the limits of the natural system. 

In 1981, the New Jersey Legislature declared that 11 • the water resources 

of the state are public assets of the State held in trust for its citizens •.. " 

and" that ownership of these assets is in the state as trustee of the people;"2 

Our ground water supply cries out for responsible governmental management. With so 

limited a supply, at least in the-area of this study and similar areas, and with 

a growing demand, the time has come for the various levels of government to exer-

cise their responsibility. The risk that overdevelopment may not be evident for 

many years in the future underscores the need for effective action now. 

Fortunately, as this report points out, the powers of government under exist-

ing statutes are for the most part equal to the task. While state government has 

authority under the Water Supply Management Act of 1981 to regulate ground water 

withdrawals, local government has similar powers. Because the use of ground 

water is so intimately related to land development, which at present falls under 

2 ·water Supply Management Act of 1981, N.J.S.A. 53:1:01 et~-
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the purview of loca government administration in New Jersey, the greater burden 

of ground .water :reg lation appropriately falls on municipal shoulders. 

This report wa initiated as a result of documented instances of well deple-

tion in Hillsboroug and Hopewell Townships. While the problems occurred in the 

area knm.n as the urlandMountain, a somewhat larger area was included in the 

study in order to basis for comparison. Further, the New Jersey Department 

of Environmental Pr tection asked for a methodology that would be of general appli-
. . 

cability to areas e sewhere in New Jersey where similar problems have occurred or 

are likely tO occur 

This report co ences with a general description of the ground water system. 

It then reviews the various data available regarding the water resources of the 

study area. 

that can be 

II concludes with reconnnendations regarding the amount·of water 

from the ground on a unit area b.asis. 

. . 

Section 1II. is a discussion of the state and local government authority for 

the regulation of round water resources. Section IV presents elements of a model 

ordinance that d designate special ground water protection areas and specify 

local government p ocedures for regulating withdrawal of ground water within them. 

The princ;ipal findings and reconnnendations of this report are summarized below. 

• The v cinity of the Sourland Mountain area in Somerset, 
·Merce, and Hunterdon Counties has one of the poorest 
groun water supplies.in New Jersey. 

• With nstances of well depletion in Hillsborough and 
.Hopew llTownships and reports of diminished stream 
.flows.in some areas, there is eviderice that over-deve-
lopme t is beginning to stress the gnmnd water supply. 
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• 'J,'here is considerable variability in study area rock 
types, and delineation of formations.is not always. 
as precise as may appear 011 a map. 

•·Areas underlain by diabase and argillite have signi-
ficantly lower ground water yields than areas under-
lain. by other rock types •... These yields are lower 
than had previously been estimated. •These areas 
should be designated "low ground water yield areas" 
by the municipalities. 

• Within "low ground water yield areas" low average 
development densities should be adopted in municipal 
planning and zoning regulations. Because these broad 
averages do not adequately reflect the considerable 
variability of natural conditions, special review pro-
cedures for development applications should be adopted 
by the municipalities. 

• The New Jersey Department of Environmental Protection 
should adopt an administrative procedure for making 
its technical resources available to the municipalities 
in the review of development applications on a· timely .· 
basis. 

• Reguiatory procedures providing for the designation of 
special ground water protection areas and the.applica-
tion of special development review procedures .within 
.them in the event of municipal failure to protect the 
ground water resource, should be adopted by the Depart-
ment of Envir.onmental Protection.· 

. . .. 

It· should be· emph~sized that there•: is very little data av~dlable regarding 

ground water in the Sourlands study area and that little is known about the effect 

of land development upon this critical resource. Even.the measures recommendedin 

this · report may not prove adequate to protect the resource · from irrepa_rable harin 

caused by overdevelopment. Only cautious policies by municipal and state regula-

tory agencies, a commitment. to increased monitoring and data collection, and i~-

creased attention by policy-makers will lead to. effective public polic:y in the 

area of ground water management.· 





II. GROUND WATER HYDROLOGY 

A. Ground Water Hydrology: An Introduction 

Ground water is that fraction of the precipitation on the land surface 

that has worked its way downward by gravity through the soil and into the 

underlying bedrock. The source of ground water in the study area is the pre-

cipitation that falls within the confines of the area. It is presumed that 

the ground water divides are the same as the surface water divides; therefore, 

the amount of water entering the area from outside the study area boundaries 

may be considered to be almost zero. 

Precipitation is part of the hydrologic cycle (see Figure 1). The distri-

bution of precipitation in the hydrologic cycle can be explained by the hydro-

logic budget equation, as follows: 

P+E+R+.6S 

where p = precipitation 

E = evapotranspiration 

R = total runoff or stream.flow 

.6 s = change in ground-water storage 

The zone of saturation. consists of rock fractures and pores filled with 

ground water (see Figure 2). The zone of aeration, in which water does not 

Note: This section was researched and written by Robert M. Bordon, PhD. 
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Figure 1. Hydrologic Cycle. 

Figure . 2. Subsurface 
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fully saturate the pores, lies above the zone of saturation. Water is held in 

the soil-moisture belt by capillary force in tiny films adhering to the soil par-

ticles. The same condition occurs in the intermediate belt within the zone of 

aeration. The reason for distinguishing these two belts is that the soil-mois-

ture belt is usable by plants whereas the intermediate belt is too deep for capil-

lary water to be returned to the atmosphere by evapotranspiration (Strahler, 1975). 

The zone of aeration may be very shallow or even missing in swampy areas, 

or it can be several hundred feet thick in hilly regions where the water table 

is far below the surface. 

The subsurface part of the hydrologic cycle is completed when the ground 

water seeps out along lines or zones where the ground surface is intersected by 

the water table, as in stream channels and lake floors. Over time, the ground 

water must leave the area to balance the new inputs of water which is percolat-

ing through the zone of aeration. 

The theoretical paths of ground water flow are shown in Figure 3. Ground 

water follows paths which are curved concavely upward. Water that enters the 

slope midway between the divide at the top of the hill and the stream flows to-

wards the stream valley. The most rapid flow occurs close to the line of dis-

charge in the stream, where the arrows converge (see Figure 3). 

The water table marks the upper boundary of the zone of saturation and con-

forms to the surface topography (see Figure 4). The water table will rise after 

recharge during a wet period and decline during a long drought. 

Unconfined ground water in contact with the atmosphere occurs under water-



..,. 9 -

Ground water divide 

Theoretical P ths · Ground Water Flow. 

---
-------

Figure. 4. Water. Table. luctuations, 

-·-----_. ' ---
Well dry 
alter draught 

... _. .. ·. ·, ... 
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table conditions. Variations in precipitation, evapotranspiration, and pump-

ing will cause water level fluctuations in a water-table well. 

Ground water can also be confined under pressure beneath a relatively im-

permeable zone or formation (acquiclude), resulting in artesian conditions. 

The piezometric surface is the level to which the water would rise in a well tap-

ping an artesian or confined aquifer. 

In fractured rock systems, water in the lower fractures may be partially 

confined. This situation creates semi-artesian (or semi-confined) conditions. 

Thus, ground water can exist in an area in a combination of unconfined, semi-

confined and confined conditions. This results in increased difficulty for 

predicting ground-water movement. 

Porosity and permeability are important properties of rocks that relate 

directly to the occurrence and movement of ground-water. Porosity is the per-

centage of open space in a rock and is therefore related to the amount of water 

that can be stored therein. Permeability refers to the ease of water transfer 

through a given earth material based upon the interconnection of the open spaces 

in the material. 

Consolidated rock formations have generally low porosities as compared to 

unconsolidated coastal plain or glacial outwash deposits. Most of the water 

in consolidated formations is contained in the cracks and fractures within 

the rock (which is called "secondary porosity"). Because most of the cracks 

and fractures are small and poorly interconnected within these formations, per-

meability is low. 

Ground water generally moves vertically downward in the zone of aeration. 



Below the water tabl in the zone of saturation,. it moves laterally to natur-

al discharge points long the stream valleys. 

ed from a well, the water level in the well drops and 

the adjacent water t ble is lowered in the shape of a conical surface which is 

called the cone of pression (see Figure 5). The height of the cone of de-

pression is called e drawdown •. Wells that·are too close can result in inter-

secting cones of dep ession which can lower the regional water table. 

A well can 

Figure 6). The 

rock formations, si 

tures is generally 

with another well by affecting its water level (see 

of the interference is difficult to predict in fractured 

the degree of interconnection and·the alignment of frac-

known in sufficient detail. For example, Kasabach (1966) 

refers to apumping test in weathered precambrian crystalline rocks in Tewksbury 

Township County where.a.we11·450 feet away from a pumped well was 

affected (i.e., wat r level decline). 

B Geolo Area 
. ,. . . 

Physiographica ly, New Jersey ma:/ be divided into four distinct "provinces": 

1) the Coastal. Plai , 2) the Piedmont Plain, 3) the Highlands, and 4) the Appala~ 
\. . 

chian Ridge and Val ey Section (seeFigure 7). 

The Piedmont Pain borders the Coastal Plain on the northwest and forms the 

continuation from t e · southern Atlantic states of a diss.ected plateau area, 

although in New Jer ey .it bears a c:loser rese'!Ablance to a plain than a plateau. 
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The rocks of this area are harder than those of the Coastal Plain, and were 

deposited in a horizontal position, but now dip to the northwest (see Figure 

8). They consist of interbedded red sandstones and shales which are cut by 

belts of harder trap rock - the latter constituting the present ridges, such 

as the Watchungs, Palisades, and the Sourland Mountains. These rocks are of 

Triassic age. 

The Sourland Mountains extend from the Delaware River to Hillsborough 

Township in Somerset County (see Figure 9). They are composed of diabase and 

argillite: which are extremely resistant to erosion, thereby forming low but 

prominent ridges. Diabase is an igneous intrusive rock which has been quarried 

for years to construct seawalls and jetties along the coast. Its resistance 

to mechanical wear also makes diabase very useful as crushed stone or gravel-

sized aggregate in highway construction (Wolfe, 1977). Most of the Diabase 

in the Sourland Mountains is in Hunterdon County, with smaller areas in Somerset 

and Mercer Counties. 

The Lockatong Formation consists of argillite which interfinge:rs extensive-

ly with the Stockton Sandstone and Brunswick Shale formations (Kasabach, 1966). 

The argillite is much more resistant to weathering and erosion than the sand-

stone and shale formations. Like diabase, the argillite is a ridge former. 

The Lockatong Formation underlies most of the Hunterdon Plateau and Sourland Moun-

tain • 

. The Sourlands study area (see Figure 9) covers nearly 817 square miles of 

which nearly 38 percent consists of diabase and argillite (see Table 1). For pur-

poses of geohydrologic comparison, adjoining areas underlain by Brunswick Shale and 

Stockton Sandstone Formations were included in the analysis. The topography · 

of the Sourlands is shown in Figure 10. 



· I Ttl I 
I' 
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HORIZONTAL SCALE l11 =Jmile VE.RTICAL SCALE 1"•500' 
VERTICAL EXAGGERATION 10 
Thin mantle of Pleistocene not shown• 

db - Diabase (intrusive l · 
b - Brunsw~k Shale 

1H - Lockatong Argillite 
~s- Stockton Sandstone 

Source: Geology of the Ground Water Resources of Mercer County, 
Kemble Widner, 1965 

Figure 8 ... Geologic Profile of Study Area.·· 
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Table 1 

EXTENT OF GEOLOGICAL FORMATIONS IN STUDY AREA 

Symbol 2 
Geologic Formations Area (mi. ) Percent of Total 

Bruns,dck Shale Trb 468.81 57.4 

Lock.a tong Argillite Trl 186.35 22.8 

Diabase Trdb 122.68 15.0 

Stockton Sandstone Trs 32.45 4.0 

Baked Shale Trba 6.37 0.8 
816.66 100.0 

NOTE: areas plan imetered on base map at a scale of l" 
overlay maps at a scale of l" = 1 mile. 

2000' from NJDEP geologic 

Geologic Formations 

Stockton Sandstone 

Bruns,.:ick Shale 

Lock.a tong Argillite 

Diabase 

Total 

Table 2 
TOTAL NlJMBER OF WELLS IN 

THE SOURlAl\'D MOU1''TAIN AREA 

Total 
Number of 

Wells 

106 

327 

950 

215 

1598 

Number 
of Domestic 

Wells 

97 

308 

927 

213 

1545 

Domestic Wells 
as a Percent 
of the total 

91.5 

94.2 

97.6 

99.1 

96. 7 

Source: Calculated by R. M. Herdon from records obtained from 
NJDEP, Trenton. 
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Argillite and iabase have practically no primary porosity. What little 

ground water is con ained in the formations is available only within the re-

latively few fractu es and joints which tend to be widely spaced. Both form-

ations have been fond to be among the worst in the entire state in terms of 

ground water yield (Kasabach, 1966). Better yielding wells are invariably 

associated with faul~s or with an overlying weathered zone. Most of the ground 

water occurs under· ater-table (unconfined) conditions. 

.. 

Although the runswick Shale has abo1,1t the same primary porosity as the 

Lockatong argillit , it is much more fractured and therefore has a higher second-

ary porosity. Wel 

age than wells 

yields in the shale can be expected to be higher on the aver-

led in the argillite and diabase. However, the Brunswick 

Shale formation wh ch extends from the Delaware River through Central New Jer-

sey to Bergen Coun y and beyond into New York State varies in composition from 

southwest to north ast. The formation has more sandstone in the northeastern 

part of the state han in the area around the Sourlands; consequently, the 

groundwater yield ould tend to be higher in those portions which have more sand-

stone. The northe 

deposits which act 

formation. Thus, 

portion of the Brunswick Shale also benefits from glacial 

a "sponge" and allow more water to infiltrate into the 

Brunswick Shale in the vicinity of the Sourlands is a 

worse aquifer than the same formation further north in the state. 

The Stockton andstone formation is one of the better aquifers in the area. 

Both primary and econdary porosity are higher than in adjoining formations. 

Ground wat1fr usua ly occurs under water-table conditions (Kasabach, 1966). 

Since ater in all four formations (sandstone, shale, diabase and 

argillite) occurs mostly in the void space of the fractured rock, well yields 
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can be highly variable as the "internal plumbing" of the bedrock is not homo-

geneous. This means that yields will be much higher for wells located on or 

near fractures. An even better location for wells would be at the intersec-

tion of a set of interconnected fractures. 

In fractured formations, groundwater movement is controlled by the distri-

bution, degree of interconnection, and orientation of joints, faults and bed-

ding planes. These fractured aquifers are strongly heterogeneous and anistrop-

ic, that i~ groundwater flow is structurally controlled and includes the follow-

ing aspects (Meiser and Earl, 1982): 

a) Cones of depression are irregular and elongate. 

b) Wells can interfere dramatically with one another when 
they are located in the same fracture system. 

c) Groundwater flow rates in well-developed fracture zones 
can be several orders of magnitude greater than flow in 
poorly jointed, dense bedrock. 

d) Groundwater usually flows in a direction orthogonal to 
water-table contours. However, the actual path may be 
much more complex in fractured rocks when one considers 
the orientation of bedding planes. 

The location of fracture traces within an aquifer would be very useful in-

formation to a community. Presumably, wells located near a fracture zone would 

have higher yields. Pendleton (1969) prepared a fracture trace map of the 

Triassic rocks in Mercer County. His objective was to delineate areas of poten-

tial high groundwater productivity. In a study of groundwater conditions within 

the middle portion of the Delaware River basin, Wright (1982) delineated earth 

lineaments in the bedrock formations by using satellite imagery at a scale 

of 1:250,000. In the Wright study, earth-fracture traces were del;ineated 

for two study basins in Pennsylvania by oblique-angle examination of black and 

white aerial photographs at a scale of 1" = 2000' (Little Neshaminy Creek basin) 
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and 1" = 1670' (Litt e Lehigh Creek basin). Both Pendleton (1969) and Wright 

(1982) found that we 1 yields were substantially better in the vicinity of 

fracture zones. 

Fracture traces of a portion of Sourland Mountain were also delineated as 

part of this study. Black and white aerial photographs at a scale of 1:40,000 

(l" - 3333') were us d. The fracture traces were then transferred to a 1:24,000 

(1" = 2000') base ma of the Sourlands (see Figure 11). Well locations were 

initially plotted on a 1:63,360 (l" = 1 mile) map and then transferred to the 

1: 24,000 base map. 

An examination f the relationship between well performance parameters and 

distance to a fractu e trace was inconclusive, partly because well locations 

were not recorded e ctly and domestic well records with limited reliability had 

to be used. Also, any fracture traces were identified in portions of the 

study area where th re were simply no well records available within a reasonable 

distance. The deli eation of fracture traces and the locating of wells at dif-

ferent scales also resented a problem in interpretation. 

However~ fract re trace information developed as a part of this project and 

that developed by P ndleton (1969) for Mercer County are available as an import-

ant point of depart re for site analysis as recommended in Section III (c) of· 

this report. 

... 

The hydro logic 1;,oil groups·· for the Sourlands are shown in Figure 12 which in-

dicates the infiltr tion characteristics of the vario~ soils in the area. 

C. Well Record Analysis 

In a U. S. Geo ogical Survey study of evaluating well yields in consolidated 

-,. 
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rocks from Virginia to Maine,Cederstrom (1972) states that industrial and munici-

pal well yields are the most reliable indicators of the water-yielding potential 
. . .. ·-. . 

.of these formations.· Th~se nondomestic wells are drilled to develop_a maximum 

supply of water. They are generally deeper than domestic wells and. tnay there""'. 

fore intersect several water'."'"bearing zones in the consolidated rock formations. 

In addition, the non-domestic wells are often 8" or more in diameter which al-

lows a greater drawdown and consequently a higher potential yield. 

In contrast, domestic wells are drilled to the depth where enough water to 

satisy a. typical residential family is obtained. The wells are 611 in diameter 

and are often not located in the best position with regard to geologic structure 

(e.g., fracture traces). In additi~n,_domestic well records as recordedby well 

drillers often contain only depth and yield information and may not even be pro-

perly located on large-scale maps. Pumping tests, if they are reported, are 

often only 1 or 2 hours long which obviously affects the reliability of yield data. 

It would be very nice to follow Cederstrom;s advice and use. only non-domes-

tic well records to evaluate the groundwater potential of the Sourland Mountain area. 

However, the vast majority of the weli'ft'~cords (nearly 97 percent; see Table 2) in 

the study area are domestic and are the only ones available for use. However, as 

discusses in this section, attention will be given to those wells for whi.ch pump-. ' . - . 
. . . . . ·._ .. ·. . . 

ing tests of 4 hours or more are .available on the grounds that those records· 

are generally more reliable to work with •. In addition, published well recorps 
. . 

for similar geologic·formations in Hunterdon and Mercer Counties which have 

more reliable information will be used in the ground water evaluation process. 
. . . . . ,,· 

. . 

. Nearly 1600 well records from. the Sourland Mountain area were obtained .from 

the files in N)DEP, Trenton, as background data.for this.project (see Figures 13, 14, 

& 15) •. Specific_capacity.'\Jas calculated only in those instances where pumping tests : 
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were reported for 4 hours or more. 

Analysis of the well records results in the following major conclusions: 

a) The bulk of the wells were drilled in argillite (nearly 
60 percent), but the other formations are fairly well re-
presented (see Table 2). 

b) Median yields ranged from a low of 5 and 7 gpm for the dia-
base and argillite formations, respectively, to 12 and 20 
gptn for the shale and sandstone, respectively (see Table 3 
and Figure 16). 

c) Median well depths ranged from 125 feet (diabase and sand-
stone) to 175 feet for argillite (see Table 3). 

d) Median specific capacity values ranged over nearly an order 
of magnitude, from 0.055 gpm/foot for the argillite to a 
high of 0.343 gpm/foot for the sandstone (see Table 3 and 
Figure 17). 

e) Well yields were always greater for the sandstone and shale 
formations as comparedto·the diabase and argillite for all 
levels of exceedence probability when plotted on logarithmic 
probability paper (see Figure 18). 

f) The differences among the formations in terms of well depths 
when plotted on logarithmic probability paper were relatively 
small (see Figure 19). 

g) Wells drilled in the sandstone and shale formations had higher 
specific capacity values for all exceedence probability levels 
when plotted on logarit'h~ic probability paper as compared to 

· the diabase and argillite (see Figure 20). 

In short, it is apparent from analysis of the well records that the ground-

water potential for the argillite and diabase formations is substantially less 

than the sandstone arid shale formations. This difference in aquifer character-

istics is of course attributable to the extremely low primary and secondary por-

osity of the very dense and hard argillite and diabase. 

As indicated before, published well records for similar formations in 

Hunterdon and Mercer Counties were also analyzed in order to provide a better data 

base. As shown in Table 4, the bulk of the wells in Hunterdon County from the 
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Table 3 

MEDIAN YIELD, DEPTH AND SPECIFIC CAPACITY 
V UES FOR WELLS IN THE SOURLAND MOUNTAIN AREA 

Geological Fonna ion Median Yield 
(gpm) 

Median Depth 
(Feet) 

Median Specific 
Capacity 

(gpm/foot) 

Stockton Sandsto e 20 125 0.343 
(N=l05) (N=106) {N-<54) 

Brunswick Shale 12 150 0.238 
{N=323) (t+-327) {N=112) 

Lockatong Argill ·te 7 175 0.055 
(N=949) (N= 950) (N=426) 

Diabase 5 125 0.067 
(N=213) (N•215) (N=91) 

Total Number 
of Wells 1590 1598 683 

Source: Calculated by R. M. Herdon from records obtained from NJDEP, Trenton. 
Median specific capacity values pertain only to those domestic wells 
which ad reported pumping tests of 4 hours or more. 

Geological Fo 

Stockton Sandst 

Brunswick Shale 

Lock.a.tong Argil 

Diabase 

Total 

Table 4 

TOTAL NUMBER OF WELLS IN SELECTED 
FORMATIONS IN HUNTERDON COUNTY, N .. J. 

tion. 

ne 

lite 

Total 
Number of 

Wells 

124 

471 

119 

35 

749 

Number 
of Domestic 

Wells 

123 

442 

115 

32 

712 

Domestic Wells 
as a Percent 
of the total 

99.2 

93.8 

96.6 

91.~ 

95.1 

Source: Kasab ch (1966). Numbers pertain only to those domestic and non-domestic 
wells which had reported pumping tests of 4 hours or more. {Calculations 
by R. M. Herdon). 
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A B C D 

Figure 16. Median Yields. 

A B C D 

Figure 17. Median Specific Capacity. 
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same formations as in the Sourland Mountain area are domestic (95 percent). 

Note that there is some overlap between the Sourland Mountain area wells and 

those in Hunterdon County, since some wells may be on both lists. 

Median yield, depth and specific capacity information for selected wells 

in Hunterdon County, N. J. are shown in Table 5. Again, the wells in the argil-

lite and diabase show substantially poorer yields than those drilled in the 

shale and sandstone. 

A similar analysis of domestic and non-domestic wells in Mercer County 

which had reported pump tests of 4 hours or more revealed that although the 

bulk of the wells are domestic (76.4 percent), a larger proportion of the wells 

in the sandstone are non-domestic as compared to Hunterdon County (see Tables 4 

and 6); 60.4 percent in Mercer vs. 99.2 percent in Hunterdon. Non-domestic wells 

are generally 8" in diameter or greater and consequently have higher yield and 

specific capacity values. Note the median yield and specific capacity of 30 

gpm and 1.109 gpm/foot, respectively, for the sandstone wells in Mercer County 

(see Table 7) as compared to 16 gpm and 0.40 gpm/foot, respectively, for the 

sandstone wells in Hunterdon County (see Table 5). The difference in well per-

formance is partially attributed to the inclusion of more non-domestic wells in 

Mercer County as compared to Hunterdon County. 

Comment was made earlier about the possible overlap among the data sets 

of the Sourland Mountain area, Hunterdon and Mercer Counties. This overlap 

is conceded, but the Sourland Mountain area data set was recently obtained from 

the files of NJDEP in Trenton whereas the Mercer and Hunterdon County ground 

water reports were published in 1965 and 1966, respectively. Therefore, the 

Sourland Mountain area data set has more than a decade and a half of new inform-
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Table 5 

MEDIAN YIELD, DEPTH AND SPECIFIC 
IN RMATION FOR SELECTED WELLS IN HUNTERDON COUNTY NJ 

Geologic Forma ion 

Stockton Sands one 
(N=l24) 

Bnms.;ick Shal 
(N=l24) 

Lockatong Argi lite 
(?.'=4 71) 

Diabase (N=~S) 

Median Yield 
(gpm) 

16 

18 

9 

5 

Median Depth 
(feet) 

125 

150 

153 

116 

Median Specific. 
Capacity 

(gpm/foot) 

0.40 

0.74 

0.111 

0.08 

Source: Kasab ch (1966). Numbers pertain only to those domestic and 
non-domestic wells which had reported pumping tests of 4 hours 
or more. (Calculations by R. M. Bordon). 

Geologic Fo tion 

Stockton Sand tone 

Bruns.,ick Sha e 

Lock.atong Arg llite 

Diabase 

Total 

Table 6 

TOTAL NUMBER OF WELLS IN 
SELECTED FOR.1'1ATIONS IN MERCER COUNTY, NJ 

Total Number Domestic Wells 
of Domestic as a Percent Number of Wells of the total Wells 

101 61 60.4 

90 76 84.4 

48 43 89.6 

11 11 100.0 

250 191 76.4 

Source: WidmLr (1965). Numbers pertain only to those domestic and non-domestic 
well which had reported pumping tests of 4 hours or more. {Calcula-
tions by R. M. Bordon). 
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Table 7 

MEDIAN YIELD, DEPTH AND SPECIFIC CAPACITY 
INFORMATION FOR SELECTED WELLS IN MERCER COUNTY, NJ 

Geologic Formation Median Yield Median Depth Median Specific 
(gpm) (Feet) · Capacity 

(gpm/foot) 

Stockton· Sandstone 30 150 1.109 
(N=l0l) 

Brunswick Shale 17 175 0.30 
(N=90) 

Lockatong Argillite 10 155 0.117 
(N=48) 

Diabase (N=ll) 6 100 0.143 

Source: Widmer (1965). Numbers pertain only to those domestic and non-domestic 
wells which had reported pumping tests of 4 hours or more. (Calcula-
tions by R. M. Bordon). 
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ation that has bee analyzed. 

With the exce tion of median yield and depth information for the Sourland 

Mountain area, all of the other values in Tables 3 to 7 pertain only to domes-

tic and non-domest c well records which had reported pump tests of 4 hours or 

more. Although th re is nothing magical about a 4-hour pump test, it is gener-

ally agreed that t e longer the pump test, the more reliable the yield and 

drawdown data. For hours is a compromise threshold which at least screens 

out some of the le ser reliable domestic well records. 

In sum, analy is of selected domestic and non-domestic wells in the Sour-

land Mountain area, Hunterdon and Mercer Counties indicates that the median 

yield and specific capacity of wells drilled in the diabase and argillite are 

substantially lowe than those wells drilled in the shale and sandstone. This 

information is not only of importance itself, but it can be used to quantify 

aquifer characteristics by comparing well ratios by formation. This procedure 

will be employed a later section of this report as another means of estimat-

ing ground water ields on an areal basis (gpd/mi. 2). 

D. Hydrograph Separation Analysis 

A stream hyd ograph is a plot of stream discharge (in ft 3/sec or mgd/mi2) 

against time at a gaging station within a watershed. Following a precipitation 

event, the hydrog aph will typically show a steep rising limb (period before the 

peak) and a more ently sloping fallin,g limb (period after the peak). A daily 

stream hydrograph would have each day on the abscissa (X-axis) and mean daily dis-

charge on the ord"nate (Y-axis) (see Figure 21). 

A hydrograph can theoretically be divided into a number of components, 

such as channel p ecipitation, overland flow, interflow through the unsaturated 
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zone, and baseflow from the saturated zone~ These procedures can be simpli-

fied by separating the hydrograph into direct runoff or stormflow (which 

lumps together channel precipitation, overland flow and interflow) and base-

flow (Ward, 1975)~ 

One reason for separating the hydrograph into only stormflow and base-

flow is the enormous difficulty in estimating the other components of hydro-

graph. Indeed, there is so much difficulty in estimating baseflow from the 

hydrograph so that expending time in estimating interflow (that flow in the 

soil column above the water table) may not.be warranted. Another reason is 

that we are only interested in the baseflow portion of the hydrograph for 

purposes of groundwater yield estimation. 

Dunne and Leopold (1978) note that all of the hydrograph separation tech-

niques are judgemental and may be related in varying degrees to ·the physical 

processes generating the hydrograph. However, they concluded that so long as one 

method is employed consistently, reasonable results can be obtained. 

Three methods of hydrograph separation are shown schematically in Figure 

:21 (Dunne and Leopold, 1978). 

a) The pre-storm baseflow is projected under the peak of 
the. hydrograph (Figure 21--A). A separation line is 
drawn from a point beneath .the peak to a point on the 
recession limb that is N days after the peak in accord-
ance with the following formula suggested by Linsley, 
Kohler and Paulhus (1958): 

N A o.2 = 

where N = number of days after the storm peak 

A = area of watershed in square miles 

b) · The hydrograph is plotted on semi-logarithmic paper with 
discharge on the logarithmic scale (Y-axis). A straight 
line is fitted to the lower part of the recession limb 
and projected backwards.to a point under the peak.· Aris-
ing limb for the baseflow is drawn to meet the projected 
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separation line (Figure 21-B). 

c) A separation line is drawn from the point of initial rise 
to the recess:lon l:i.mb. Th~s separation line should rise 
at the rate of 0.05 cfs/mi /hour and is appropriate for 
watersheds smaller than 20 square miles (Figure 21-c). 

A modified form of the hydrograph separation procedures shown.in Figures 

21 A and B was employed in this study. The actual steps, using the Stony Brook 

at Princeton as an example, were as follows: 

a) The average discharge for each year during the period of 
record is ranked in descending order as shown in Table 8. 

b) The exceedence probability in percent for each ranked year 
is calculated by the following· equation: 

p = m/n+l (100) 

where p = exceedence proh~bility in percent 

m = rank 1 through n. 

n = number of years in the study period 

c) The calculated exceedence probability values from Table 8 
are then plotted on arithmetic probability paper {Figure 22). 
Note that the annual discharge values are close to a straight 
line, indicating a normal distribution. 

d) The year which is clbsest to the 90 percent point (or 1 year 
in 10) is selected for hydrograph separation. In the case 
of the Stony Brook at. Princeton, 1959 came closest to the 90 
percent point (see Table 8 and Fig. 2 2). 

e) The same procedure was followed for the Royce Brook Tributary 
near Belle Mead (underlain by Brunswick shale) and the Stony 
Brook at Glenmoore (71 percent argillite and diabase). Note 
that a synthetic hydrograph had to be developed for the Stony 
Brook at Glenmoore since it is only a partial-record station. 
The estimating equations used by the U.S. Geological Survey 
for this and other partial-record stations were obtained from 
the District Office in Trenton. 

The mean daily discharge values for the years selected were plotted on semi-

logarithmic paper and baseflow was estimated for each day by using a modified 

form of the hydr_ograph separation procedures shown in Figure 21 A and B. The 
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Table 8 

STON BROOK AT PRINCETON: PROBABILITY PLOTTING DATA 

Exceedence probability 
Average in Percent 

Calendar Discharge m (100) 
Rank (m) (cfs) p .. 

Year n + l 

1 1979 115 3.6 

2 75 111 7.1 

3 73 98.l 10.7 
4 71 96.1 14 .3 

5 72 95 17.9 

6 67 82 21.4 

7 58 77.8 25.0 

8 61 77.5 28.6 

9 78 69.8 32. l 

10 74 69.6 35.7 

11 60 65.3 39.3 

12 69 63.3 42.9 

13 77 62.9 46.4 

14 55 62.4 50.0 

15 62 60.8 53.6 

16 56 59.2 57.l 

17 70 58.9 60.7 

18 68 50.6 64.3 

19 64 .48.4 67.9 

20 80 47.6 71.4 

21 54 44.7 75.0 

22 66 43.6 78.6 

23 57 42.9 82.l 

24 76 41.7 85.7 

25 59 40.4 89.3 

26 63 32.8 92.9 

27 65 27.7 96.4 

Kean 64.6 

Standard Devis ion 23.3 

Coefficient of Variation 36.0 
(Percent) 
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daily baseflow valu s were then cumulated and an average value for the year 

was calculated. Th results are shown in Table 9 where the baseflow for the 

Stony Brook at Prin eton is estimated to be 0.119 mgd/mi2 for a recurrence 

interval of 1 year 10. Note that the corresponding points on the flow-

duration curve are 11 about 69-70 percent for the three watersheds. 

A much more el borate hydrograph separation analysis of watersheds drain-

ing consolidated rock formations in New Jersey was made by Posten (1982). In 

brief, his methodology was as follows: 

a) Sele 
form 
have 
year 
only 
in P 
Hunt 

b) Rank 
cuss 
prob 
high 

c) Post 
tot 
oft 
off 

t only those watersheds draining consolidated rock 
tions which are underlain entirely by one formation, 
a continuous daily discharge record for at least 10 
, and are not substantially regulated. Surprisingly, 
three watersheds in New Jersey )two Precambrian basins 
ssaic County and one basin underlain by argillite in 
rdon County) met these criteria. 

the annual discharge values in the same manner as dis-
d previously and plot the exceedence levels on arithmetic 
bility paper. Select several years of low, medium and 
flows for hydrograph analysis. 

n used a modified form of hydrograph separation similar 
at discussed earlier. The mean daily discharge for each 
e selected years was separated into quickflow (direct run-
r stormflow) and delayed flow (baseflow). 

d) The verage baseflow value for each year for each watershed was 
then ranked and the exceedence levels in percent were plotted 
on a ithmetic probability paper. The mean and one standard 
deviation above and below the mean were plotted on the graph 
and connected by a straight line. 

e) The 
of 
del 
yie 

discharge at the 99 percent exceedence probability level 
he cumulative frequency distribution of estimated annual 
yed flows was selected as an estimate of the ground water 
d for that basin. 

The estimate yield for Walnut Creek near Flemington which is underlain 

entirely by argil ite by Poster's method is 92,000 gpd/mi 2 . This value comes 

out to 72 percent on the flow-duration curve. 

... 
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Table 9 

ESTIMATED BASEFLOW FOR SELECTED WATERSHEDS IN CENTRAL NEW JERSEY 

USGS ID No. 

Area (sq. mi.) 

Major Geologic Formations 
(Percent of Watershed) 

Year Selected 

2 Baseflow (mgd/mi,) 

Corresponding Point on 
Flow-Duration Curve 

(Percent) 

Stony Brook at 
Princeton 

4010 

44.5 

Argillite (37%) 
Shale (35%) 
Diabase (18%.) 

1959 

0.119 

69 

Stony Brook at 
Glenmoore* 

4009 

17.0 

Argillite (51%) 
Diabase (20%) 
Shale (19%) 

1959 

0.088 

70 

*Partial-record station and synthetic hydrograph. 

Table 10 

ESTIMATED BASEFLOW FOR SELECTED 
WATERSHEDS/AQUIFERS BY HYDROGRAPH SEPARATION 

Watershed/Aquifer 

Stony Brook at Princeton 
Stony Brook at Glenmoore 
Royce Brook tributary 

near Belle Mead 
(all sh_ale) 

Walnut Brook near 
Flemington (all 
argillite 

Neshaminy Creek, Pa. 
Neshaminy Creek, Pa. 
Shale & Siltstone (in Pa.) 
Shale & Siltstone (in Pa.) 

* 99 ~ercent exceedence level 

(gpd/mi.: 2) 

Yield 

119,000 
88,000 

125,000 

92,000 
200,000 
146,000 
220,000 

53,000 

Recurrence 
Interval 

1 year in 10 

1 year in 10 

1 year in 10 

* 
1 year in 10 
1 year in 50 

1 year in 2 

1 year in 10 

Royce Brook Trib. 
near Belle Mead 

4026 

1.20 

Shale (100%) 

1981 
(Water Year) 

0.125 

69 

Reference 

This study 
This study 

This study 

Posten 
(1982) 
Wright (1982) 
Wright (1982) 
Wright (1982) 
Wright (1982) 
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Hydrograph sep ration procedures were also employed by Wright Associates 

(1982) in their gro ndwater study of the middle Delaware River basin for the 

Delaware River Basi Connnission. The estimated annual baseflow rate for the 

Neshaminy Creek bas·n with a 1 year in 10 recurrence interval is 200,000 gpd/mi. 2 

The baseflow estima e for the driest year on record for the Neshaminy is 146,000 

gpd/mi2 (1 year in O recurrence interval). 

The geologic formations in the Neshaminy basin are as follows (Wright, 1982): 

Formation Percent of Watershed 

Stockton Sandstone (sandy members) 42 
" " (shale member) 7 

Lockatong Argillite 31 

Brunswick Shale 14 

Igneous a d Metamorphic 6 
100 

The Wright (1 82) study provided an estimate of baseflow for aquifer 

types. The basefljw for shale and siltstone aquifers with a 1 year in 10 recur-

rence interval is ; 3,000 gpd/mi2 based on Q30-10/Q30-2 ratios. It is believed 

that the shale and siltstone aquifers in the middle Delaware River basin are 

similar to the sha e and argillite formations in the Sourland Mountain area. 

In sum, a hyd ograph can be separated into several components of runoff, such 

as storm.flow, inte flow, and baseflow. Even if all of the various forms of runoff 

are grouped into o ly two categories: direct runoff (quickflow) and baseflow 

(delayed flow), th hydrograph separation procedures are judgemental and the re-

sults may very fro investigator to investigator. The fact that there are so many 

legitimate hydrog procedures which can yield varying baseflow es-

timates is an inh rent problem with hydrograph analysis. One thing that must 
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be noted is that if the same separation methodology is applied to different 

watersheds, the procedure (like any other procedure) will be judgemental but 

consistent. 

The various hydrograph separation procedures discussed in this section 

result in baseflow or groundwater yield estimates ranging from 53,000 to 
2 . 220,000 gpd/mi (see Table 10). The variation in the yield estimates if 

mostly attributed to the particular separation procedure adopted and the recur-

rence interval selected. 

E. Flow:--Duration Curves 

The flow-duration curve is a cumulative frequency plot that shows the 

percent of time during which specified stream discharges were equaled or ex-

ceeded within a given period of time (Searcy, 1959). For example, the daily 

mean discharge of the Stony Brook .at Princeton was at least 0.108 tngd/mi2 

during 70 percent of the 1954-75 time period (see T.able 11 and Figure 23). 

Although the flow-duration curve does not show the chronological sequence 

of flows (which a hydrograph does), it does provide a convenient means for 

studying the flow characteristics of streams. The shape of the flow'-duration 

curve is determined by the hydrologic and geologic characteristics of the 

watershed. Consequently, the curve can be used to compare the characteris-

tics of one basin with that of another. For example, a curve with a steep 

slope indicates a "flashy" stream where the flow is largely from direct runoff. 

The distribution of low flows in a watershed is governed primarily by 

the geology of the basin. Thus, the lower end of the flow-duration curve 
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Table 11 

FLOW-DURATION DISCHARGE DATA FOR STONY BROOK AT PRINCETON, N.J., 1954-75 
AND OUTH BRANCH RARITAN RIVER NEAR HIGH BRIDGE, 1919-75 

Percent of 
Time 

Discharge 'Which Was 
Exceeded for Indicated2 

Percent of Time (mgd/mi. ) 

.Ston:i:: Brook South Branch 

2 

5 

10 

20 

30 

40 

50 

60 

70 

80 

90 

95 

98 

99 

99.5 

Source: Gilies ie arid Schoop (1982). 

6.881. 

3.557 

1.974 

1.067 

0.701 

0.473 

0.316 

0.200 

0.108. 

0.055 

0.023 

0.012 

0.005 

0.003 

0.002 

0.001 

4. 778 

3.215 

2.315 

1.642 

1.286 

1.039 

0.832 

0.672 

0.545 

0.432 

0.334 

0.281 

0.235 

0.214 

0.198 

0.208 
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provides valuable 'nformation on the effects of geology on the ground 

water runoff to th stream. For example, a steep slope at the lower end 

of the duration cu e indicates a minimal amount of ground water storage 

in the basin (Seary, 1959). 

The flow-dura ion curves shown in Figure 23 represent watersheds 

draining very diff rent types of geologic formations. Over 55 percent of 

the Stony Brook at Princeton watershed consists of the diabase and argillite 

of the Sourland Mo tain area, whereas the South Branch Raritan at High 

Bridge drains most y weathered precambrian and limestone bedrock. Note the 

very steep slope o the Stony Brook as compared to the gentler slope of the 

South Branch Rarit the low-flow end of the graph. 

It is generally assumed that streamflow at the lower end of the flow-

duration curve is almost entirely derived from ground water sources. For 

example, Wyrick and Lloyd (1968) suggest that streamflow from ground water 

sources can be estimated at some point between the 60-percent and 90-percent 

values on the flo -duration curve. The 60-percent point pertains more to 

areas underlain b thick glacio-fluvial deposits and to coastal plain forma-

tions, whereas th 90-percent point is more appropriate to use for areas 

underlain by clay y soils of the southern Piedmont and areas covered with 

glacial till. Wy ick and Lloyd's study area covered the Appalachian region. 

In their stu y of the Swatara Creek basin in southeastern Pannsylvania, 

Stuart, Schnieder and Crooks (1967) state that the ground water discharge 

is represented at the 75-percent flow-duration point. Frimpter (1972, p. 37) 

indicates in his tudy of the ground water resources of Orange and Ulster 
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Counties in New York that" ••• streamflow at the 90-percent duration dis-

charge is derived entirely from ground water discharge." In another study 

of the Black River basin in north-central New York State, Waller and Ayer 

(1975) indicate that ground water discharge is represented by that portion 

of the flow-duration curve between the 90-percent and 99.5-percent points. 

Finally, in a study of New Jersey streams, Miller (1966) states that "The 

streamflow per square mile at the 90-percent duration point may be used as 

an arbitrary index of dry-weather flow, since the streamflow at such times 

is almost entirely from ground water sources." 

In sum, it is apparent that the magnitude of ground water discharge to 

a stream can be reasonably estimated by examining the low-flow end of a flow-

duration curve. If we further assume that the long-term ground water yield 

in a basin can be approximated by the ground water discharge to a stream, 

then the flow-duration curve provides an excellent means for readily ob-

taining yield estimates for many watersheds. All it requires then for this 

initial estimate of the ground water yield of a basin is what point on the 

flow-duration curve to pick. In this study, the 80-percent point is selected 

for consolidated rock formations in central and northern New Jersey. For 

purposes of comparison, discharge values at the 70-percent and the 90-percent 

points will also be included as well as the Q7-10 value (the average annual 

minimum discharge for 7 consecutive days with a recurrence interval of 10 

years). The Q7-10 value, which is used in water quality studies as a standard 

for determining the assimilative capacity of surface waters, is exceeded at 

least 99 percent of the time and is therefore an extremely low number (see 

Table 11). 



Rank 

l 
2 
3 
4 
5 
6 
7 
8 
9. 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
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Table 12 

DISC GE AT THE 80-PERCE?.'T POINT ON FLOW-DURATION CURVES 
FOR SELECTED STREAMS IN NEW JERSEY 

Area 
Stream Gage _No. (mi.2) 

Passaic Riv r near Bernardsville 37869 8.83 
Bohokus Bro k at Bohokus 3910 16.4 
South Branc Raritan.near High Bridge 3965 65.3 
Whippany Ri er at Morristown 3815 29.4 
Weasel Broo near Clifton 3920 4.45 
Lamington ver near Pottersville 3995 32.8 
Elizabeth ver at Irvington 3930 2.90 

at Belleville 3925 11.6 
North Branc Raritan near Far Hills(*} 3985 26.2 
South Branc Raritan at Stanton(**) 3970 147 
Pequest Riv rat Pequest 4455 108 
Ramapo Rive near Mahwah 3875 118 
Flat Brook ear Flatbrookville 4400 65.1 
Paulins Kil at Blairstown 4435 126 
North Branc Raritan near Raritan 4000 190 
Ramapo Rive at Pompton Lakes 3880 160 
Mahwah Rive near Suffern 38745 12.3 
Pequest Ri rat Huntsville 4450 31.4 
Beaver Bro near Belvidere 4460 36.2 
West Brook ear Wanaque 3860 11.8 
Wallkill ver near Unionville 3680 140 
Pochuck Cr ek near Pine Isiand 3690 98.0 
Ringwood C eek near Wanaque 3845 19.1 
Pohatcong reek at New Viliage 4552 33.4 
Blue Mine rook near Wanaque 3865 1.71 
Cupsaw Br k near Wanaque 3850 4.38 
Royce Btoo Tributary near Belle Mead 4026 1.20 
Neshanic ver at Reaville 3980 25.7 
Stony Broo at Prince.ton 4010 44.5 
Walnut Bro k near Flemington 3975 2.24 / 

Source: G llespie & Schopp (1982) 

* 1904-63 period; prior to Spruce Run ReE;ervoir 
** occasio al regulation at lov flow 

.. 

Q80 
(mgd/mi. 2} 

0.470 
0.453 
0.432 
0.402 
0.401 
0.396 
0.370 
0.364 
0.358 
0.338 
0.294 
0.267 
0.258 
0.256 
0.255 
0.245 
0.241 
0.226 
0.209 
0.203 
0.197 
0.189 
0.166 
0.121 
0.089 
0.072 
0.066 
0.061 
0.055 
0.052 
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Another way to assess the variety of geologic formations in the state 

is.to select flow-duration curve values at the BO-percent point for a mix 

of watersheds in the consolidated rock areas of central and northern New 

Jersey. In Table 12, 30 streams with continuous discharge records were 

ranked in descending order. Note the immediate disparity.in Table 12 between 

the South Branch Raritan near High Bridge (rank No. 3) and the Stony Brook 

at Princeton (rank No. 29). Further, Walnut Brook near Flemington, which is 

entirely underlain by argillite, is at the bottom of the table (rank No. 30). 

Thus, those watersheds which drain diabase and argillite have the least ground-

water storage and represent some of the ..rorst areas in the state in terms of 

ground water yield. 

The major geologic formations of 17 watersheds in the Sourland Mountain 

area are shown in Table 13. Minor formations are not included in the list, 

so the percent of watershed values may not total 100 percent. Note that only 

5 of the 17 streams have continuous discharge records. 

Based on regression equations obtained by the U. S. Geological Survey 

for the 12 partial-record stations li.sted in Table 13, estimated discharges 

at the 70, ~O, and 90-percent flow-duration points are listed in Table 13 

along with the Q7-10 value. The flow-duration values for the 5 continuous re-

cord stations were obtained from Gillespie and Schopp (1982). Note that the 

Q7-10 values for 8 watersheds in Table 13 are zero, and the remaining values 

are exceedingly low, indicating the minimal amount of ground water .storage in 

the basins. 



Table 13 
LOIi-FUJii CHARACTElllSTICS or SELECTED STREAMS IN CENTRAL NDI JERSEY. 

HGD / Sg. Hl. 
Q7-102 Station Ar•• l Percent· of At Exceedence ProbabU ity (Percent) 

Gau l!11, Record {Sg. Hi,l 70 80 90 

I. Ila !nut Brook near. )975 2.24 Ar1tlllt• 100 0.112 o.on 0.021 o.o 
Flemln11ton 

2. lloodavll 1•. Brook at 40085 , 1.711 Ar1llliti 9J 0.065 0.029 0.011 o.o 
Woodavillfl 

l. Stony Brook at .4009 Partial, 17.0 Ar1llllte 51 0.085 0.042 II.OH o.oo 
C:lenmoore DlabHe 20 

Shale 19 

4. ftaldvln Creek et 4009] Part hi. 1.99 Baited Shale 46 0.083 o.ou 0.018 0.0 
Pennington Shale 42 

5. Ba I dwln Creek at 4009]2 Continuoua 2.52 Shale 46 0.0"9 0.004 0;002 o.o 
Baldwin Lake· Baited Shale 4S 

6. Stony Brook at 400947 Partial 26.7 Shale J5 0.09] 0.041 0.016 0.002 
Pennington 35 

Olah .. • 16 

7. Honey Branch 400951 0.70 Shale . 119 0;070 0.029 . 0.006 
Pennln1ton DtabaH 11 

8. Honey Branch nelir 40,097 Partial J.83 Shale 60 0.056 0.028 0.012 o.o VI 
Rooedale OlabHe. J5 w 

9. Stony Brook at 4010· Contllluoua. u:s Ar1llllte J7' 0.108 0.055 0.02] 0.001 
Pr·lnceton Shale 35 

DhbaH 18 

10. St'ony Brook at 4011 Partial 46.5 AraUUte 36 0.122 0.067 O.OJJ. O.OOJ 
Shale JJ 
DlabeH· 18 

11. Brook near 40152 Partial 6.67 Shale 48 0.1211 O.D70 O.OJJ 0.010 
llopevell Argllllte 29 

'' 21 

12. Rock Brook at 40159 Partial 11.02 Shale 50 0 .• 0111 0.0]0 0.010 o.o 
Blawen·burg Ar1illtte 42 

IJ. Brook near 4016 Plirtlal 27,0 I Shale 67 0.125 0,070 0.035 0,007 
Rocky HUI Ar1llllt• 20 

14. Royce Brook.Tributary 4026 1,20 Sha.le 100 0.122 0,066 0.024 o.o 
near. lie I le Head 

15. Creek at 46211 Partial lJ. J 57 O.D82 0.0311 0.017 0.005 
Sorne·raet laked Shale 28 

16. Shlpetaukln Creek lit 46365 Partial 4.411 Argllllte 6J 0;]18 . 0,153 0.059 0,0 
Lavnncevl 1 le Sanda tone J7 

17. Shabakunk Creek 46J75 5.0 Sandatone 60 0.245 0.1J6 0.064 0.01] 
FMlngvllle 36 

Source t Glllnple, I, D, , Schopp, II. D,. 1982. tov-Flov Charectarlatlc•, Flov Ouratlon of Nev Jene;t Streams, u. S, Geological Survey Open-File 
R@port 81-1110, 

Note l. of geologic phnlMtered by the HSH Re1lonal Study Council, 
Note 2. Q7-l0 • annual discharge for 7. day• vlth • recurrence of to 

J. 

,/., 
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In conclusion, the QSO (BO-percent point ori the flow-duration curve) 

for 17 streams in the Sourland Mountain area ranges from0.004 .to 0.153 mgd/mi2 • 

If we·. assume that the Stony Brook at Princeton is a watershed representative · 
. . . . ·. 

of the area and is also more reliable because of its larger.size (44.5 sq. mL) 

and length of continuous record· (21 years), then the estimated 1;,aseflow yield 

at the Q80 point is 0.055 mgd/sq. mi. 

F. Ground Water Yields 

Estimating the "safe yield"of an aquifer is fraught with much greater 

uncertainty than estimating the safe yield of a surface water reservoir•sys-

tem, because the ground waterportiort of the hydrologic cycle is mote complex, 

less well understood, anci not visible. to the observer. The term "safe yield" 

of an aquifer was first intro_duced by Meinzer (1932) who defined it as 

" ••• the practicable rate of withdrawing water from it (the aquifer) per-. 

ennially for human use." Todd (1959) defined safe yield as II ••• the amount 

of water which can be withdrawn from (the ground water basin) annually with-

out producing an.undesired result.II 

For a particular basin, the amomitof discharge must be balanced by a 

comparable amount of recharge over a period of time, less any change in storage. 

This balance can be expressed quantitativel.y by an equat:ion of hydrologic 

equilibrium. Thus, the calculation of safe yield involves the collection 

of data on: 

a) surface wat~r infl_ow and outflow; 

b) water imports and exports; 

c) precipitatj,on; .. · 

·d) .consumptive use (ev~p~transpiration); 
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: . ·. . . . 
. . . . 

e) . c_lianges in ground and sud ace water storage; 

f) subsurfa:c~ water inf:Low and outflow. 

A number of· t ese items are difficult tomeastire: . subsurface inflow 

an.d ges cannot be . di~ectly gauged, and groupd water· storage . 
. . 

_ changes require detailed :lnformation · ~bout the existence of gro\iild. water in. 

the basin. Adequ tely measuring grot.1nd water storage would require_the de-

'.lineati~n of aqui~ersand. ·~n analysis of alLwell logs .. 
. ·: . ·.··· ; ... _-_·.··· -:. ,. ·. ' ._-. 

The concept f ·safe yield has .come under criticism, ;artly becaus"e it. 

_ is often uiisi.ntirptet~d by l~ymen as i~lying .a fixed underground water supply.· 
. . ·.. . . ·, · __ ... ·.. •.. . ·. _. ·. . ·. . 

Kazmartn . ( 1972) co siders safe yield to. be a. pseudq•;,..hydrologic term, in.asmuch 

as it- may depend ore ori ,the particular' welllocation rather than on general 

aquifer character·stics. ·Asimilar criticis~ is made in.the_ revised edition . . : ·. ·, . . . . .. 

of the Glossa · (Bate~ and J_ackson;< 1980), wherein usage of. the: 
. . . . ,. . . . 

d because feasible~ithdrawal·rates depend on· the rela.:.. 

•. tion.ship bet~en a uifer boundarieS and well iocat:i.ons; Finally,. ui a recent 
. . . . . . . . 

·· of the middle Delaware River basin, Wright (1982) i-ecom-. _. . . ' - .. , . 

mends be qiscontinuedattd .that empha.sis s}:l~uld be placed on . 

those components f the hydrologic cycle (sqch ~s infiltration or ground water . 
. . - . ' . . . . . . . ' . . 

. . -~ : .. ·. . ·: .: : , , .'"• . . . ·, • ... ' : : ' 

:Subject to foregoing' criticisiils,. it is st:i.H essential to ha~e ·s~me 

esq.~te of the gnit:ude ~f the grbund wat~r resource. In his. revised edi-

.. tion of Groundwat , Todd {1980) · suggests that. the t.erm !'perennial 
. '·. . .' ··. , ... · 

yieidll be used in place pf safe yield .. He defines perennial yield as' 

'' •. -.• the rate at which ·w~te~ 'can,bei w~th~rawn pe;rennially.:. ~witho~t .pro-
.·' . ·. . . . .. . ' . · .. 

ducing an und~sir d. result." A maximum ,pererinial:yield would .reflect a 
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situation where ground .water extractions would not exceed ground water re-

charge. Thus, perennial yield implies a rate at which ground water can be 

withdrawn from a basin over a time period such that there will be no signifi-

cant change in ground water. storage (Todd, 1980). 

In this report, the term "ground water yield" will be used to indicate 

the rate (in gpd/mi2) at which water can be withdrawn from an aquifer or 

basin without causing a long-term decline in the water table or a substan-

tial loss in ground water storage. Furthermore, recognition is given to 

the importance of maintaining a long-term balance between ground water re-

charge (defined as that portion of the water infiltrating through the ground 

surface which can reach the saturated zone of the aquifer) and ground water 

withdrawal. If these conditions are met, withdrawal of water from the aqui-

fer should not either (a) diminish streamflow, (b) result in interference 

among wells, or (c) result in an area-wide drawdown of the water table. 

G. Well Ratio Method 

Well ratios provide a means of relating ground water yields for differ-
2 ent aquifers on an areal basis (gpd/mi ) • The presumption is made that if 

the.yield or specific capacity values or ratios of a set of wells from forma-

tion A is twice as good as those calculated for formation B, then the ground. 

water yield from formation A is correspondingly twice as good. Although· 

there is a deterministic element in the ratio method, there is a reasonable 

hydrologic underpinning to the procedure. High yield and specific capacity 

values do reflect favorable aquifer properties, and therefore one could an-

ticipate better overall. yields on an areal basis from such an aquifer. 
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Other inves igators might assert that the ratio method is overly sim~ 

plistic and that only more complex procedures would give .better results. 

But given all of the uncertainties in hydrologic estimation, a simpler method 

will provide res lts that are not only meaningful but practical to obtain. 

Now that we have mentioned at least some of the philosophical aspects 

of hydrologic es imation, we can tum our attention to the procedure itself. 

As stated in Sec ion IIC, specific capacities were calculated only for those 

wells in the stu y area where pump tests were reported for 4 hours or more. 

The same thresho d was applied to yield data for the wells in Hunterdon and 

Mercer Counties. In the case of the study area, all of the well records 

were analyzed fa yield. While some of the domestic well information in 

the study area 

1,600) provides 

y not-be too reliable, the large number of wells (nearly 

reasonable degree of confidence. Note that the total num-

ber of wells in he study area is not a sample but rather the population 

of all of the we 1 records that were available in the files of NJDEP in 

Trenton. 

The well 

city values. 

io method can be applied to either yield or specific capa-

ever, specific capacity is a better figure to use in deter-

mining aquifer e ficiency, as both yield and drawdown are factors in the cal-

culation, as fol ows: 

Specific Capacity= yield (GPM) 
drawdown (feet) 

Specific c acity values can vary by several orders of magnitude and in-

deed can even infinity when drawdown is. zero. When one is comparing 

the median spec'fic capacity of one formation to another, the resulting ratio 
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may be unusually large, given the nature of the distribution. Therefore, 

it is suggested that the Q3-Ql (75 percent-25 percent) value that is derived 

from the cumulative frequency distribution of specific capacities for each 

formation be used to assess aquifer performance. For example, the Q3-Ql 

values· for the sandstone and argillite formations in the study area are 0.492 

and 0.148, respectively (see Table 14), resulting in a sandstone/argillite 

ratio of 3.32. (see Table 15). The average sandstone/argillite ratio based on 

the three areas is 3.31 (see Table 15). The average ratios may then be used 

to estimate ground water yields for each formation. 

The next step in the procedure is to select the aquifer which has the 

best yield information. Since Walnut Creek near Flemington is underlain en-

tirely by argillite and has had a continuous gauging station operating in 

the watershed from 1936-61 (24 complete years of record), it has been selected 

as the baseline aquifer. This means th.at the other formations in the study 

area will be compared to the argillite formation. Posten (1982) also selected 

Walnut Brook for his hydrograph separation analysis. 

Royce Brook tributary near Belle Mead in Hillsborough Township is under-

lain entirely by shale. However, the watershed is smaller than Walnut Brook 
. 2 

(1.20 vs. 2.24 mi ) and had a continuous gauging station for a smaller time 

period (10/66-9/74; reactivated in 1/80); Therefore, Walnut Brook appeared 

to be the better choice. It would have been desirable to select a larger 

watershed with a longer period of record such as the Stony Brook at Princeton 

(44.5 m/; dischargerecords begin 10/53), but.the watershed is underlain by 

several formations (see Table 13). 
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Table 14 

S ECIFIC CAPACITY Q3-Ql VALUES OF SELECTED FORMATIONS 

Stockton Brunswick Lockatong 
Area Sandstone Shale Argillite Diabase 

A. Stud:z: Area 

Q3-Ql * 0.492 0.339 0.148 0.118 

Sample Size 54 112 4.26 91 

B. Hunterdon Coun 

Q3-Ql 0.572 1.335 0.337 0.342 

Sample Size 124 471 119 35 

c. Mercer Count:z 

Q3-Ql 1.950 0.510 0.398 0.358 

Sample Size 101 90 48 11 

* Q3 : 75 percent Ql : 25 percent 
Note: Specific c pacities were calculated only for those domestic and non-domestic 

wells wher pump tests were reported for 4 hours or more. 

Table 15 

RATIOS OF ELECTED FORMATIONS BASED ON SPECIFIC CAPACITY Q3-Ql VALUES 

Hunterdon Mercer 
Sourland Mountain County County 

Geologic Formatio Area Wells (1) Wells (1) Wells (1) 

Sandstone/Argilli e 3.32 1.70 4.90 

Shale/Argillite 2.29 3.96 1.28 

Diabase/Argillit 0.80 1.01 0.90 

Trs: Sto kton Sandstone Trdb: Diabase 

Trb: Bru swick Shale 

(1) See Table 1 

Trl: Lockatong Argillite 

Average of 
Three Areas 

3.31 

2.51 

0.90 



H. Discussion and Conclusions 

It is readilyapparent·from the previous sections that there are a 

variety of methods whith can be.brought to bear on estimates of baseflow and 
. . 

hence·. ground water yield. Other methods, such as the ground water stage-

discharge rating.· curve procedure and well/ aquifer tests are possible in 
. . ·. . . 

theory, but the· lack of observation wells in the area precluded their use in 

this study. 

Hydrograph analysis is a valuable empirical method for estimating base.:: 

flow •. Hydro graphs ·with continuous· records are available for thousands of 

gaging stations in the U. S. Indeed, New Jersey has the highest number of 

gaging stations pet unit area of any state - about ·five times the national 
. . . . 

average~ . However, hydro graph analysis is laborious., as it involve~ the 

separation.of numerous years·of mean dail.y discharge into storm.flow (or 

quickflow) ·and baseflow (or delayed flow)~ There are many separation proce-

dures, ·and their selection and use is fraught with a high degree of profes-

. sional judgment. Different investigators .can come .up with varying results 

using unimpeachable but different techniques 011 .the same hyd:r-ograph •. 

Be that as it may, there is a strong hydrologic rationale to hydrograph 

separation. In addition the procedure can be programmed for .a computer which 
. . . ' 

will of course enable one to process many ye~rs of reco~d for many statio11s. 

(This procedure was beyox:i,d the scope of .this project.) However, one is 

still faced with the problem of dealing with watersheds underlain by two or 

more rock formations. The.suggested procedure for estimating ground water 
.· . 2 . yield on an areal basis (gpd/iiiL ) for each formation based upon hydrograph 
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separation analysi is- as follows: 

a) Coll ct all available well.data within the study 
area 

b) 

c) 

d) . 

···•. ·.) .e 

Cale 
puillp 
dome 
samp 
clud 
crit 

Per£ 
the 
on t 
c~pa_ 

. Sele 

.Prep 
.the 
for 

late the specific capacit}' ~f. all wells where 
tests were reported for 4 hours or more. --- Non.-
tic well record$ are preferred, but if the · 
e size is too .. stnall within. the E;tudy area, in-

domestic wells as long as the 4-hour pump test 
rion· is met. 

rm a f~equency dist;ibution an~lysis of all of 
eU data .. · Obtain the Q3-Q_l (75'."'.25 percent) points 
e ·cumulative· frequency distribution of specific.· 
ity for each formation~ . 

t orie formation as the baseline aquifer with 
the o_tber aquifers will .be compared~---· Presum-
the aquifer selected would hav.e the best es,-

yield available~ · 

re a Q3-Ql specific capacity ratio for all of 
ormati.ons in the study area 8nd use the ·ratios 
round :wate.r, yield estimation:. 

Flow-durafion curves are a reliable and straightforward basis for base,-
··, . :' .. '. :" 

fiow estimates. A indicated earlier, the low-flow end of a flo~-duration· 
.. . . 

- : curve provi:des e~c llent in:f d~tion about the geology and ground water 
•, ·.. ,• : .· 

storage of a wa_ter bed ... Flow:-duration cµrves which are, ~teepiy sloping in-
. . . ,• .. ·, ·.. ·. : ·-:- . . ·. . 

:dicate minimal aino nt of ground water iri sto;age ~d consequently Jow .baseflow . 
.' .' ·:·. . . . ,;·- : .. 

Flow-d.uration data are· available for many gaging stations. arid have 

been ~ecen~ly publ :shed for New Jersey (Gillespie• and Schopp~ 1982)'. ·They. 

can. estimators~. However; as -noted above, the problem is· 
. . . . . .· 

the selection. of t. e low-flow po~t:i.on of . the .curve as the base flow iridic:ator. 

e·stimated_ 

eratu~e (see Section. iIE) indicates that baseflowcan be 

betw~eri the 60~perde~t. and 99~perc'e~t' poin~s on- the curve. 
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Posten (1982) found that his yield estimates for three bedrock basins in 

New Jersey based on hydrograph separation corresponded to the following 

points on the flow-duration curve for each watershed: 

Percent on 
Watershed Geology Flow-Duration Curve 

Walnut Brook Argillite 72 
near Flemington 

Blue Mine Brook Precambrian 75 

West Brook II 83 

Wright (1982) regrettably did not include any comparison with flow-

duration data for his study of watersheds in Pennsylvania. Stuart, Schneider 

and Crooks (1967) estimated that the baseflow in the Swatara Creek basin in 

southeastern Pennsylvania corresponded to 75-percent on the flow-duration 

curve. Other estimates (Frimpter, 1972; Miller, 1966) suggest the 90-percent 

point but did not include hydrograph separation in their estimates. It is reason-

able to conclude that the baseflow is probably represented by a value on flow-

duration curves in bedrock areas of New Jersey somewhere between 70-percent and 

90-percent. In this study, the SO-percent value was selected as the most reason-

able value to work with. The base flow for the formations in the study area are 

shown in Table 16. As indicated before, t~e SO-percent point on the flow-dura-

tion curve for Walnut Brook at Flemington (which is entirely underlain by ar-

gillite) in conjunction with the average well ratio from Table 15 was selected 

as the best estimator of base flow. The other estimates in Table 16 are included 

for purposes of comparison. 

In non-sewered residential areas, it is Iecognized that ..most of the water 

coming into the house will be returned to the ground via septic disposal fields. 



.Formation 

Stock~on Sandst 

Brunswick Shale 

. Lockatimg Argil 

Diabase 

Table 16 

ESTIMATED BASE FLOW FOR SELECTED 
F.ORMATION.S IN. THE SOURLANDS STUDY, AREA 

.Base Fi°"" (gpd/mi. 2) 

llydcigraph Separation · 
· Met})od (a) 

FlOlo'-Ihiradon Heth~d 
Q70 (b) .·. QSO (c) Q90 (d) 

e 305,000 371,00Q 172,000 · 70,000. 

231;000 281,000 i31,000 .53,000 

ite. 92,000. · .. 112,000 52,000 21,000 

BJ;Ooo 101,000 47,000 '19,000 

(a) . Based on by :rograph . separadcm for Walnut Btook at Flemingt~n (ali argili-
ite) and th average well ratio shown in Table iS: · · 

(b) Based on t~ 
Flemington 

(c) Based onth 
Fleeing ton 

70-:-percent flr;,w-duration point (Q70) for·Walnut Bre>ok at 
d .the average well ratio shown in Table ;LS. . 

BO~percent.flow-duration point (QBO)fot Walnut Brook at 
d . the average well ratio shown in Table 15. . 

(d) Based on th 90-,-percerit flow-duration point (Q90) forWafout Btook at 
Flemington nd .the average weU ratio shown i~ Table 15. 
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Thus, this water will be recycled as it recharges the local aquifer. On the 

other hand, that fraction of the household water that is used for watering 

shrubbery and lawns represents a consumptive use which will not return to the 

local aquifer. This·"loss" to evapotranspiration will of course vary from 

house to house, but the important thing is that the amount that is used will 

not be available to recharge the aquifer. 

Estimates of the amount of water that is used within the house and that 

will become spent water that is discharged to either sewers or septic tanks 

varies from 60-96 percent. For example, Fair, Geyer and Okun (1966) estimate 

that 60-70 percent of the total water supplied becomes wastewater which is in. 

the same range as the Linsley and Franzini (1972} estimate of 60-75 percent. 

Note that the latter two estimates pertain to conmmnities with public water 

and sewer. In terms of the water.used by an average household, Durfor and 

Becker (1962) estimate that 96 percent of the water coming into the house is 

used within the house. New Jersey.Department of Environmental Protection es.;.. 

timates that the depletive use of water for residential areas is about 10 per-

cent, which means that 90 percent of the incoming water winds up as wastewater 

(Ross, telephone interview, December 21, 1983). 

If we assume that the Sourland Mountain area will remain in low-density 

housing, then it is reasonable to presume a somewhat greater depl.etive use of 

water to account for larger lawn/vegetated areas. For purposes of this study 

then, a depletive use of 15 percent is adopted which means that 85 percent 

ow the water coming into the house will be released back to the aquifer. 

We can now make operational definitions for two terms in common usage: 

1) base flow is the amount of ground water that will sustain stream flow at 
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Table 17 

GROUND WATE YIELD ESTIMATES FOR. SELECTED STUDY MF.A FORMATIONS 

Format on 

.Stockton S dstone 

Brunswick Sale 

Lockatong A gillite 

Diabase 

. . 2 
Ground Water Yield (gpd/mi •. ) 

145.,000 

110,000 

45,000 

40,000 

Note:· the alues in this table are 85 percent of the Q80 values shown 
in able 16. All estimates. have been rounded to the nearest 
5,0 0 gpd/mi. 2 

I. 
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given exceedence probability levels; and 2) ground water yield is equal to the 

base flow minus the depletive use component. Thus, the procedure for ol:>taining 

ground water yield estimates is as follows: 

1) obtain the base flow for a formation or watershed by 
hydrograph analysis or by selecting an appropriate 
exceedence level on the flow-duration curve (the Q80 
value is recotIIIllended for the Sourland·area); 

2) multiply the base flow estimate by the specific capac-
. ity well ratio method in order to obtain values for 
other formations: 

3) multiply the base flow values by 0.85 (or 15 percent 
depletive use) to obtain ground water yield estimates., 

The underlying presumption in all of this is that continued pumping 
. . 2 

on an areal basis (gpd/mi. ) at the ground water yield.estimate level 

will not have any deleterious impacts on the ground water resources of the 

study area. If a sewerage system is introduced whereby the wastewater will be 

collected and.disposed of outside the study area, then the depletive use com-

ponent rises dramatically and the ground water yield estimate would have to be 

revised downward. 

For the Sourland Mountain area, a set of base flow estimates for each 

formation are shown in Table 16. If we select the Q80 base flow estimate and use 

a multiplier of 0.85, the resulting ground water yield estimates for each 

formation are shown in Table 17. 

The average residential development density based on groundwater yield on 

either a watershed or formation basis can be estimated by the following equa-

tion (Pizor, et al., 1982): 
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y 
Dws = ._ ........ ----b4U Qs P 

where e development density in DU/acre based 
on water su ply 

y = 

Qs = 

p = 

DU= 

water yield in gpd/nii. 2 

pita consumption in gals/person/day (GPCD) 

of people/DU 

For .convenience, it is useful to use the reciprocal of DU/ acre which is 

acre/DU. This is she • on the ordinate of figure 24. 

If you hold Qs d P constant, the equation plots as a straight line on 

log-log graphpapet ( ee Fig. 24). Note the inverse relationship between 

groundwater yield and average development tequirement;s: as the groundwater 

yield increases, the cres required per DU_ decreases. 

Table 18 lists verage development densities for a variety of yield 

assumptions. ple, if we assume a yield for the diabase and argillite 

of about 50,000 gpd/ i. 2 and a household consumption of 350 GPC}), then appli-

cation of the equati n results in average development density of about 4.5 

acres/DU. 

It .is important to stress that water quality c~nsiderations_ (viz, w_astwater 

disposal) were not · eluded in the Dws equation and are known to be much more con-

straining (Pizor, e al, 1982). For.example, average minimum residential lot size 

recommendations for consolidated rock areas in.central New Jersey are approximately 

doubled when onsite wastewater disposal is con~idered. Thus, the 4.5 acre/DV esti-

mate is on the low ide and the development density should be decreased to allow 

more acreage (and t us more recharge) per·uu. ·water quality considerations, 

it should be noted, were beyond the scope of this report. 

ftJ 
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Table 18 

AVERAGE DEVELOPMENT DENSITY BASED ON GROUND WATER YIELD 

Ground Water Yield 
(GPD/sq. mil.) 

25,000 

50,000 

100,000 

150,000 

200,000 

250,000 

300,000 

y 
Equation: Dws = 640 Qs p 

Average Development Density (Acres/DU) 
Qs = 100 GPD; P = 3.5/DU 

9.0 

4.5 

2.2 

1.5 

1.1 

0.9 

0.7 

where Dws development density in DU/acre based on water supply 

Y Ground water yield in gpd/sq. mi. 

Qs = Per Capita consumption (gpd) 

P Number of people/DU 

DU Dwelling unit 
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III. LEGAL AND INSTITUTIONAL ANALYSIS 

• A. The State's Role in Groundwater Management 

In 1981, the Legislature adopted a series of water supply statutes 

that thoroughly revised and modernized the State's approach to water resource 

management. The most significant was the Water Supply Management Act, N.J.S.A. 

58:lA-1 et seq. In reviewing the particular provisions of that statute, it is 

helpful to cop.sider the statement of legislative findings and declarations in-

tended to assist in the interpretation and implementation of the law. It pro-

vides in pertinent part: 

.·~ .•. (T)he water tesources of the State are public askets 
of the State held in trust for its citizens and are essen-
tial to the health, safety, economic welfare, recreational 
and aesthetic enjoyment, and general welfare, of the people 
of New Jersey; that ownership of these assets is in the 
State as trustee of the people; that because some areas with-
in the State do not·have enough water to meet their current 
needs and provide an adequate margin of safety, the water re-
sources of the State and any water brought into the State 
must be planned for and managed as a connnon resource from 
which the requirements of the-several regions and localities 
in the State shall be met; .•• that it is necessary to in-
sure that within each basin there exists adequate water sup-
plies to accommodate present and future needs; •.• (N.J.S.A. 
58 :lA-2) (emphasis added) 

To fulfill the hortatory objectives of this statute, the DEP is vested with 

broad regulatory powers. The agency may adopt rules and regulations "to control, 

conserve and manage the water supply • and the diversions of that water sup-

ply to assure the citizens of the State an adequate supply of water . u· 

N.J.S.A. 58:lA-5. While the administrative rules may be applicable throughout 

the State, they may be particularized to address local conditions. There appears 

to be implicit legislative recognition that the rules in water-deficient regions 

may be substantially more restrictive than in water-abundant areas. .N. J S.A. 

Note: · This section was writ ten and researched by Lewis Goldshore, Esq. and 
Marsha Wolf; Esq. 
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58:lA-5. Pursuant o this enabling authority, the DEP may be empowered.to 

adopt a broad array of regulations limiting, conditioning and controlling 

grol,lild waterwithdr wals in the Sourland Mountain region. 

The essential control mechanism in the Water Supply Management Act is a 

permit system for iversions, statutorily defined to include ground water 

withdrawals. N.J .. A. 58:lA-3, -5 to -8. Such diversion permits are statu-

torily required 

identifying and 

include provisions fixing maximum allowable diversions, 

iting the use of the water, permitting inspection and man..;. 

itoring by the DEP. · N.J.S.A. 58:lA-8. While th.e presumptive threshhold that 

necessitates a div rsion permit is 100,000 gallons per day, it appears that 

the DEP could just fy~imilar controls over smaller diversions, particularly 

in areas character zed by limited subsurface water supply. 

The current w ter diversion/allocation administrative rules adopted by the 

DEP and generally pplicable to persons desiring t.o divert more than 100,000 

gallons per day ar compiled at N.J.A.C. 7:19-1 et seq. Incorporated within 

the existing rule- king is a concern with maintaining adequate water supplies, 

with preventing in erferenc:e respecting existing water resources and withretog-

nizing the rights other water users. An applicant fora water diversion per-

mit is thus requir to provide all information to establish, among other things: 

1. the. plans proposed ate in the public interest 
and rovide for the proper and safe construction · 
of ll.works connected therewith; 

2. Tha diversion of .the quantity of water requested 
unduly interfere with other existing sup-

3. · diversion normally shall. not exceed the natural 
enishment or safe yield of the water resources 

or hreaten to exhaust such.waters or to render them 
unf t for use from any cause; 
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4. That the plans for the proposed diversions are just 
and equitable to the other water users affected there-, 
by; 

6. In the case of ground water only, that the proposed 
diversion does not lie within a cone of depression 
where the aquifer to be utilized is over stressed or 
threatened by saline intrusion, and that the location 
relative to hazardous waste disposal site or.other 
major source of pollution is not such as to be like-, 
ly to result in groundwater contamination; 

7. That there are adequate sewerage facilities for dis-
posal of sewage from areas to be served; 

(N.J.A.C. 7:19-2.2). 

These regulations provide an appropriate framework for the formulation of require-

ments that could be applied to applicants for smaller diversions in water-defici-

ent.regions. 

Another element of the water supply law that might be applicable under ex-

treme circumstances concerns water supply emergencies. I.n the event that a 

water supply shortage is so severe as. to endanger public health, safety or welfare, 

the State is vested with extraordinary remedial powers. Following a DEP deter-

mination of exigent conditions,·the Governor is authorized to proclaim by Execu-

tive Order a state of water .emergency an.d appropriate actions may be taken, in-

cluding the DEP issuance of orders to reduce water use or distribution, emergen-

cy interconnections and the imposition of a surcharge on water use. N.J.S.A. 

58:lA-4. It is presumed that these measures would be of a temporary duration. 

Thus, where the conditions are of a chronic nature, such as in the Sourland Moun-· 

tains, the preferable practice would be to rely on. other provisions of the statute 

for possible relief. 
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An ·additional statute enacted as part of the 1981 water supply ·legisla-
---- - --

that have applicability instant 
-_ 

tive package ight in ·the situ_atioµ. concerns - -

small water compan _es. - A ''small water company" is defined to· in.elude any pri-
' . . . . . . 

vate company, purv yor or entity, that supplies water to-less than 1,000 cus-

tomer conne_c:tionseo N.J.S.A .. --58:11-59 et seq~ 

This statute ould be applical;>le ·in.the event.that such small-water c<>mpan-
- - -

ies operate in the a:i;'ea in question and fail toc~mply with a DEF o~der co~cern-:-

;i.ng water quality r. water supply. Follo:wing a joint public hea;ing conducted 

by the DEF and the BPU' an cirder coµld be isirned dire~ting ~he .acquisition of -

the sIIiall water co p~ny by the most suita:ble publi~_, including municipal, or 
_-.. ··, ., . .- ' ·. 

pri~ate entity. -R lief under this .statute would only be available . in those -

situations where t ere was a p;eexisting- small wate'J'.' compa-q_y in -operation •. Thus; 

this statute is.li ely to be of li~ited~Ssistancewit?:respect to the So~rland 

Mountain Region. 

The water _sup ly measures adopted in 1981 were- preceded by supstantial legis-

la~ive invol_vement in water resource lJlW. As ea~ly as_ i954 the State recognized 

that_subdivisions _served by .sta:t~ approyed water supply. or sewerage systenis. 

-could --111 an. effort to -a_dd_ress this ~ituation, _The 

===..,t_--=-==-:~..;:;.::=-=i.-;;;.::..=::.:::.i;· ;z.:e:...--<...;;;an;;;;;-·:...d.;.._-.:;.F.;;;;a.:;.c.:;.i:...1.:;.i t.:;.1.:;.· e:...s:......;;;A.;;..;-c;..:;..t _ (19 54) , N. J .S. A. 5 8 ; 11...;. 2 3 et 

as liChapter 199", was enacted~ -

.· . ·. 

-. Tlie realty provement law authoriz~d the DEi to adopt miniinum st:andards for 

- the construction f indiv:i.du~l and ~~11 non ... community water supply and sewerage 

-facilities,- basic lly ind:ividual w~lls· and ~eptic tanks. and to .;iSSUre .th~t 

these syst~ms wer constructed in a safe, adeq~at~ ~nd proper manrier. N.J.S~A. _-

--- 58: 11-,-36 r ·-_. Such s aridards have been ·ado~ted ~rid are CC>mpiled at N. J .A.··c. 7: 9-2 .1 
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et ~- (standards for individual subsurface sewage disposal systems) and 

N.J.A.C. 7:10-12~1 et seq. (standards for public non-community and non-public 

water systems). The authority to. adopt more stringent standards at the local 

level is expressly recognized in the law. N .• J.S.A. 58:11-25 provides that no 

buildlng permit shall be issued for a realty improvement until compliance with 

State standards or more restrictive local standards has been determined. 

Except in unusual circumstances, that is, where more than 50 units are sub-

mitted for approval, the authority to determine compliance with the ,standards 

is generally assigned to the local board of health. N.J.S.A. 58:11-26. It 

should be noted that in some municipalities the powers of the board of health 

are assigned to another·municipal agency·or are provided under contract with 

a regional health agency. Even where larger developments have been constructed, 

developers have been able to avoid State level-DEPapproval by phasing the de-

velopment. N. J. S. A. 58 :11-25 .1. 

It appears that there is sufficient statutory authority to upgrade State-

level water supply regulations in wat~l'.'-deficient areas. N.J.S.A. 58:11-36. In 

such event, however, the enforcement of those standards for all practical pur-

poses would remain at the municipal level. An argument can be advanced for an 

increasesd State role in this process, particularly in those communities that 

have experienced serious problems with private wells or where local officials 

lack adequate training or interest to assure compliance with the standards. 

This realignment of administrative responsibility could be effectuated in a num~ 

ber of ways including the amendment of the realty improvement statute to express-
. . 

ly enable the DEP to designate critical areas for water supply purposes and 

limit the types of water supply facilities that could be constructed the.reafter. 
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lh. this regard, it 1:1hould be noted that a· procedure for designating critical 

.<areas. for s~werage facilities has been in place since 1966 an.d has been uti.:. 
, , , 

ii.zed iri low-lying areas along the coast: and ~in th~ pinelands. See N~J.S.A~ 

. $8:11-43 et seg .• ; cean Acres· Irie. v. State, .168 N. J~ Super. 597 (App. Div. 

1979), certif .•. den 81 N/J. 352 (1979) (rejecting challenge to DEP's design.a-
. . . . :. ' : - .: '; .- .. 

tion of central p e. barrens as a ~'critical area'' for sewerage and water qual- · 
. . .. '_, -. . . '. . 

. ity standards and. · o validity of DEP reguiatioris requiring developer to obtain 
, , 

• . ! • • • . ·- • ·.. ' •• - . ' .. 

permits to install septic systems on the. property); N.J. Bldrs. v. Dept. of 

Environmental Prot c., 169 N.J~ ?uper •. 76 (App. Div., 1979), certif. den. 81 

. . N.J. 402 (1979). 

. lation e:iq>·tessly 

· sufficient :exi.stin 

, ±n addition t 

t appears that even in. the· absence of . the enaCtment of leg is-. 

dtessingthese issues, it couldbeargued that there is 

general statutory authority to . remedy the situa~i~n. 

the a:uthorityvested in the PEP, the Board of.Public Utili-:. 

ties:. (l~PU) ~as subst~nti~l pow:ers cbncerning.investor~ownedwater utilities. 

Such entities are design~ted ;ublic utilities, ·at1d $Ubj ect t:o. the jurisdiction 

.~nd co11tr~l of the BPU· .. N.J.S~A. 48:2-13; 48:19-5 ~t seg •. ,Adciitionally, ,the . . . . ' .. . 

· BPU is authorized to direct private water companies to. p'rovide service in an 
. . ·- ' .. . . . . . . . . 

environlilentally a·· ceptable ~a0:ner ~· .·.·• N.J. S .A:. 48: 2...'.23,_ .<: ~i1e it.• is conceivable 

.··· ... · ~hat the .BPU .coul. beqome involved in: ~'em~diing .p~o~leins. in,wate.r-defici¢~t 

· .. small water comp 

tion·isunlikely. 

of the prevalence of .individuai private wells, · rather than 

ies, in.the .Sourland Mountains region~ theBPUis participa,-
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B. Municipal Government'is Role in Ground Water Management 

Pursuant to the police power, as well as the zoning power, local govern-

ment can have a very substantial role in water supply management. While there 

are some limitations on the exercise of these powers, a concerned local govern-. 

ment situated in a water-deficient region can have a very important part in pre-

venting and controlling water supply problems. 

The State Constitution 

In applying grants of municipal power it is helpful to refer to pertinent 

provisions of the State Constitution. Unlike some other states that have en-

acted systems of constitutional home rule, the New Jersey Legislature, subject 

to specified limitations, may freely adopt, amend and repeal statutes pertain..:: 

ingto municipal government. N. J. Const. (1947) Art. 4, section 7, par. 9. 

At the same time, however, the State Constitution mandates that where authority 

has been granted to local government either by the Constitution or by statute, 

these powers are to be broadly and liberally construed and are to encompass not 

only those powers which are expressly granted but those that can be reasonably 

implied. 

The provisions of this Constitution and of any law concern-
ing municipal corporations formed for local government, or 
concerning counties, shall be liberally construed in their 
favor. The powers of counties and such municipal corpora-
tions shall inciude not only those granted in express terms 
but also those of necessary or fair.implication, or incident 
to the powers expressly conferred, or essential thereto, and 
not inconsistent with or prohibited by this Constitution or 
bylaw. N.J. Const. (1947), Art. 4, section 7, par. 11. 
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Statutory aut ority for local involvement in the water supply management 

area includes the eneral police power, the zoning power, the statutory author-

ity of local board of health, and may additionally be implied from statutes 

concerning waters pply management. Where such powers are exercised, the Con-

stitution instruct .that they are to be liberally construed in favor of the 

municipal entity. 

General Polic Power 

Pursuant to t e Home Rule Act, N.J.S.A. 40:48-1 ~-; adopted in 1917, 

the governing body of every municipality is vested with broad general police 

powers. In additi n to enumerating the specific areas as to which ordinances 

may be enacted and. enforced by municipal government, the Home Rule Act provides 

a broad grant of a thority to enable a municipality to adopt any ordinance it 

deems necessary an proper to promote the public health, safety and welfare. 

This provision pro ides in its entirety: 

Any muni 
other 
trary 

ipality may make, amend, repeal and enforce such 
inances, regulations, rules and by-laws not con-
the laws of this state or of the United States, 

as it deem necessary and proper for the good govern-
er and protection of persons arid property, and 
reservation of the public health, safety and wel-

fare of the municipality and its inhabitants, and as may 
be necessary to carry into effect the powers and duties 
conferr d and imposed by this subtitle, or by any law. 
(N.J.S •• 40:48-2). 

This general grant of police power has been broadly construed by the courts 

to expressly dele ate State police powers to local governing bodies and is re-

garded as additio al to, not merely ancillary to, the detailed authorizations 

for municipal act on set forth in the statutes. Hudson Circle Servicenter, 

Inc. v. Kearny, 70 N.J. 289, 298(1976). Furthermore, the constitutional pro-.· 

vision providing hat "any law concerning municipal corporations • • • shall be 
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liberally construed in their favor", gives further weight to the express dele-

gation of police power to a municipality. N. J. Const. (1947) Art. IV, section 

7, par. 11; Id.; Quick Chek Food Stores v. Springfield Tp., 83 N. J. 438, 44 7 

(1980). 

Accordingly, a municipality is empowered to enact regulatory ordinances 

concerning any subject matter of local concern that is reasonably related to a 

legitimate object of the public health, safety or welfare, as long a.s the field 

has not otherwise·been preempted. Quick Chek Food Stores v. Springfield Tp., 

supra, 83 N.J. at 448. A presumption of validity and reasonableness attaches 

to ordinances, with the burden of proof to establish otherwise on the challeng-

ing party. Id. at 447. Only a clear showing that the ordinance is arbitrary or 

unreasonable can overcome this strong presumption of validity. Id. Further, 

the underlying policy and wisdom of ordinances are regarded as within the do-

main of the governing body and an ordinance will not be set aside if any state 

of facts may reasonably be conceived to justify it. Id. 

The broad delegation of police power set forth in N.J.S.A. 40:48-2 has 

accordingly been interpreted to authorize: the enactment of municipal ordinances 

concerning ah expansive range of subject matter. For example, in· the context 

of environmental protection and safeguarding the health and safety of the 

community, extensive local regulation of quarry operations was upheld. See 

Dock Watch Hollow Quarry Pit v. Tp. of Warren, 142 N. J. Super. 103 (App. Div. 

1976), aff'd o.b. 74 N.J. 312 (1977). In reaching this conclusion the court 

observed: 

•.• The Supreme Court has recognized that the protection 
of public health through the preservation of the environ-
ment is a valid, and indeed primary, objective of the police 
power. Huron Portland Cement Co. v. Detroit, 362 U.S. 440, 
442, 80 S .. Ct. 81~, 815, 4 L. Ed. 2d 852, 855 (1960). To-
day it cannot possibly be questioned that the pr.eservation 
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of the en ironment and the protection of ecological values 
are, with ut more, sufficient to warrant an exercise of 
this powe, • • • (142 N. J. Super. at 116, citations omitted). 

Indeed, it has been recognized by the courts that local government may be 

accorded the discretion to devise measures tailored to meet local needs. See 

In anamort et al. . Bor. of Fort Lee et al, 62 N.J. 521, 528 (1973) (upholds 

a rent control ord" ance in the absence of express enabling authority). Clear-

ly, a problem, sue as an inadequate water supply, existing in some municipali-

ties may be non-ex·stent in others. Accordingly, municipalities may choose to 

act in a manner wh"ch will best serve the local need. Id. at 529. For addi-

tional examples of ordinances held to be within the broad purview of the muni-

cipal police power see, ~-, Quick Chek Food Stores v. Springfield Tp., supra 

(restriction of bu iness hours of commercial establishment); Hudson Circle Ser-

, 70 N.J. 289 (1976) (regulation of parking lots opera-----~------i----vicenter Inc. v. 

ted in conjunction with "truck stops"); Lehrhaupt v. Flynn, 140 N. J. Super 250 

(App. Div. 1976) a f'd o.b. 75 N.J. 459 (1978) (requiring certain municipal offi-

cials to make full financial disclosure). 

In respect of the enforcement of local police power ordinances and penalties 

for violating such ordinances, a governing body may prescribe penalties for vio-

lation of such or inances by imprisonment for a term not exceeding 90 days, or 

by a fine not exc eding $500.00, or both. N.J.S.A. 40:49-5. See also N.J.S.A. 

40:69A-29(b) auth rizing Faulkner Act municipalities to adopt and enforce local 

police ordinances of all kinds and authorizing similar sanctions. 

The regulate y powers of the local boards of health should also be considered. 

While these agenc es exist in many communities, in some municipalities the board's 

responsibilities re assigned to another entity, generally to the governing body. 
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Moreover, there is a growing trend for the functions of the local boards to 

be assigned to a regional health agency. 

In those municipalities in which there is a local board of health, that 

entity has independent statutory authority to adopt local public health ordin-

ances for enumerated purposes. N.J.S.A. 26:3-31; 26:3-64. Monetary penalties 

of up to $500 may be imposed for the violation of a local health ordinance. 

N.J.S.A. 26:3-70. 

It appears that local boards of health could enact ordinances pertaining 

to water supply, but the precise scope of the regulatory authority is not clear. 

N.J.S.A. 26:3-31.a. To avoid jurisdictional questions, it may be more appro-

priate for a municipality desirous of enacting controls in this area to rely 

on the general grant of the police power pursuant to N.J.S.A. 40:48-2, rather 

than the powers granted to the local board of health. 

Furthermore, it should be noted that pursuant to the Environmental Rights 

Act, N.J.S.A. 2A:35A-l et~-, a local governing body or any other political 

subdivision of the State, is authorized to maintain a court action against any 

other person to enforce or to restrain the violation of, any statute, regula-

tion or ordinance designed to prevent or minimize pollution, impairment or en-

vironmental destruction. N.J.S.A. 2A:35A-4. Thus in the event that a munici-

pality determined that a State water supply management statute was being vio-

lated, it could commence a law.suit to directly enforce the applicable provision 

of law. 

Municipal Land Use Controls 

Municipal land use controls constitute another source of authority for the 

municipal regulation of water supply. In this regard, the State Constitution 



expressly authorize the process of local zoning: 

2. laws. The Legislature may enact general laws 
h municipalities, other than counties, may 

adopt zon ng ordinances limiting and restricting to speci-
fied dist icts and regulating therein, buildings and struc-
tures, ac ording to their construction, and the nature and 
extent of their use, and the nature and extent of the uses 
of land, nd the exercise of such authority shall be deemed 
within th police power of the State. Such laws shall be 
subject t repeal or alteration by the Legislature. (N.J. 
Const. (1 47) Art. IV, section VI, par. 2). --

Through the 

~-, the Legislat 

of the Municipal Land Use Law, N.J.S.A. 40:SD-l et 

implemented the constitutional zoning enabling pro-

vision. Several p ovisions of the Municipal Land Use Law are applicable to 

the municipal regu water supply. Included in the intent and purpose 

of the 

a. 
use. 
which wi 
eral wel 

courage municipal action to guide the appropriate 
velopment of all lands in this State, in a manner 
1 promote the public health, safety, morals and gen-

b. To s cure safety from fire, flood, panic and other natural 
.and man- ade disasters; 

e. Top omote.the establishment of appropriate population 
densitie and concentrations that will contribute to the well-
being of persons, neighborhoods, communities and regions and 
preserva ion of the environment; 

g. To ovide sufficient space in appropriate locations for 
of agricultural, residential, recreational, commer-

industrial uses and open space, both public arid pri-
vate, ac ording to their respective environmental requirements 
in order to meet the needs of all New Jersey citizens; 

j. To 
natural 
tion of 

romote the conservation of open space and valuable 
resources and to prevent urban sprawl and degrada--
the environment through improper use of land; 

(N.J.S . . 40:SSS-2). 
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. . . . . 
Implicit in .the development e>f sound zoning regulation is that.municipalities 

consider the State's public policy of preserving t"Qe·environment; local zoning 

decisions may thus be properly influenced by the concern with protecting the 

environmen·t :from ~ollution,. impairment and. destruction. 
.. ' 

Lusardi v. Curtis Point 

Prop. Owners Ass'n. 86 N.J. '217, 229 n.3 (1981); N.J.S.A. 4O:55D-2(e), (g), 

(i), (j); N.J.S.A. 2A:35A-2. Moreover, as a practic.al ~tter, the adequacy and 

reliability of an area's water supply are major factors in determining its rate 

of growth and development. 

Any doubt concerning the importance of int~grating environmental factors in 

the land use process was re~oved by the Supreme. Court in_ its recent decision in 

So. Burlington Cty. N.A~A.C.P. v. Mount Laurel Tp., 92 N.J. 158 (1983), common-

ly referred to as Mount Laurel II. In this regard, particularly in areas desig- .· 
. . : ' . 

' ' 

nated as "iiniited growth"·, "agriculture" or "conservation" areas by the State 

Development Guide Plan, ·environmental considerations limit such municipalities' 

. housing obligation to ifs indigenoti~ly generated present need. In those munici-

palities containing growth areas, however, environmental impact must be shown to 

be substantial before it may be used to restrict the construction of afforda:ble 

housing. Accordingly, under the_ rationale of-the Mount Laurel II decision, 

concern for-protection of the environment remains strong. Of further relevance 

to local concern with water supply issues, is the Court's statement that as 

long as a community satisfies its fair share obligation, other measures_, includ-
' ' 

ing large-lot and open area zoning, will not be restricted by the Mourit Laurel 
·.. : . '• . 

doctrine. Tl)us, low density limitations which may b~ a useful approach in 

water"'.""deficient a,reas., · are not necessarily violative of Mount Laurel obligations 

as long_assuch obligations are otherwise satisfied. 

Of particular relevan.ce to. the. int'egration of water supply concerns in 
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the local land use rocess, is .the provision in the Municipal Land Use Law pro-

viding for the real zation of the statute's objectives by the adoption of a 

master plan "to gui e the use of lands within the municipality in a manner which 

protects public heath and safety and promotes the general welfare". N.J.S.A. 

40:55D-28a. Themot essential element in the plan, the land use plan element, 

provides the ration le for the zoning ordinance, and is expressly required to 

take into ter supply issues: 

(2) A 1 d use plan element (a) taking into account the 
other mas er plan elements and natural conditions, in-
cluding, ut not necessarily limited to, topography, soil 
conditions, water supply, drainage, flood plain areas, 
marshes ad woodlands. (N.J.S.A. 40:55D-28b.(2) 
(emphasis added). 

Other optiona elements of the master plan involve water supply considera-

tions. The utilit service plan element should analyze the need for and indi-

cate the future ge location of water supply and distribution facilities, 

as well as drainag and flood control facilities, sewerage and waste treatment, 

solid waste dispos 1 and other related utilities. N.J.S.A. 40:55D-28b. (5) 

The master plan ma also include a conservation plan element which provides for 

the preservation, onservation and utilization of natural resources which in-

elude to the exten appropriate, open space, water, and soil. N.J.S.A. 40:55D-

28b. (8). The mast r plan may thus be quite detailed and comprehensive and should 

properly incorpora e water supply issues. Experience indicates that few munici-

pal master plans r fleet these statutory goals. 

The subdivision and site plan review processes provide additional opportuni-

ties for municipalities to deal responsibly with water supply needs. N.J.S.A. 

40:55D-37 and -38. These ordinances must include provisions ensuring, among 

other things, "ad quate water supply, drainage, shade trees, sewerage facilities 
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and other utilities necessary for essential services to residents and occupants~'. 
. . 

N.J. S.A. 40:55D-3Bb. (3). As a discretionary provision, the governing body may. 
. . . : . . 

include. in an ordinance.requiring planning board approval of either subdivisions 

or site plans or both, . "provisions for off~tract water, sewer, drainage, and 

street improvements which are necessitated by a subdivision or land development 
. . 

" N.J;.S.A. 40:55D-39a. Additionally, a governing body by ordinance.may 

adopt; regulations requiring a developer as a condition for subciivision or site 

plan approval to pay a pro-rata share of the cost of.providing reasonable and 

necessary street improvements and water, sewerage and drainage facilities, as 

well as easements for such facilities, which are located.outside the subdivision's 

property limit but are necessitated by virtue of the construction or improvements 

within the subdivision or development. N~J.S.A. 40:SSD-42. 

,, . . . 

Another important grant of authority to local government pursuant to the 

Municipal Land Use Law, from which·the power to address water·supply concerns 

may be derived, is through the governing body's adoption or a~endment of zon-

ing ordinances relating to the nature and extent of.the uses of land and of the 

buildings and structures the.reon. N. J. S .A. 40 :SSD-62. It is through the· adoption 

of such zoning provisions that the municipality exercises .its ultimate responsi-
. . . . . .. . : . ' 

bility to ~stablish the essential land use character of the community. In order 

to fulfill the underiying purposes of the land use.statute, including the a.ppro-

priate use or development of lands in accorda11ce with the pul::,lic health, safety 
. . . ·. . . 

and welfare and to respect environmental consider.at ions, the law requires that 

zoning ordinances "shall be drawn with ri:!asonable consideration to the character 

.. of each district• and its peculiar suitability for particular ·uses· and to en-

courage the most appropriate use of la.rid II, : . N. J. S.A. 40 :55D-62a. Thus,. muni-
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cipal officials are encouraged to regulate land use in water-deficient regions 

in a manner that respects and is compatible with the environmental limitations 

of development. T the extent that objective scientific information concern-

ing water supply is available to assist local planners in determim-

ing appropriate de sities or other restrictions, such information should be uti-

lized in formulati g the regulations. 

tations On The Exercise Of Local Authority 

In considerin water supply management powers of municipalities, it is also 

necessary to recogri~e 

government must ac in 

the limitations on the exercise of that authority. Local 

accordance with authority delegated to it by the State 

Constitution and b statute; there is no inherent jurisdiction as such, to 

regulations. Dome Realty, Inc. v. Paterson, 83 N.J. 212, 

225 (1980). Municipalities may accordingly enact ordinanc~s pursuant to their 

general police po er and pursuant to their zoning power. 

In determin" g whether police power delegated to municipalities encompasses 

the power to addr ss a given matter, the Court has set forth a three-prong test 

involving the inq iry whether the State Constitution prohibits the delegation of 

the power at issu ; if the grant of power is permissible, whether the Legisla-

ture has, in fact done so; and if the statutes vesting such police power in 

municipalities inrlude the area 

other statutes de ling with the 
\ 

under consideration, whether the existence of 

subject matter preempt or bar the exercise of 

local initiative. Inganamort, et al. v. Bor. of Fort Lee, et al., 62 N.J. 521, 

527 (1973). 

Additionally, all enactments are subject to constitutional limitations that 

. 
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they not be unreasonable, arbitracy or capricious and that the means.have a real· 

and substantial relation to the purposes sought to be atta~ned~ 

. . . 

In general, there is a: presumption that.· action has been·· taken on the basis 

of adequate factual support and in theabsence of a sufficient showing to the 

·contrary, it is assumed that such enactments are grounded on a rational basis. 

This presumption may be overcome only by proofs precluding the possibi~ity that 

there could have been any set of facts known to the legislative body which would. 

rationally support the conclusion that the enactment is in accordance with the 
. . 

public interest. Dome Realtv. Inc. v. Paterson, 83 N.J. 212~ 23:S · (1980). 

Additionally, while municipal ordinances, including zoning ordinances, are· 

generally entitled to a presumption of validity that may be overcome only by 

an affirmative showing of the arbitrary or unreasonable nature of the ordinance; 
. . 

ordinances adopted pursuant ·to the Municipal Land Use Law must also be cons;ist-

·ent with the standards set forth.therein. Lusardi v. Curtis Point Prop. ·Qwners 

Ass'n., supra, 86 N.J. at 22(, •. 

. It is also axiomatic that all. ofdinances are constitutionally requited to con.,. 

tain reasonably explicit standards to accord a person of ordinary intelligence 
. . 

fair notice of the nature of the prohibited conduct. ·See, ~-, Belmar v. Buckley, 
. . 

187 N.J. Super. 107, 112 (App. Div. 1982). Arbitrary and indiscriminant appli-

cation of .the law can be avoided by means of the requirement that thf= terms be . 

reasonably definite and certain. See, ~-, Morristown Rd •. Assoc. v •. Mayor of 
. . . . . .. 

Bernardsville, 163 N.J. Super. 58, 63 '(Law :l>iv. 1978)(invaiidating amendment to 

a zoning ordinance ~stablishing ~eview o~ site plans by design reyiew committee 
. . . . 

based on the. criteria of harmony of architectural. design on the grounds that 
· .. ; . .. . ' . '',,_. . . 

. such standards were unduly l:>road and vague, . the absenc~ e>f .• guidelines ve~ted 
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the reviewing bodie with unlimited discretion and would preclude conformance 

with the requiremen s of the ordinance by the applicant and would permit the 

arbitrary and capri ious application of the ordinance). Thus, zoning or 

police power regula ions that limit development because of water supply limita-

tions must be based on a firm factual foundation and be reasonably understand-

able. 

Another import nt issue to be addressed with respect to local regulation 

of water supply though the land use process is that of State preemption or pre-

clusion of local r This doctrine is predicated upon the principle 

that municipalitie, as agents of the State and as entities possessing delegated 

powers, are preclu ed from acting in a manner contrary to the State and may not 

contradict a polic established by the Legislature. Sunnner v. Teaneck, 53 N. J •. 

548, 554-555 (1969 • To determine whether or not the exercise of local initia-

tive is in conflic with the preemption doctrine, it is necessary to determine 

if the legislative enactment is intended to exclusively occupy the area, if the 

municipal ordinanc conflicts with the statute, if the particular subject re-

quires uniformity f regulation throughout the State, or if the State law is 

so pervasive or co prehensive as to preclude coexisting municipal regulation. 

Overlook Ter. Mana e. v. Rent Control Bd. of W. New York, 71 N.J. 451,461-462 

(1976); Dome Realt Inc. v. Paterson, 83 N.J. 212 (1980). The Court has iden-

tified a number of considerations relevant to a determination of preemption: 

1. Does the ordinance conflict with the state law, 
either b cause· of conflicting policies or operational 
effect, (that is, does the ordinance forbid what the 
Legislat re has. permitted or does the ordinance permit 
what the Legislature has forbidden)? ••• 

2. Was the state law intended expressly or impliedly 
to bee elusive in the field? ••• 
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3. Does the subject matter reflect a need for uniform-
ity? • 

4. Is the state scheme so pervasive or comprehensive 
that it precludes coexistence of municipal regulation?. 

5. Does the ordinance stand 'as an obstacle to the 
accomplishment and execution of the full purposes and 
objectives' of the Legislature? ••• 

(Overlook Ter. Manage. v. Rent Control Bd. of W. New 
York, supra, 71 N.J. at 461-62) (citations omitted). 

As a result of the application of these criteria, the courts have on 

occasion invalidated local ordinances. See, ~g. , Little Falls Tp. v. Bardin, 

173 N. J. Super 397 (App. Div. 1979}, certif. den. 82 N.J. 286 (1980) (town-

ship ordinance precluding the operation of a sanitary landfill within the 

geographical boundaries of the municipality was held to be preempted by the 

Solid Waste Management Act); Brunetti v. Milford, 68 N. J. 576 (1975) (State 

legislation concerning landlord/tenant relations preempted the eviction pro-

visions of a local rent control ordinance since the State statute provided "a 

complete system of law"); State v. Crawley, 90 N. J. 241 (1982) (New Jersey 

Code of Criminal Justice, N.J.S.A. 2C:l-1 et seg., determined to preempt a muni-

cipal loitering ordinance)~ In other instances, objections to local ordinances 

on preemption· grounds have been unsuccessful. Accordingly, a municipal ordinance 

requiring substantial compliance with the standards of habitability contained in 

its housing c.ode before a new tenant could take possession of rented residential 

premises was held to be valid despite the challenge of preemption. Dome Realty, 

Inc. v. Paterson; 83 N. J. 212 (1980). For other instances in which the Legis-

lature was held not to have intended to preempt municipal action to address 

local concerns in a given area see,~-, Summer v. Teaneck, 53 N.J. 548 (1969) 

(upholding ordinance preventing blockbusting}; Belmar v. Buckley, 187 N.J •. 

Super. 107 (App. Div. 1982) (the ::cv Jersey Code of Criminal Justice did not 
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preempt local enact ent prohibiting public nudity of a character not rising 

to the level of lew ness). It appears that the preemption doctrine should 

not pose serious im e!diments to thoughtfully prepared local ordinances concern-

ing water supply. 

One other aspe t of water supply law could potentially have an impact 

on remedial.initiat·ves by municipal government. In addition to the regulatory 

system consisting of State water supply statutes and pertinent municipal or-

dinances, there ar a number of common law rules derived from judicial deci-

Edons that define d control water rights issues between competing public and 

private resource. It should additionally be noted that as a re-

sult of the relati e abundance of New Jersey's water supply as compared to 

the arid West, wat r rights issues in New Jersey are not as well developed as 

in other jurisdict ons. 

In general, t e common law system enable.s a landowner to make reasonal:>le 

withdrawals of sub urface water for uses in connection with the overlying pro-

perty. See 

the now classic 

v. East Oran e, 77 N.J.L. 623 (E & A 1909) which enunciated 

tement of the "reasonable user" doctrine and Woodsum v. Pem-

berton Tp., 172 N.J. Super 489 (Law Div •. 1980),' aff'd 177 N. J. Super. 639 (App. 

Div. 1981), for a recent application of the principles concerning the relative 

rights of a priva e person and public entity in underground waters used by both. 

Special provision concerning priorities may apply in times of drought. It 

appears logical tat an analogous system of priorities would be applied by 

the courts in wat r-deficient areas. 

Ordinarily, conflict between the regulatory system and common law rules 
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defining rights between competing users wi.11 not· arise •. In the event that a 

conflict did develop, it is likely that the regulatory approach, if reasonable, 

would prevail. To assure that there was no such inconsistency, a municipality 

proposing to directly control or limit subsurface withdrawals should devote 

thoughtful•consideration to the reasonableness of its approach as well as to 

water rights issues. 

In conclusion, a review of the applicable statutory provisions and case 

law decisions indicates that the State, as well as municipal governments, have 

a substantial residuum of presently unutilized authority concerning water sup-

ply management. The State's powers are expansive and are not limited to diver-

sions exceeding 100,000 gallons a day, particularly in areas where the resource 

is limited or threatened. If conditions were considered to be serious in water-

deficient areas, the State DEP would clearly be justified in taking remedial 

action. 

The unmet challenge, however, concerning water supply management is clearly 

at the municipal level. Local government has the potential through the reason- . 

able exercise·of the zoning power and police power to have a significant role 

in the water supply management process. Zoning and subdivision regulations may 

be adopted that are protective of existing and prospective water supply condi-

tions. Limitations should be based on technical supporting information, recogniz-

ing that sound judgment, rather than absolute precision, should suffice as the 

controlling standard. 

The police power provides a broad range of possibilities for municipalities 

in water-deficient areas. At a minimum, local governments should consider de-

veloping procedures to assure that existing State standards are, in fact, being 
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strictly adhered t and maintained. Furthermore, where justified, it appears 

that municipalitie are empowered to adopt requirements adequate to protect 

the ground water r source, even if these requirements are more restrictive than 

those set forth in State provisions. 



IV. PUBLIC POLICY MEASURES FOR GROUNDWATER CONSERVATION 

A. An Intergovernmental Process 

Section. IIT of this report concludes that the State and municipal govern-

ments each have "a substantial residuum of presently unutilized authority con-· 

cerning water supply management." 

As noted, ground water supplies in the Sourland Mountain vicinity are even 

now being stressed in some areas and these pressures will certainly increase in 

the future. Thus,·the question is not whether government can respond but, rather 

what the appropriate governmental response should be. How can each level of govern-

ment most effectively deploy its authority to protect the sustained, perennial 

yield of the ground water resource? While the details of such a policy are beyond 

the scope of this report, a preliminary discussion is appropriate. 

First, it should not be assumed that centralized water distribution by public 

or private purveyors will be feasible throughout areas such as the vicinity of 

the Sourlands. Here, as in other suburban fringe areas similarly situated, the 

density of residential development is likely to be so low that, even as develop-

ment continues, the installation of a water .distribution system may prove pro-

hibitively expensive. In the overall suburban development mix there will of 

course be concentrations of higher density residential and non-residential develop-

ment, principally along highway corridors, that can economically be served by cen-

tralized systems. However, in outlying areas, residential development can be ex-

pected to be at far lower average densities than New Jersey has been accustomed to. 

This is a departure from the traditional pattern.of suburban growth, where the.den-
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typically high enough to support centralized water supply: 

ry. 

The New Jerse •statewide· Water Su 1 Master Plan, adopted in 1982, states: 

This document .. also 

Ultimately, ~.e·must ali realize that the 
continued availability of adequate and 

· safe water supplies for'future generations · 
ill require implementation and enforce-· 

. of spund .land use. policies .1 
. . : 

that•".~. the active assistance of·c:~u~ties and municipal,;_ 

ities as they· apply t eir land use powers ].n urban a~d urbanizing areas" will be 

inciispensable to ~he success of aquifer protection programs~· .. · 
: . .' . . . '. . '·. . . . ,• 

A subsequent.· 

NJDEP's ·intention 

to the Water Su~ll[MaStedlan (August, 1983) 2 states 

~eg~lations authorizing the. Departm~nt .to delineate 
' . . . . . . . 

''wacer' supply ~ri~ic 1 areas" when, among other conditions, there is a shortage 
. . . - . . . . 

of ground water. ·1s understood that regulations implenientingthis concept 

have now been drafte . and are presently. under review .•. 

At.the p+esent,only t!1e'State Departnient•Of Environmental Protection has 

··. the technical res our. es to evaluate groundwater res.ou~ce~ .and thdrawal pro-

posals. This ely because of the absence of ctdequate data. Ev'aluatipn 

"tJnder these C:irc:um$t nces becomes a question of-professional ~xperience and judg-. 
·. '. .. . . . ... . . . ; . ,. ·. 

ment .•. In addition,. round water is characteristically a iesou:rce of'region~l 

dimensions~ requirin regionai management~· The interests of one municipali~y may 
- ... 

conflict with.its ne ghborswho may share the same gtound water resource. These 

1.N.J. J)epartment. of En~rorunental:J>~otecdo~, New Jersey Statewide Water 
Supply Master Plan A.pril, 19 8.2, p. 62 . . 

·· .. 2. ·. ·... .·· .. 
· .. · N •. J •. Depart;ment o 
. · .. Plan Update, Augus 

. . ··. . 

Environinental Pro_t~ctiorif State~ide Water ~upply Master. 
, 1983~?-2 • 
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are strong arguments for a staterole. 

On the other .hand, municipalities review lartd development proposals routine-

ly, and are charged by law with the protection of the water supply as well as 

other resources. In the past decade, water supply considerations have become 

very much a part of municipal master plans and zoning ordinances.. It is not like-

ly that localgovernments will choose to turn this responsibility over to the 

state. Further, many withdrawals of water, such as those through domestic wells· 

are very_ small. 
. . . . 

With the proper policy framework, it would be more efficient to 

have applications for such withdrawals reviewed_locally. 

Given the appropriateness and legitimacy of both municipal.and state involve.:. 

ment in ground water management, care should be. given to a clearly s_tated inter-

· governmental procedure giving both municipalities and the State explicit responsi-

bilities. The draft l'Elements of a Ground Water Conservation Ordinance!' provided 

below outlines municipal responsibilities. The Department of En.vironmental Pro-
. . . . : . ·.. •, . 

tection, with its draft water supply tnB:nagement•regulations, h~s begun to define 

a state tole. ·As.· the state drafting and review process continues, it is expected 

that the responsibilities of.the various levels of government will be more explicit-

ly defined. 

Th.is discussion would not be complete without mention of the potential county 
. . . 

role·. in ground water management~ Counties are a regional level of government, 

intermediate between the state and the municipalities. Counties are more capable 
:-· . ' .· . . . . 

financially of supporting a technical staff: · Indeed~. several ~ew Jersey counties 

already. employ environmentaily-trained specialists~· .. Counties· could e:j:fectively re-
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gulate ground water ithdrawals under overall policy guidance from. the State. 

Indeed, among ''wate shed and aquifer protection" programs elements listed in 

management program, the context of the .. County Environmental Health Act (N. J. S. A. 

26: 3A2-21) which a certain authority for such activity. 

Clearly, the d velopment and adoption of a well-balanced intergovernmental 

process for ground ater regulation Will require time and thought. In the mean-

time, municipalitie the Sourlands area and throughout the state are revising 

master plans and zo ordinances. It is important that these local initiatives 

incorporate thinking available. In other states where·ground water supp1y 

own initiative as w With this.trend in mind, the following !'Elements of a 

Ground Water Conse ation Ordinance" .is presented. 

B. Recomm nded Munici al Ground Water Conservation Measures 

available to local government to manage and conserve ground 

water resources res accord with the findings of this report. 

First, the mun"cipal master plan and zoning ordinance should be reviewed and 

1 amended to refle.ct he recommendations of Section II-:H -'1th respect to average de-

velopment density based upon gre>und water yield. 

icipality · should establish ulow ground water yield areas"~ 
. . . - . 

These are areas where scientific analysis has concluded that withdrawal of ground 
. . 

water through agri ultural, domestic, or commercial wells may adversely. affect the 

long-term equilibr"wn of the ground and surface. wa,ters; may result in interference . 

1 see American Planing Association Local Groundwater Protection Programs. PAS 
Memo 83-"8, August, 1983. 
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between existing and prospective wells; and may adversely affect the natural flow 

of streams. 

Third, special review procedures designed to.protect the ground water supply 

for present as well as future users should .be applied within "low.ground water· 

yield areas". A draft presentation of elements of a ground water conservation 

ordinance appropriate for suchareas follows. Both the underlying minimum average 

development densities and the special review requirements are required because of 

the variability of hydrogeological conditions in the study area. It is difficult 

to generalize about conditions at a particular development site. The proposal 

that follows is intended to reveal conditions at the specific development site. 

ELEMENTS ·oF A GROUND WATER CONSERVATION ORDINANCE 

1.0 Purposes 

The purposes of this ordinance are to maintain the long--ter,m natural equili-

brium of the ground and surface waters of (insert name of municipality); to pre-

vent interference between existing and prospective wells; to maintain the natural 

flow of streams; and to assure the availability of indigenous natural sources of 

water for present and future generations. 

2.0 Definitions 

Agricultural use. The use of land for common farmsite activities including 

but not limited to: production, harvesting, storage, grading, packaging, process-

ing and the wholesale and retail marketing of crops, plants, animals and other re-

lated commodities and the use and application of techniques and methods of soil 

preparation and management, fertilization, weed, disease and pest control, dis-

posal of farm waste, irrigation, drainage and water management, and grazing; 
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Applicant. Ad veloper submitting an application for development (MLUL) 

A lication for Develo ment. The application form and all accompanying docu-

ments required by or inance for approval of a subdivision plat, site plan, planned 

development, conditi nal use, zoning variance, or direction of the issuance of a 

permit pursuant to S ction 25 or Section 27 of Ch. 291, Laws of 1975. (Ml.UL) 

Communit 

water that is 

A source and distribution system for potable 

any governmentally-owned water supply system. Ground 

of a community well r well field. 

~L~ow:....;_;_-=r~o~u~n=d_w.;.;..:;a~t~e~....,__;;i~e~l~d;c__a~r~e.;;..;;..a.;;..s. Areas designated as such by the Township Commit-

tee, where scientifi analysis as cited in Section 3.0 of this ordinance shows that 

withdrawal of excess ve amounts of ground water through agricultural, domestic, or 

commercial wells may contravene the purposes of this ordinance. 

Developer. The legal or beneficial owner or owners of a .lot or of any land 

proposed to be ed in a proposed development including the holder of an option 

or contract to se, or other person having an enforceable proprietary interest 

in such land. (Ml.UL) 

. . 

Local enforceme t officer. The municipal health officer or other technical 

representative oft e municipality as designated by the township committee. 

(Note: The person r agency responsible should be so designated in the ordinance.) 

Local land use The municipal agency responsible for review and ap-
' 

·. proval of an applic tion for development. 

Note: Ml.UL indicat s definition taken from the Municipal Land Use Law, Ch. 291, 
Laws of 1975 
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3.0 Low Ground Water Yield Areas 

. . . 
. . ' . . 

3.1 Lo:w ground water yield areas within (i~sert name of municipality) 
.. . . ' . .· 

are identified on the map attached hereto ~ncl made apart of this.ordinance. 

3.2 Low. ground water yield areas have been designated on the basis of {cite 

reference to scientific study or studies) which identify these. areas and recommend 

amounts of g~·oµnd water. that may be withdrawn withou~ contravening the purposes 

of this ordinance. 

. . . . . . 

3.3 The provisions of $ections 4.0, 5.0, 6.0 and 7.0 shall be applicable 

. within low g:round water yield areas •. 

4.0 Construction Permits. 

4.1 No construction permit for ~·new home or other structure.shall be issued. 

unless the well intended to serve the home(s) or other structure(s) has been 

drilled, and tested by the applicant, and certified by the local enforcement officer 

as complyirtg with state standards for the construction of public no~-community and nori_ 

public water systems (N.J.A.C, 7:10 - 3.20 et seq.), and as being otherwise acceptable 

as specified in Section 7.0 of this ordinance. 

5.0 Agricultural Use 

.. . : 

5 .1 A;. person intending to use ground water for agricultural purposes shall 

be entitled to no more than the · amount. of ground water calculated on the 1:)asis of 

the following fo~ula: 



5.2 

tested by the owner 

with the applicable 

6.0 

Yp = 

where: 
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Yp 

(Ye) 

= Amount to which the property. 
owner is entitled 

Ap Area of property ownership 

Y c , Perennial yield of the 
area in gals (day/mi. 2) 

pumpep for production, an agricultural well shall be 

by the local enforcement officer.in accordance 

Section 7 .O. 

6 .1 The provisions of this Section shall apply to applications for subdivi_sion 

of 3 or mor~ lots; onstruction of 3 or more dwelling units; and construction of more 

than 5,000 square f et of space for non-residential purposes. 

6.2 An tion shallinclude a report by a qualified hydrologist on the 

geohydrology of the proposed development site and its environs. The report shall 

cover the following 

(a) A discussion of the geohydro1ogy. of the 
site and its environs including location 
of any known fractures or faults. 

(b) Location and technical specifications 
for the proposed well(sJ. 

(c) Location and technical specifications 
for disposal. 

(d) Results of the tests described in Section 
7.0. 
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(e) A full discussion of the effect that the 
proposed withdrawal will have on the long 
term equilibrium of the ground and surface 
waters of (insert name of township): exist-
ing and prospective wells; the natural flow 
of streams; and the availability of indigen-
ous natural sources of water for present and 
future generations. 

6.3 On receipt of the report specified in 6.2 the local enforcement officer 

shall forward a copy to the State Division of Water Resources for review, conunent 

and reconunendation. The Division's comments and reconnnendations regarding the ap-

plication shall be attached to the application for development for consideration 

by the local land use agency. 

6.4 The local land use agency shall not approve an application for development 

unless the applicant's report, the State Division of Water Resources's report and 

its own analysis conclude that the applicant's plans for water supply will not un-

reasonably contravene the purposes of this ordinance. The local land use agency 

may disapprove an applicant's water supply plans with conditions or may require ad-

ditional surveys or tests before approving the application, or the local land use 

agency may approve the application when it is satisfied that the requirements of 

this ordinance have been met. 

7.0 Specifications for Well Tests 

7.1 Test wells may be required by the local enforcement.officer on or near 

the proposed development site. The wells shall be located geographically by the 

local enforcement officer in consultation with the applicant and Division of Water 

Resources staff. The following shall be a guide to the number of test well required: 
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Subdivisions or Site Plans 

No. of L ts or Units ' 

3 - 10 

11 - 25 

26 - 49 

Test 

1 

1 

2 

Wells 

Observation 

1 

2 

2 

50 nd over At the enforcement officer's discretion 

·community Systems 

1 3 

(Additional tes wells.may be required at the local enforcement officer's 
discretion.) · 

7. 2 The test w lls shall be pumped continuously for 8 hours. • In accord'-
C, • .• 

.·~ 

ance with N.J.A.C. 7:10-3.58, each well shall be tested for yield, drawdown and· 

recovery. The fol lo ing information ,about each well will be furnished to the 

·. ,~:· 

and r~corded on the well record by the driller and trans-

b) Year 

c) 

d) 

f) Depth 

Water Resources. 

· g) Depth of. casing (should be a minimum of 50 ft.) 

. h) Sta ti, water level (the elevation of water in a well 
whe · no pllIIlping is in progres~) 

i) PU1npi g level (in feet) 

j) .Hours pumped (should be a minimum of 8 hours) 
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k) Drawdown in feet 

1) Rec,overy time · 

m) Depth to bedrock 

n) Elevation at ground surface 

o) Specific capacity (gpm/foot of drawdown) 

7~3 Observation wells and all existing domestic and other wells 'Within 500' 

of the boundaries of the proposed development site shall be monitored by the appli-

cant continuously during the pumping test and any change in well levels shall be 

recorded. The local enforcement officer may require monitoring of wells further 

from the boundaries of the proposed development site_ if hydrogec,logic co:nditions 

warrant it. 

7.4 If a drawdown exceeding 2' is observed in any observation well or a-

well on a neighboring property or·if in the judgment of the local enfqrcement 

officer or the local land use agent.there is reason to believe that the purposes 

of this ordinance may, in any way, be contravened by the proposed.withdrawals, . . ,. . .. . . 

additional test pumping may be required byth~ enf~rce~ent officer. 

* * * 

It is important to emphasize that the foregoing is presented as an outline 

for consideration by municipalities •. Before adoption:, the outline sho~ld be re-

viewed by the municipal attorney~ engineer, and planner ~nd adapted to the par-

ticular circumstances and considerations affec1:ing that municipality. -






