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I. INTRODUCTION AND SUMMARY

New Jersey's g:ound 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 pﬁblic policy have resulted.

Now, in many parts of New Jersey, thére 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
thé major suburban highway corridors - Route 287, Route 22, Route 1, for example.
With growing employment has come a corresponding demand for hqusing 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, Hercer, and
Hunterdon Counties. Here, residential development has been accompanied by a growing
number of documented instances of well failure - a cause for sérious public concern
if one considers the expense of drilling‘a wéll and building a home oﬁly'to find

that the well is not adequate and public water unavailable.



.'1,_ vation of fruits and

o wells areﬂln,some c

A shift‘in the type of agricultural production toward more 1ntensive cultl—f”

vegetables may also compound the ground water supply problem '

’in.theffuture.” These | crops require irrlgation, and a new "trlckle" 1rrigat10n

technology has made_lntensive productlon fea51b1e in 1ocations where 1t would not

 have been‘before,.a sumlng a water supply’ls avallable. ”

" In Bucks and M ntgomery‘Countles, Pennsylvanla where‘exurban development has
» proceeded farther t an 1t‘has in central New Jersey,bground water w1thdrawal al—
ready exceeds the c pablllty of the aqu1fer to replenish 1tself kS Publlc supply
ses’ threatened -and stream flows have d1m1n1shed ‘This is par-
a tlcularly 31gn1f1camt because geologlc condltlons 1n these countleslare very s1m1—

lar to those 1n central New Jersey.__“

Before turn1ng to the spec1f1cs ofithls study, a revrew;of some- 1mportant
"character1st1cs of the ground water system is in order.g Flrst, ground and surface
water‘aretconnected‘as'elementSQof‘what,we‘have come to know as,the naturaleaterf
lcycle (see figurefl),_ While there may be a 1arge amount of‘water in storage 1nv
‘fthe,ground,hthfs2"rbserv01r is replenlshed only by some fract1on of the ralnfall
;that'makes/itshway down through the SOll', If‘ recharge 1s notvmalntalned the
’.féroundiWatervreserv01r w1ll dlmlnlsh. bleew1se,‘the reserv01r will dlmlsh‘lf an

' excessive amountbis w1thdrawn through wells.

Second; ground water‘feeds streams‘“ In the summer months, the flow of ground
: "Water_istvirtually the only source of stream flow.» Thus, surface water and ground

‘water arelintimate]y 1nterrelated though the latter may be 1nv151b1e.‘”

'v{The:Sourland‘¥ountain.studyrarea»isfunderlainﬂby'hardlroéks,iWithfvery;little

'flR;iE}gWright ASso(1ates, Inc. Speclal Ground Water Study of the Mlddle Delaware
River Basin, Study Area II for the Delaware Rlver Ba51n Comm1551on. See Volume
IV, plate 22. - : Sl : '




room for storage of water except in areasvwhere the rock may be fractured.
Ground water availability, while low overall, is highly variable from place to
place. Also, while geologicél_maps may appear to delineate areas of varying
rock types very precisely, these areas are for the most part poorly differenti-
ated - blending into onekanother 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 ". . 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 forvthe 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 govermnment 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 seq.
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e There is considerable variability in study area rock
types, and delineation of formations is not always -
as precise as may appear on 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. ‘

e 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 appllcatlons should be adopted
by the mun1c1pa11t1es.

° The New Jersey Depa:tment.of Environmental Protection
' should adopt an administrative procedure for making ,
its technical resources available to the municipalities

in the review of development appllcatlons on a: tlmely
basis. .

e Regulatory 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 Environmental Protectlon.'

It should be'emphesized that there’'is very little data available regarding
ground water in the Sourlands study area and thatklittle is known about the effect
of land development upon this critical resource. Even_the'measures recommended.in-
this report may not prove adequate to protect the resource from,irrepaxable harm
caused by overdevelopment. Only cautious policies by municipal and state regula-
tory agencies, a eommitment_to increased monitoring and data collection, and in-
creased attentioﬁ:by.policy-makers.will lead.tdfeffective public policy 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+ AS

where P = precipitation
E = evapotranspiration

R = total runoff or streamflow

As = changé 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. Hordon, PhD.
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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-
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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 1owér fractures may be partially
confined. This situation creates semi-artesian (or semi-confined) conditioms.
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 forﬁations 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.
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The tocks of’thisvarea are’harder than tnose'of tne.CoastalaPlain,_and were -
deposited in a horizontal oositiOn bnt noW'dip to the'northwestv(see'Figufe.
8). They consist of 1nterbedded red sandstones and shales whlch are cut by
belts of harder trap rock - the 1atter constltuting the present" rldges, such

as the Watchungs, Palisades, and‘the-Sourland Mountains,,-TheSe rocks are of .

Triassic age.

Tne’Souriand'Modntains e#tendvfrom thevDelaware'River.to Hillsbotougn
ToWnship in Sometset Connty (see Figdre_9). They,are composed of diabase and
argillite,which are e#tremely‘resistant’to erosion,‘tnereby formingilow but
prominent'ridges. Diabasetis an igneous intrusive rock wnich nas been quarried
for years to COnstruct'seanalis and'jetties along theveoast. Its teSistance
to mechanical wearealso.makes diabase very‘usefnl as crushed stone or granel-v
‘sized aggregate in highwaydconstruction (Wolfe,»1977). Most of tne Diabase
in the‘Soutland Mountains,is in‘Hunterdon‘County, with smaller areas in7Somerset

and Mercer Counties.

TheﬁLockatong Formation consists of.argiliiteiwhieh interfingersbextensive—
ly with the Stockton Sandstone and Brunswick:Shale‘fornationsv(KaSabaeh, 1966).
The argillite is:nuch more resistant to weathering and efosion than the sand-
stone and shale formations. bLike:diabase, tne‘argiilite is a ridge former.
The Lockatong Formation underlies most of the Hunterdon Plateau and Sourland Moun-

tain.

- The Sourlands study area (see F1gure 9) covers nearly 817 square miles of

‘ which nearl} 38 percent consists of dlabase and argllllte (see Table 1) " For pur-
poses of geohydrologlc comparlson, ad301n1ng areas underlaln by Brunqw1ck Shale aﬂd B

Stockton . Sandstone Formatlons were 1nc1uded in the ana1y51s. The t°P°8raPhY

of the Sourlands 1s shown ‘in Flgure 10-]
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Table 1

EXTENT OF GEOLOGICAL FORMATIONS IN STUDY AREA

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

Brunswick Shale Trb 468.81 . 57.4

Lockatong Argillite Trl 186.35 22.8

Diabase Trdb 122.68 15.0

Stockton Sandstone v Trs 32.45 » 4.0

Baked Shale Trba 6.37 0.8
816.66 100.0

NOTE: areas planimetered on base map at a scale of 1" = 2000' from NJDEP geologic
" overlay maps at a scale of 1" = 1 mile.

Table 2

TOTAL NUMBER OF WELLS IN
THE SOURLAND MOUNTAIN AREA

Geologic Formations’ Total “ " Number Domestic Wells
Number of of Domestic as a Percent
Wells Wells of the total
Stockton Sandstone 106 97 91.5
Brunswick Shale 327 308 94.2
Lockatong Argillite 950 927 97.6
Diabase 215 213 99.1
Total 1598 1545 96.7

Source: Calculated by R. M. Hordon from records obtained from
NJDEP, Trenton.
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diabase have practically no primary porosity. What little
tained inyihe formations is available only withinvthe re-
res and joints which tend to be widely spaced. Both form-
und to be among the worst in the entire state in terms of
(Kaéabach, 1966). Better yielding wells are invariably

lts or with an overlying weathered zone. Most of the ground

water-table (unconfined) conditions.

runswick Shale has about the same primary porosity as the

, it is ﬁuchbmore fractured and therefore has a higher second-
yields in the shale can be expected to be higher on the aver-
led in the argillite and‘diabase; However, the Brunswick

lch extends from the Delaware River through Central New Jer-

y and beyond into‘New York State varies in compoéition from
The formation has mofe sandstone in the northeastern

han in the area around the Sourlands§ consequently, the

vould tend to be higher in those portions which have more sand-

rm portion of the Brumswick Shale also benefits froﬁ glacial

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

the Brunswick Shale in the vicinity of the Sourlands is a

the same formation further north in the state.

Sandstone formation is one of the better aquifers in the area.
ecohdary porosity are higher than in adjoining formatioms.

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

rater in all four formations (sandstone, shale, diabase and

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 interconnectioﬁ, and orientation of joints, faults and bed-
ding planes. These fractured aquifers are strongly heterogeneous and anistrop-
ic, that is 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.

¢) Groundwater flow rates in well-developed fracture zomes
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. 1In 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. 1In the'Wright study, earth-fracture traces were delineated

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)



and 1ﬁ = 1670' (Little Lehigh Creek basin). Both Pendleton (1969) and Wright
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(1982) found that well yields were substantially better in the vicinity of

fracture zones.

Fracture traces

part of this study.
(1" - 3333') were us:

(1" = 2000') base ma]

initially plotted on

1:24,000 base map.

of a portion of Sourland Mountain were also delineate&.as
Black and white aerial photographs at a scale df 1:40,000
ed. The fracture traces werevthen‘traﬁsferred to a 1:24,000
D of‘the Sourlands (see Figure ll).‘ Well locations weré

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

An examination of the relationship between well performance parameters and

distance to a fracture trace was inconclusive, partly because well locationms

were not recorded exactly and domestic well records with limited reliability had

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

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

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

ferent scales also presented a problem in interpretation.

However, fractu

re trace information developed as a part of this project and

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

ant point of departu

this report.

The hydrolbgic

re for site analysis as recommended in Section III (c) of -

soil groups -for the Sburlands are shown in Figure 12 which in-

dicates the infiltration characteristics of the various soils in the area.

C. Well Record Analysis

In a U. S. Geological Survey study of evaluating well yields inbconsolidated
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v

rocks from Virginia to Maine,Cederstrom'(1972) states that indﬁstrial and munici-
pal well yields are the most reliable indicators of the water—y1eld1ng potentlal
of these formatlons.i These nondomestic wells are drilled to develop a maximum
supply of water. 'They are generally deeper than domestic wells and may there-
fore intersect several_water—bearing zoneé in the conéolidated rock formations.
In additidn, the non—doﬁestic wells are often 8" or moré in diameter which aI—

lows a greater drawdown and consequently a‘higher potential yield.

In contrast, domestic wells are drilled to the depth where. enough wéter to
satisy‘a_typical residential family is obtained. The wells are 6" in diameter
and are often not located in the béét position with regard to geologic structure
(e.g., fracture traces); In additibn, domestic well records as recorded By 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 hoursjlong which obviously affects the reliability of yield data.

It would be very nice to foliow Cederstrom;s advice énd use only non-domes-
tic well records to evaluate the groundwater potential of the Sourland Mountain area.
However, the vast majority of the welI“fecords (nearly 97 percent; see Table 2) iﬁ‘
the study area are domestic and are the only ones available for use. However, as
dlscusseé 1n this section, attention w111 be given to those wells for which pump-
ing tests of 4 hours or more are‘ava;lable on the grounds that those records:
are generally more reiiable to Qork wi;h. In‘addition, publiéhed well rec@rds

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 NJDEP, Trenton, as background data. for this.project‘(see Figures 13, 14,

& 15). Specific capédity.was,calculétedenly in those instances where pumping tests
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were reported for 4 hOurs’or,more.i
"Analysis of the well recordsfresults in- the followingvmajor conclusions:

. a) The bulk of the wells were drilled 1nbarg1l11te (nearly o
60 percent), but the other formations are fairly well re-
presented (see Table 2). '

b) vMedlan yields ranged from a low- of 5.and 7 gpm for the d1a- -
base and argillite formatlons, respectively, to 12 and 20

gpm for the shale and sandstone, respectively (see Table 3
and Flgure 16). .

c) »Med1an well depths ranged from 125 feet (dlabase 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'argllllte to a

high of 0.343 gpm/foot for the sandstone (see Table 3 and
Flgure 17)

e) Wellvylelds were always greater for the sandstone'and shale
formations as compared to the diabase and argillite for all.

" levels of -exceedence probability when plotted on 1ogar1thm1c'
probablllty paper (see Figure 18).

f) ‘The differences among the formatlons in terms of well ‘depths
when plotted on logarithmic probab111ty paper were relatlvely
small (see Flgure 19)

g) Wells drilled in the sandstone and shale formatlons had higher
~ 'specific capacity values for all exceedence probability levels
- when plotted on 1ogar1thm1c probability paper as compared to

the diabase and argillite (see Figure 20).

In short,llt is apparent from analys1s of the well records that the ground-
water potent1a1 for the argllllte and dlabase formatlons is. substantlally less L
than the sandstoneiand shale formatlons.‘ This dlfference ln_aqulfer 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 lndicated‘before, published well records for similar.formatiOns'in
' Hunterdon and Mercer Countles were also analyzed in order to prov1de 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

VALUES FOR WELLS IN THE SOURLAND MOUNTAIN AREA

~Geological Formation

Median Yield Median Depth  Median Specific

(gpm) (Feet) Capacity
(gpm/foot)
Stockton Sandstone 20 125 0.343
(N=105) (K=106) (N=54)
Brunswick Shale 12 150 0.238
' (N=323) (N=327) (N=112)
Lockatong Argillite 7 S175 0.055
(N=949) (N=950) (N=426)
Diabase 5 125 0.067
(N=213) (N=215) (R=91)
Total Number )
of Wells 1590 1598 683
Source: Calculagted by R. M. Hordon from records obtained from NJDEP, Trenton.
Median |specific capacity values pertain only to those domestic wells

which had reported pumping tests of 4 hours or more.

Table 4

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

Geological Formation:

Total Number Domestic Wells
Number of of Domestic as & Percent
Wells Wells of the total
Stockton Sandstpne 124 123 99.2
Brunswick Shale 47 442 93.8
Lockatong Argillite 119 115 96.6
Diabase 35 32 91.4
Total 749 712 95.1
Source: Kasabach (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. Hordon).
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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 yieldé 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 percgnt), a larger proéortion of the wells
in the sandstoné are non-domestic as compared to Hunterdon County (see Tables 4
and 6); 60.4 percent in Mercer vs. 99.2 percent in Huntérdon. Non-domestic wells
are generally 8" in diameter or greéter 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 sandstoné wellSrin;Mefcer County
(see Table 7) as compared to 16 gpﬁ and 0.40 gpm/foot, respectively, for the
sandstone wells in Hunterdon County (éée 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 Mountéin 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
INFORMATION FOR SELECTED WELLS IN HUNTERDON COUNTY NJ

" Geologic Formation Median Yield Median Depth  Median Specific
(gpm) ‘ (feet) Capacity
(gpm/foot)

Stockton Sandstone 16 a2 0.40
(8=124) '

Brunswick Shale 8 150 0.74
(8=124)

Lockatong Argilllite 9 153 0.111 .
(F=471) :

Diabase (N=35)| = 5 116 0.08

Source: Kasabach (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. Hordon).

Table 6

TOTAL NUMBER OF WELLS IN
SELECTED FORMATIONS IN MERCER COUNTY, NJ

s e ‘Number Domestic Wells

Geologic Formztion N Tgtalof of Domestic as a Percent
umber ) Wells . of the total
Wells -

Stockton Sandstone 101 .61 60.4

Brunswick Shale ' 90 76 84.4

Lockatong Argillite 48 S 43 89.6

Diabase ) 11 _ 11 100.0

Total - 250 o191 76.4

Source: Widmer (1965). Numbers pertain only to those domestic and non-domestic
" wells which had reported pumping tests of & hours or more. (Calcula-
tions by R. M. Hordon). i
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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
o (gpm) (Feet) Capacity
) (gpm/foot)
Stockton Sandstone 30 150 ‘ 1.109
(N=101)
Brunswick Shale 17 175 0.30
(N=30)
Lockatong Argillite 10 155 0.117
(N=48)
Diabase (N=11) 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. Hordon).
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ation that has been analyzed.
With the exception 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-domestic well records which had reported pump tests of 4 hours or

more. Although there 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. Four hours is a compromise threshold which ét least screens

out some of the lesser reliable domestic well records.

In sum, analysis of selected domestic and non-domestic wells in the Sour-
land Mountain areal, Hunterdon and Mercer Counties indicates that the median
yield and specific|capacity of wells drilled in the diabase and afgillite are
substantially lower than those wells drilled in the shale and sandstone. This
information is not only of importance itself, But it can be used to quantify
équifer characteristics by comparing well ratios by formation. This proceduré
will be employed‘in a later section of this report as another means of estimat-

ing ground water yields on an areal basis (gpd/mi.z).

D. Hydrograph Separation Analysis

A stream hydrograph is a plot of stream discharge (in ft3/sec or mgd/miz)
against time at a|gaging station within a watershed. Following a precipitation
~event, the hyd;ogTaph will typically show a steep rising limb (period before the
peak) and a more gently sloping falling limb (period after thé peak). A daily
stream hydrograph|would have each day on the abscissav(X—axis) and mean daily dis-
charge on the ordinate (Y-axis) (see Figure 21).
A hydrograph| can ﬁheoretically be divided into a number of components,

such as channel precipitation, overland flow, interflow through the unsaturated
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zone,‘and baseflow frdm the saturated zone. These procedures can be simpli-
fied by seperating the hyd;dgraph into direetifunoffvor stormflow (whieh
lumps ﬁogether channel precipitation,-overland flow.énd interfloﬁ) and bese-
f1ow‘(Wara;d1975);

One reeson for separating the hydrogfaph into only stormflow and base-
flow is the enormous d1ff1cu1ty in estimating the other components of hydro-
graph. Indeed, there is so»much dlfflculty in estlmating.baseflow'from the
hydrog:aph so that expending time in estimating interflqw (that flow in the
soilkcolumn above the water taBle) may not be warranted. Anofher reason is
that we are only interested in tﬁe baseflow portion of the hfdrograph for

purposes of groundwater yield estimation.

Dunne and Leopold (1978) note that all of the hydrograph separation tech-
niques'are_judgementel 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‘methodevof 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°2

where N = number of days after the storm peak

A »erea-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 progected backwards to a point under the peak. A ris-
ing limb for the baseflow is drawn to meet the projected
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,separation line (Flgure 21-B).
c) A separation 11ne is drawn from ‘the p01nt of initial rise
to the recession limb. This separatlon line should rise
“at the rate of 0.05 cfs/mi”/hour and is appropriate for
watersheds smaller than 20 Square miles (Flgure 21—c)
A modlfled form of the hydrograph separat1on procedures shown in Flgures
21 A and B was employed in this study. The actual steps, u51ng the Stony Brook
at Princeton as an example, were asvfollows: .
-~ 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 probabll1ty in percent for each ranked year
- is calculated by the follow1ng equatlon.

p = m/n+l (100)

where p = exceedence probability in percent

m = rank 1 through n.

n

number ofsyears 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, 1nd1cat1ng a normal d1str1but10n.

d) The year which is closest to the 90 percent p01nt (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. 22).

e) The same procedure was . followed for the Royce Brook Tr1butary
near Belle Mead (underlain by Brunswick shale) and the Stony
Brook at Glenmoore (71 percent argllllte 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 obtalned from A
the Dlstrlct 0ff1ce in Trenton. g

The mean dally dlscharge values’ for the years selected were plotted on semwi-
1ogar1thm1c paper and baseflow was estlmated for each day by us1ng a mod1f1ed

form of the hydrograph_separatron procedures'shown in Flgure'Zl A_and‘B. The
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Table 8

STONY BROOK AT PRINCETON: PROBABILITY PLOTTING DATA

Exceedence probability

Average in Percent
Calendar Discharge , m (100)
Rank () Year (cfs) Pt T

1 1979 115 3.6

2 75 1 7.1

3 73 8.1 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 32.1

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 ~s7.1

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 4.7 75.0

22 66 43.6 78.6

23 57 42.9 82.1

24 76 41.7 85.7

25 59 40.4 89.3

26 63 ’ 32.8 92.9

27 65 , 27.7 96.4
Mean 64.6
' Standard Deviation : 23.3
Coefficient of| Variation 36.0

(Percent)
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daily baseflow values were then cumulated and an average value for the year

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

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

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

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

A much more elaborate hydrograph separation analysis of watersheds drain-

ing consolidated rock formations in New Jersey was made by Posten (1982). 1In

brief, his methodology was as follows:

a) Select only those watersheds draining consolidated rock
formations which are underlain entirely by one formation,
have |a continuous daily discharge record for at least 10
years, and are not substantially regulated. Surprisingly,
only |three watersheds in New Jersey )two Precambrian basins
in Passaic County and one basin underlain by argillite in
Hunterdon County) met these criteria.

b) Rank the annual discharge values in the same manner as dis-
cussed previously and plot the exceedence levels on arithmetic
probTbility paper. Select several years of low, medium and

high

flows for hydrograph analysis.

c) Posten used a modified form of hydrograph separation similar
to that discussed earlier. The mean daily discharge for each
of the selected years was separated into quickflow (direct run-

off

d) The

or stormflow) and delayed flow (baseflow).

average baseflow value for each year for each watershed was

then| ranked and the exceedence levels in percent were plotted
on arithmetic probability paper. The mean and one standard

and

e) The

deviagtion above -and below the mean were plotted on the graph

connected by a straight line.

discharge at the 99 percent exceedence probability level

of the cumulative frequency distribution of estimated annual
delayed flows was selected as an estimate of the ground water
yleld for that basin.

The estimated yield for Walnﬁt Creek near Flemington which is underlain

entirely by argillite by Poster's method is 92,000 gpdlmiz. 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

Stony Brook at

Stony Brook at

Royce Brook Trib.

Princeton Glenmoore* near Belle Mead
USGS 1D Ko. 4010 4009 4026
Area (sq. mi.) 44.5 17.0 1.20
Major Geologic Formations Argillite (37%) Argillite (51%) Shale (100%)
(Percent of Watershed) Shale (35%) Diabase (20%)
Diabase (18%) Shale (197)
Year Selected 1959 1959 1981
v (Water Year)
Baseflow (mgd/mi’) 0.119 0.088 0.125
Corresponding Point on 69 70 69
Flow-Duration Curve
(Percent)
*Partial-record station and synthetic hydrograph.
Table 10
ESTIMATED BASEFLOW FCR SELECTED
WATERSHEDS /AQUIFERS BY HYDROGRAPH SEPARATION
' (gpd/mi.2)
Recurrence :
Watershed/Aquifer Yield Interval Reference
Stony Brook at Princeton 119,000 1 year in 10 This study
Stony Brook at Glenmoore 88,000 1 year in 10 This study
Royce Brook tributary
near Belle Mead
(all shale) 125,000 1 year in 10 This study
Walnut Brook near
Flemington (all Posten
argillite 92,000 * (1982)

" Neshaminy Creek, Pa. 200,000 1 year in 10 Wright (1982)
Neshaminy Creek, Pa. 146,000 1 year in 50 Wright (1982)
Shale & Siltstone (in Pa.) - 220,000 1 year in 2 Wright (1982)
Shale & Siltstone (in Pa.) 53,000 1 year in 10

Wright (1982)

* 99 percent exceedence level
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Hydrograph separation procedures were also employed by Wright Associates

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

Delaware River Basin Commission.

Neshaminy Creek bas
The baseflow estima

gpd/mi2 (1 year in

The geologic f

Formation

Stockton S

Lockatong

Brunswick

Igneous and Metamorphic

The Wright (19

in with a

ormations

andstone
"

Argillite

Shale

82) study

The estimated annual baseflow rate for the

1 year in 10 recurrence interval is 200,000 gpd/mi.2

te for the driest year on record for the Neshaminy is 146,000

50 recurrence interval).

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

Percent of Watershed

42
7

(sandy members)
(shale member)

31
14
6

100

provided an estimate of baseflow for aquifer

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

g

rence interval is

that the shale and

3,000 gpd/m12 based on Q30-10/Q30-2 ratios. It is believed

siltstone aquifers in the middle Delaware River basin are

similar to the shale and argillite formations in the Sourland Mountain area.

In sum, a hyd

as stormflow, inte

rograph can be separated into several components of runoff, such

rflow, and baseflow. Even if all of the various forms of runoff

are grouped into oply two categories: direct runoff (quickfldw) and baseflow

(delayed flow), th

sults may very fro

m-investigator to investigator.

e hydrograph separation procedures are judgemental and the re-

The fact that there are so many

legitimate hydroggaph separation procedures which can yield varying baseflow es-

timates is an inhe

rent problem with hydrograph analysis.

One thing that must
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be noted is that if the same sepafatioﬁ:methodology is applied to different
watersheds, the procedure (1ike any other procedure) will be judgemental but

consistent.

The/variOus_hydrqgraph sepafation procedures dié;ussed in thié section
résult‘in baseflow or grdﬁnd watef yield estimates'ranging from 53,000 to
220,000 gpd/mi2 (see Table 10); Thé»variation in thé yield estimatesvif
mostly attributed fo the particulér separation piocedure adopted. and the recur-

rence interval selected.

E. Flow-Duration Curves

The flow-duration Curvé is a cumulative frequency plot that shows the
percent of time during,whicb specified streém discharges were equaied or ex-
ceeded within a given pefiod of tiﬁe,(Seércy, 1959). For example, the daily
mean discharge of‘thé Stony Brook at Princeton was at least 0‘.1'08"'mgd'/mi2

during 70 percent of the 1954-75 time pefiod (see Table 11 and Figure 23).

- Although the flow-duration,cﬁrvéiaoes‘not show theﬂchronélogiCal sequence
~of flows (which a hydrograph does),;it does provide a cénvenient méans for.
studying the flow characteristics of stre;ms._vThe shape of the fIOthuratibn
curve is depermined by the hydroldgic‘andbgeologic characteristicévof the_‘
}Wafershed; Cﬁnéequently,_the curve caﬁ‘be uséd to compare the characteris-
tics of_dne basin with that of aﬁbther. For exam?le, a curve with a steep

slope indicates a "flashy" stream where the flow is largely from direct :unoff,

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 SOUTH BRANCH RARITAN RIVER NEAR HIGH BRIDGE, 1919-75

Discharge Which Was

Percent of Exceeded for Indicated

Time Percent of Time (mgd/mi.”)
. Stony Brook South Branch
2 ’ 6.881 " | 4,778
5 3.557 3.215
10 '_ , ' 1,974 2.315
20 | 1067 1.642
30 ©0.701 ‘ 1.286
40 ] ’ 0.473 1.039
50 0.316 0.832
60 ' 0.200 0.672
70 _ , 0.108 0.545
80 o v 0.055 0432
90 ’ '  v 0.023 ‘ 0.334
95 ‘ : 7 , 0.012 0.281
98 : " 0.005 0.235
99 S : 0.003 0.214
99.5 0002  0.198
Q10 S : 0.001 0.208

Source: Gillespie and Schoop (1982).
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information on the effects of geology on the ground

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

of the duration curve indicates a minimal amount of ground water storage

in the basin (Searcy, 1959).

The flow-duration curves shown in Figure 23 represent watersheds

draining very different types of geologic formations. Over 55 percent of

the Stony Brook at| Princeton watershed consists of the diabase and érgillite

of the Sourland Mountain area, whereas the South Branch Raritan at High

Bridge drains mostly weathered precambrian and limestone bedrock. Note the

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

South Branch Raritan at the low-flow end of the gfaph.

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 flow-duration curve. The 60-percent point pertains more to

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

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

~ underlain by clayey soils of the southern Piedmont and areas covered with

glacial till. Wy

‘In their stu
- Stuart, Schnieder
is represented at

indicates in his

rick and Lloyd's study area covered the Appalachian region.

dy of the Swatara Creek basin in southeastern Pannsylvania,
and Crooks (1967) state that the ground water discharge
the 75-percent flow-duration point. Frimpter (1972, p. 37)

study of the ground water‘resoﬁrces of Orange and Ulster
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Counties in New York that ". . . streanflow at thé 90-percent duration dis-
charge is derived entirely from ground water discharge." 1In another study
of the Black River basin in north-central New York State, Waller and Ayer
(1975) indicate thaf 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 miie‘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."

1

In sum, it is apparent that the magnitude of ground wéter discharge to
a stream can be reasoﬁably estimated by examining the low-flow end of a flow-
duration curve. If we furthef assume that the 1ong-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 estimaté of the ground water yield of a basin ié what point on the
flow-duration curve to pick. 1In this study, the 80-percent point is selected
for consolidated rock formations in central and northern New Jefsey. 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 comsecutive days with a recurrence interval of 10
years). The Q7-10 value, which is uéed in water quality studies as a standard
for determining tﬁe assimilativevcapagity of surface waters, is exceeded at

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

Table 11).
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Teble 12

DISCHARGE AT THE 80-PERCENT POINT ON FLOW-DURATION CURVES
FOR SELECTED STREAMS IN NEW JERSEY

Area Q80

Rank Stream Gage Bo. (mi.2 (mgd/mi.z)
1 Passaic River near Bernardsville 37869 8.83 0.470
2  Hohokus Brook at Hohokus 3910 16.4 0.453
3 South Branch Raritan near High Bridge 3965 65.3 0.432
4  Whippany River at Morristown 3815 29.4 0.402
5 Weasel Brook near Clifton 3920 4,45 0.401
6 Lamington River near Pottersville 3995 32.8 0.396
7  Elizabeth River at Irvington 3930 2.90 0.370
8 Second River at Belleville 3925 11.6 0.364
9 North Branch Raritan near Far Hills(*) 3985 26.2 0.358
10 South Branch Raritan at Stanton (*%) 3970 147 0.338
11 Pequest River at Pequest 4455 108 0.294
12 Ramapo River near Mahwah 3875 118 0.267
13 Flat Brook near Flatbrookville 4400 65.1 0.258
14  Paulins Kill at Blairstown 4435 126 0.256
15 North Branch Raritan near Raritan 4000 190 0.255
16  Ramapo River at Pompton Lakes ' 3880 160 0.245
© 17  Mahwah River near Suffern 38745 12.3 0.241
"18 Pequest River at Huntsville 4450 31.4 0.226
19  Beaver Broqk near Belvidere 4460 36.2 0.209
20  West Brook mear Wanaque - 3860 11.8 0.203
21  Wallkill River near Unionville 3680 140 0.197
22 Pochuck Creek near Pine Island 3690 98.0 0.189
23  Ringwood Creek near Wanaque 3845 19.1 0.166
24 Pohatcong COreek at New Village 4552 33.4 0.121
25  Blue Mine Brook near Wanaque 3865 1.71 0.089
26  Cupsaw Brogk near Wanaque 3850 4.38 0.072
27  Royce Brook Tributary near Belle Mead 4026 1.20 0.066
28  Neshanic River at Reaville 3980 25.7 0.061
29 Stony Brook at Princeton 4010 44.5 0.055
30 Walnut Brogk near Flemington 3975 2.24 0.052

Source: Gi

*% occasion

11lespie & Schopp (1982)
* 1904-63 |period; prior to Spruce Run Reservoir

2l regulation at low flow
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Another way to assess the‘ﬁariét§ pf»lgeoiogic.formationshin the state
- is . to select_tlow-duration‘CUrye ralueSfat the.80-percent'point for a mix
of watershedsrin the consolidated_roek areas ofheentral and'northern New T
"Jersey; In Table 12;v30.streams with continuous diécharge recordS‘were
ranked in descending order; Note the immedlate dlsparlty in Table 12 betneen ,f
the South Branch Rarltan near ngh Brldge (rank No. 3) and the Stony Brook

at Princeton (rank No. 29) Further Walnut Brook near Flemlngton, whlch is
entlrely underlain by argllllte, is at the bottom of the table (rank No. 30).

" Thus, those watersheds whlch drain dlabase and. arg1111te have the least. ground—

7 water storage and_represent some of the worst 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, 1Minorvformations‘arevnot inoluded in the list,
'so the percent of watershed,Values_maybnot’total 100 percent. Note that only

5 of the 17 Streams'have continuous discharge records.

Basedion regression equationsfobtained by the U. S.-Geologieal Survey |
for the 12 oartial—reeordIstations‘listed in Table i3, estimatedgdisoharges
at the 70;'80, ana-904percentbfiow—dnration points.are listedsianable'l3.'
along with the Q7-10 value. The flow—duration valnes‘for the 5 continuous re-
cord statlons were obtalned from Glllesple and Schopp (1982) Note that the
Q7-10 values for 8 watersheds in Table 13 are zero, and the remalnlng values
are-exceedlngly low, 1nd1cating»the m;nlmal anount of ground water storage 1n‘

the basins.



_Table 13

" LOW-PLOW ‘CHARACTERISTICS OF SELECTED shzms IN CENTRAL NEW "JERSEY.

MGD / Sq. Mi. : 2

) E S Statfon . .  Area I " " Dominant _Percent of . At FExceedence Probability (Percent) ' q7-10'
_Stream .~ Gage No, Record (Sq. Mi.) Formation(s) Hatershed : 0. 80 - - 90 :
1. Walnut Brook near. . 3975 Continuous . 2.2 © Argillite 100 Loz 0.052 0.021 0.0
Flemington o : S L S . PR : oL . ‘
2. Woodaville Brook at - 40085 I Partisl” 1.78 0 Argilliee . .93 B © 0,065 0,029 - 0,011 - 0.0
 Woodaville : - M : : . ' o o
3. Stony Brook at., 4009 - . Partisl SN Argillite 51 T 0,085 0,062 0,017 0-004-
Glenmoore’ - ’ : o ’ R : Diabase . 200 : T o i
S . . ) . ) ' Shale . 219 D .
4. Baldwin Creek at . 40093 - Partial L1099 Baked Shale - -~ 46 0.083 0.041..  0.018 . 0.0
_Pennington . ) . R Shale ) 2. e Tl T . . o
'S. Balduin Creek at 400932 Continuous - = 2.52 Shale - . 46 - 0.049 . 0.004 - 0.002 0.0
~Baldwin Lake - PR o “ .. L' Baked Shale . &5 : N ' . o
6. Stony ‘Brook at : t_ooqbi Partisl . 26.7 " Shale - 3% ) ©10.093 . 0.041 0.016 0.002 -
Pennington ’ . . . : : . Argillite : k| T . o . .
o _ ‘Diabuse - 16 : '
7. Woney Branch near - . ': 400933 : . Continuous . 0.70" Shale - - 89 .0 . . 0.070 . 0,029 0.006 - -
Pennington . : o Disbase T : L Lo
8. "None"y Branch near . 40097 Partial -3.83 Shale 60 - . . 0.056 0.028 0.012 0.0
. Rosedale ) o L , : Diabase. : 35 o ' : ' ‘
9. Stony Brook at 4010 . Continuous - 4.3 : Argfllee . 37 . - 0.108 . 0,055 ©0.023. . .0.001
Princeton - Co . - Shale o 35 : o . o
Lo ; . . o - Diabase - 18 . . . .
10. Stony.Brook at L 4011 T partial U . 46,8 U Argillite 36 - 04122 0.067 0.033 0.003
: Clarksville Co " . - Shale - : 33 L : e AT .
) L R . ) B : Diabase . 18 . .
.11. Bedens Brook near 40152 - Partial. . - 6.67 . Shale " .48 0.128 ~  0.070° 0,033 '0.010
Hopewvell oo e R . ©oT 7 Argilldte i 29 o B : L e -
i L : A Sandstone . - So21 ) : ‘ : ‘ P
"12." Rock Brook at : 40159 Partial . - 8.02 - Shale o 0.078 . 0.030 0.010 - - 0.0
77 Blavenburg: " B R B T Argillite &2 AR s L
13, Bedens Brook near ' .~ 6016 CPartisl . 0 20,0 0 Shale’ = o 67 . 70,128 .. 0.070  ©0.03% 0,007
: Rocky H111 : : : : : Argillite . - 720 , T o
‘14.  Royce Brook Tributary -~ 4026 . Continuous 1.20 Shale . . .100 . 0.122 0.066 0.024 - . 0.0
v near Belle Mead o ) ' ’ L o ' e - o B
15. :JICle Creek at : . 4628 * Partial 13.3 . Artlllvlto S 57 - . "0.082 - . 0,038 0.017 0.00% . .
Somerset ' R . o : . Baked Shale 28 : . . o
"16. Shipetaukin Creek st 46365 Partial - 4,48 ~" Argillfte .63 0.318 - 0,153 © 0.059 0.0
Laurenceville = - . o . ~ Sandetona . . kY ) ) .
17. Shabakunk Creek at - 46375- . Partfal 5.0 ° . Sandstone 60 10,2458 0.136. . 0,064 0.013
Ewingville ' : S : : Argillite 36 T : : . -

Source:: Gillespie, B, D, & Schopp, N. D. 1982. Low-Plow Characteristics & Flow Dﬁritlm of New Jersey Streams. U. S. Geological Survey Open-File
: Report 81-1110, K i i . S ) o : .

Note 1.  Areas of geologic formatfons planimetered by the ‘MSM Regional Study Council,

Note 2. Q7-10 = average -nm_ul minimum discharge for 7 consecutive days with a recurrence interval of 10 years.

- Es -
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In conclusion the Q80 (80-percent pOlnt on the flou duration curve) _
for 17 streams in the Sourland Mountain area ranges from 0 004 to 0 153 mgd/ml .
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. mi.)
and length:of continuous record‘(Zl‘years),»then the estimated baseflow yield

at the Q80-point'is-0;655 mgd/sq. mi.

F. Ground Water Yields
Estimatiné the "safe yield"'of an'aquifer is fraught with‘muchvgreater

uncertalnty than estlmatlng the safe yield of a surface water reservoir’ sys—
tem, because the ground water portlon of the hydrologlc cycle is more complex,
less well understood, and not ylslble.to thevobserver. .The term ‘safe yleld"
of an aquifer was,first iutroduced bvaeinzer (1932) who defined it;as

W, -the practicable rate of withdrauiug water from it (the aQUifer)vper;_
ennialiy for human use.“b Todd (1959) defined safe yield as:ﬁ. . ;the amount
of water whdch can be withdrawn from (the ground water basin) annuallY'with;

out producing an'undesired result."

For a particuiar basin,'thevamount.of.discharge must be halanced.hy a
comparablesamount of recharge over aboeriod of:time, less'any change in storage.
This balance can be expressed'quaﬁtitatiuely by‘anjequation‘ofrhydrologrc_
equilibrium; _Thus,'the calculation‘of_safe.yieid-involves the collection
of data ou: | | |

a) vsurface'water'ihflow‘andboutflow;‘
v;b).dwater imports and erports§ 
c) precipitation;‘j_d)'

~'d) consumptive usem(evapotrauspiration);
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' changes in ground and surface water storage'

subsurface water inflow and outflow.

A number'of[theSe items are difficult'to measure:: subsurface 1nflow

’fand outflowcdischarges cannot be" directly gauged and ground water storage

-.changes reQuire detalledilnformatlon about the ex1stence‘of ground.water in.

the:basin,

Adequately measurlng ground water storage would requlre the de—

' flineation ofiaqulfers and ‘an ana1y51s of all well logs.:

}The:conceptiof safe yleld has come under cr1t1c1sm, partly because 1t

- _is often misinterpreted by laymen as 1mp1y1ng a flxed underground water supply

_‘Kazmann (1972) c0n51ders safe yleld to be a pseudo—hydrologlc term, 1nasmuch

 as 1t may depend more on the partlcular well locatlon rather than on general ’

Vaqulfer character1st1cs. A s1m1lar cr1t1c1sm 1s made in the rev1sed edltlon

of the Glossary of Geology (Bates and Jackson, 1980) whereln usage of the

'term is dlscouraged because fea31ble w1thdrawa1 rates depend on’ the rela--

3ftlonsh1p betwen aculfer boundarles and well locatlons. F1na11y, in a recent'

,ground water study of the m1dd1e Delaware Rlver bas1n Wr1ght (1982) recom—

fmends that the term be dlscontlnued and that empha51s should be placed on

,those components cf the hydrologlc cycle (such as 1nf11trat10n or ground water -

'vlrecharge) that have a dlrect 1mpact on the ground water system.

?Suhject tofthesforegoingfcriticiSms"it is.still‘eSSential tovhawe some

"_estlmate of the magnltude of the ground water resource.. In hls rev1sed ed1—"

~ition of Groundwater drologz, Todd (1980) suggests that the term perennlal

Iyieldf“be’used'in
". . .the ?r"at‘e""a‘t

f**ducingfan undesir

place of safe y1eld He deflnes perenn1al y1e1d as’
wh1ch water ‘can be w1thdrawn perennlally . .w1thout pro—

ed result.f A max1mum perenn1a1 yleld would reflect a.
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situation where ground water extractions would not exceed groﬁnd water re-
charge. Thus, perenﬁial»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 gfound water storage (Todd, 1980).

Invthis rebort, the term "ground water yield" will be used to indicate’
~ the réte (in gpd/miz) a£ which water can be withdrawn from an aquifer:or
basin without causing a long-term decline ih the water table Or.a substan—
tial loss iﬁ ground ﬁatef storage. Furfhermore, recognition is given té

the importance of maintaining a 16ng-term balance between ground water re-.
charge (defined as fhat portion of the water infiltrating tﬁ:ough the ground
surfacé 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

>'We11 ratios pfovide a means of rela;ing ground water yields for differ-
ent aquifers on aﬁ arealbbasis (gpd/miz).' The pfeéumption is made that.if
the.yiéld or épecific capacity values or ratios of a set of wells froﬁ forma;
tioﬁ Aiis twice as goéd‘as,those calculated for fo;mation B, then the ground
water yield‘ffom formétion A is Cerespondingly‘twice asvgodd; Although
thére1is a-ﬁeterministic element in the ratio method, thefe is ;"reasonable’ 
hydfologic underpinning to.the'proqedure. High'yield and s?eéific capacity
values do refiectrfavorablevéquiféf properﬁiés, and therefofevone cquld-an-

ticipate better ovetalliyields on an areal basis from such an aquifer.
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tigators might assert that the ratio method is overly sim-

only more complex procedures would give better results.
the uncertainties in hydrologic estimation, a simpler method

lts that are not only meaningful but practical to obtain.

have mentioned at least some of the philosophical aspects
imation, we can turn our attention to the procedure itself.

ion IIC, specific capacities were calculated only for those

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

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

Mercer Counties.

were analyzed for yield.

In the case of the study area, all of the well records

While some of the domestic well information in

the study area may not be too reliable, the large number of wells (nearly

1,600) provides a reasonable degree of confidence.

Note that the total num-

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

of all of the we

Trentqn.

The well ra
city values. Ho

mining aquifer e

culation, as fol

11 records that were available in the files of NJDEP in

tio method can be applied to either yield or specific capa-
wever, specific capacity is a better figure to use in deter-

fficiency, as both yield and drawdown are factors in the cal-

lows: '

yield (GPM)
drawdown (feet)

Specific Capacity =

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

deed. can even re

the median speci

ach infinity when drawdown is zero. When one is comparing

fic capacity of one formation to another, the resulting ratio
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may be unusually large, giéen the nature of the distfibution. Therefore,

it is suggested that the Q3-Ql (75 percent-25 ﬁe;ceﬁt) value that.ié derived
from the cumulative frequéncybdistribution of specific capacities for géch
formation be uéed to assess aquifer perfo;ﬁaﬁée. For exémple, the Q3-Q1
values for the sandeone and argillite'formatiqns in the study area are 6.492
and 0.148, respectively (see Table 14), resulting in a sahdstbne/éfgiliite
ratio of 3.32. (see Tab1e>15). The aﬁerage sandstoné/argillite ratio based on
the three areas is 3.31 (see Tablé 15).. The averége 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 thé
best yield infbrmatién. Since Walnut Creek néér Flemington is underlain én¥
tirely By argillite ahd has hgd a‘continuéus gauging station oﬁérating in
the watershed from 1936-61 (24 complete years of record), it has.been selected
as the baséline aquifer. Thié'méans thét thé other formatibns in the stuéy
area will be comparéd’to the.argillite formation. Posten (1982) also éelected

Walnut Brook for his hydrograph separation analysis.

Royce Brook tributary neaf Belle‘Meadvin Hillsbqroﬁgh wanship is under-
lain entirely by shale. ﬁowe§ér, the watershed is smaller thén Walnut Brook
(1.20 vs. 2.24 miz)‘and had a continuous gauging station for a smaller time
period‘(10/66—9/74;'réactivated in 1/80). Therefore; Walnut Brook aﬁﬁearéd
'to_be‘the better choice. It woﬁld have been deéitable to select a larger |
’.watershed with a longer period of récord sugh as the Stbnj Brook at Princeton
(44.5 mizg diScharge»récords begin 10/53), but the watersﬁéa is underiain by

sevefal formations (see Table 13).
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Table 14

SFECIFIC CAPACITY. Q3-Ql VALUES OF SELECTED FORMATIONS

Stockton Brunswick Lockatong
Area Sandstone Shale Argillite Diabase
A. Study Area
Q3-Q1 * 0.492 0.339 0.148 0.118
Sample Size 54 112 426 91
B. Hunterdon County
Q3-Q1 0.572 1.335 0.337 0.342
Sample Size 124 471 119 | 35
C. Mercer County |
Q3-Q1 1.950 0.510 0.398 0.358
Sample Size 101 90 48 11
* Q3 : 75 percent; Ql : 25 percent ‘
Note: Specific capaéities were calculated only for those domestic and non-domestic

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

RATIOS OF

Table 15

SELECTED FORMATIONS BASED ON SPECIFIC CAPACITY Q3-Ql VALUES

Hunterdon Mercer
Sourland Mountain County County Average of
Geologic Formation Area Wells (1) Wells (1) Wells (1) Three Areas
Sandstone/Argillite 3.32 1.70 4.90 3.3
Shale/Argillite 2.29 3.96 1.28 2,51
Diabase/Argillite 0.80 1.01 0.90 0.90
Trs: Stockton Sandstone Trdb: Diabase
Trb: Brunswick Shale Trl: Lockatong Argillite

(1) See Table 14.
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H. Discussion and Conclusions

It'is readilygapparent,froﬁ the‘previous eections'that there are;a
variety of oethods:whiCh‘cap be‘hrought to‘bearvon eetimatesvof baseflow and
»heucehgrouud uater yieldr Other methods;veuch:aékthe ground‘uater etage:
diScharge rating curve procedure and well/aquifer tests are pbssihle‘in
btheory, but the'lach of obeervation wells:in the area precluded'their uee in

this study.

Hydrograph ahainis is a valuable empiricai method forbeatimating‘base4
flow. . Hydrographs w1th contlnuous records are avallable for thousands of
gaglng statlons in the U S Indeed New Jersey has the hlghest number of g'
gaglng stations per unit area of any state - about ‘five times the natlonal
average.;jHowever,'hydrograph analysis’ie laborious, as it inVolves the
_separationfof numerous yearshof meanhdaily.discharge into'stormflow (or
quickflow)band baseflow (or delayed flow). There are.many separation proééQ
dures, and the1r ‘selection and use is fraught w1th a high degree of profes- g_:
sional Judgment. Different 1nvest1gatore»can’come,up w1th varylng results“

using unimpeachabie but differentgtechniqueS'oh,the samebhydrograph."

Be that as it may, there is a strong hydrologlc ratlonale to hydrograph
separation. In addltlon the procedure can be programmed for a computer whlch
will of course:euable one to process many years of record forvmany'statlons.
(This procedure‘was heyond the ecope ofgthis‘project.)::Howeyer, one isr
Vetill»faced with the probleu of dealiug~withvwaterSheds underlaiu‘by two or
more rock‘tormations' The suggested procedure for estlmatlng ground water

fyleld on an areal ba51s (8Pd/m1. ) for each formatlon based upon hydrograph
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separation analysig is as follows:“

a) Collect all‘available well data within the study
.. area Co

b)

)

Calculate the speciflc capacity of all wells where

pump |tests were reported for 4 hours or more. Non-
domestic well records are preferred, but if the

; sample size is too small within the study area, in-

clude domestic wells as long as the 4-hour pump test
criterion is met. :

Perform a frequency dietrihution\analysis of all of

the

ell data. Obtain the Q3-Ql (75-25 percent) points

“on the’ cumulative frequency dlstr1butlon of SpElelC'
capacity for each formation.

d).

o)

Select one formation as the baseline aquifer with

‘which the other aquifers will be compared. Presum-
ably, the aquifer selected would have the best es-
timate of y1e1d avallable. :

Prep Te a Q3 Ql spec1f1c capac1ty ratio for all of

the

for

ormations in the study area and use the ratios
round water y1eld estlmatlon

-Flow-duration curves are a reliable and straightforward'basisvfor”base-

flow estimates.

A indicated earlier, the 1ow-flow end of a flow-duration’

fcurve‘provides excellent 1nformat1on about the geology and ground water

storage of‘a‘waterahed Floweduratlon curves whlch are steeply‘sloplng in-

dicate minimal amount of groand water in storage and consequently low baseflow.

Flow-duration data are avallable for many gaglng statlons and have

beenbrecentlyipubllshed for New Jersey (Glllespie and Schopp, 1982) They ‘

can be used”as’baseflow est1mators. However as noted above, the problem is

the‘selectiondof the low-flow portion of ‘the curve as the baseflow 1hdiCator.

o A‘review of,the‘literature:(see‘Section 11E) indicates‘that baseflow can be

estimated somewherg between the 60-percent and 99-percent points 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 " 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 ;he baseflow in the Swatara Creek basin in
southeastern Pennsylvania corresponded to 75-percent on the flow-duration
curve. Other eétimates (Frimpter, 1972; Miller, 1966) suggest the 90-percent
point but did not include hydrograph sepa;ation 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 80-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, the 80-percent point on the flow-dura-
tion curve for Walnut Brook at Flemington (which is entirely uﬁderlain by ar-
gillite) in conjunction with fhe average well ratio from Table 15 was selected

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

for purposes of comparison.

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

coming into the house will be returned to the ground via septic disposal fields.
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Table ‘16

ESTIMATED BASE FLOW FOR SELECTED
FORMATIONS IN THE SOURLANDS STUDY AREA

Base Flow (gpd/mi, )

: ) Hydograph Separation ‘ .. Flow-Duration Hethcd
Formation ) ‘ Method (a) ) Q70 (b) Q80 (c) Q90 (d)
Stockton Sandstone . 305,000 371,000 - 172,000 90,000
Bn;nsﬁck'smle ' zai‘,ooo o :281,000 131,000 53,000
- Lockatong A.rgillite“ . “’92,000_ :  ‘5-3112.000' 52,000 21,000
Diabase | 83000 101,000 47,000 19,000

v (a) Based on hydrograph separation for Ualnut Brook- at Flemington (all arglll-'
ite) and thé average well ratio shown in Table 15.

(b) Based on the 70-percent flow—duration point (Q70) for Halnut Brook at
. Flemington and the average well ratio shown in Table 15.

(c) Based on the 80-percent flou—duration'point (QSO) for Walnut Brook at
Flemington and the average well ratio shown in Table 1l5.

(d) Based on the 90-percent flow-duration point (Q90) ‘for Walnut Brook at
Flemington pnd the. average well ratio shown in 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 waterlng ‘f
shrubbery and lawns represents a. consumptive use whlch will not return to the
1oca1 aqulfer. ThiS-"loss" to eyapotransprrat;on wrll of course vary from

house to house; but the important thing isvthatethe‘amount thatvis used will

not he.available to reCharge~the aquifer.

Estlmates of the amount of water that 1s used within the house and that
w111 become spent water that is dlscharged to either sewers or septic tanks -
varies from 60f96 pereentt For*example, Fair, Geyer and Okun (1966).estimate
that 66-70'percent ofitheftotal-waterrsupplied becomes wastewater which isjin,
the same range asdthe‘Linsley andeFranzini (1972)restimate of 60-75 percentl
Note that the latter two estimates pertain'to communities with public waterfu
. and Sewer,v In terms of the waterfused by aneaverage househbld, Durfor ande‘
Becker (1§62) estimate‘that 96tpercent_of theawater coming into the house is
used within.the house.  New JerSey:Department:of Environmental frotection ésé
timates that the'depletive"use of water:for‘residential'areas'is about 10 per-
cent, which means that 90 percentvof the 1ncomrng waterbw1nds up as wastewater:

(Ross, telephone 1nterv1ew December 21, 1983)

If we assume that the’SourlandkMountain areaiwill remain in low—density
h0u51ng, then it is reasonable to presume a somewhat greater depletlve use of
‘water to account for 1arger lawn/vegetatedbareas; For purposes of this study
then,~a:depietive-use of 15'percentvis adopted whlch means»that 85 percent

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

" We' can now make operatlonal deflnltlons for two terms in common usage

1) base flow is. the amount of ground water that Wlll sustaln stream flow at



e'éS”F{

" Table 17

GROUND WATER YIELD ESTIMATES FOR SELECTED STUDY AREA FORMATIONS -

Formation . . - Ground Water Yield (gpd/mi.?)

Stockton Sandstone . .. . 145,000
. Brumswick Shale . .~ 110,000
'LbckatbﬁézArgillife"‘, B ":,.}‘,1 E "45.060v

:Diabaég : . e . ‘ ; " [N 40}QQO

'Note:  the values in this table are B85 pércent’ of the Q80 values shown .
.~ in Table 16. _All estimatgs“havq been rounded to the nearest
5,000 gpd/mi. T :
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given exceedence probabillty levels, and 2) ground water yleld is equal to the
base flow minus the depletlve use component. Thus, the procedure for obtaining -
ground water y1e1dvestimates 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 recommended 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 velues by>0.85 (or 15 percent
~ depletive use) to obtain ground water yield estimates,
‘The underlying presumption in all of this is that eontinued punping
on an areal basis (gpd/mi.z),at»the ground water yield estimate levelv
will_not have any deleterious'inpacte‘on the ground water resources of the
study area. If a sewerage system is inrrodnced whereby the wasteweter will be
collected‘and'disposed ofvoutside 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 fonllowing equa-

"rion,(Pizor, et alr, 1982):
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where Dws = avera?e development density in DU/acre based
on water Supply ' '

i water y1e1d in gpd/ml.z'

«:;Y = groun | |
.-Qs = per cfpita consumption in gals/person/day (GPCD)
P = numher of people/DU e ' o
= dwéll

. DU ing unit

_hForfconvenience, it is;useful.tO»use the reciprocal of DU/acre ‘which is °

acre/DU. This is shown on the ordinate oquigure 24,

If'you hold sta$d P constant, the equation plots as a. straight 11ne on

log-log graph:paperb(aee Fig. 24) Note the inverselrelationshlpvbetween

groundwater yield and average'development'requirements; as the groundwater

yield increases, the Lcres required'per DU_decreases.‘

Table 18 lists. ﬂverage development den51ties for a varlety of yield

assumptions. For\example, if we assume a yield for the diabase and argillite

of about 50,000 gp‘d/mi'-2 and a household consumption of 350 GPCD then appli-

cation_of,the‘equation results in average development den51ty of about 4.5

acres/DU.

Ithisvimportant
»disposal)»werebnotvi
: straining (fiéor,jet
recommendations for

doubled when onsite

tQJSﬁreSS that watervqua1ity‘chsideratiOns_(viz, wastwater
ncluded in the Dws‘equation andtare‘knovn to be much more con-
al, 1982). . For:example; average ninimm residential lot siie
consolidated rock areas in'central New Jersey are apprOXimately»

wastewaterbdisposal is considered Thus, the 4.5 acre/DU esti- "

‘mate is on the low %1de and the development density should be decreased to. allow s

3hmore'acreage’(and t]

it should be noted

us more recharge) per DU.

N

'Water‘quality‘¢ons1derations,

were beyond the scope of this report.
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Table 18

AVERAGE DEVELOPMENT DENSITY BASED ON GROUND WATER YIELD

Ground Water Yield : Average Development Density (Acres/DU)

(GPD/sq. mil.) » Qs = 100 GPD; P = 3.5/DU
25,000 | 9.0
50,000 , _ 4.5
100,000 S 2.2
150,000 1.5
200,000 | ‘ 1.1
250,000 0.9
300,000 0.7

X Y

Equation: Dws = 325—6;—?

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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Acres/DU

Figure 24. |

) 2 ’ ; & 5 6
Ground Water Yield (1000 gpd/Sq. Mi.)

7 8 910

Development Density Based on Groundwater
Yield. | ' -
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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.e The most 81gn1f1cant was the Water Supply Management Act ' N.J.S.A.

58:1A-1 et seg. In.rev1ew1ng the partieular prov1510ns of‘that statute,'it is

‘helpful to consider 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 resources of the State are public assets

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 common 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: 1A—2) (empha51s added) '

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

brOad'reguIatory powers.b The agency may adopt rules and regulatlons 'to control,

conserve and manage the water supply . .’. and the diver51ons of that water sup— '

ply to assure the citizens of the State an adequate supply of water . . Y
N.J.S.A._SSilA-S. ‘While‘the~administratiVe‘rules may be applicable throughout

the State;Vthey may he‘partiCUiarizeddto’address'local conditions. dThere'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 written and researched by Lew1s ‘Goldshore, Esq and
Marsha Wolf Esq :




-58;lA§5.‘_Pursuant

.adopt a broad array

‘ground water withdr

The essential

-permit system for di

withdrawals‘

torlly required to

N.J..S

BT S

to this enabling authority, the DEP ‘may be empowered tovy
of regulations limiting, conditioning and controlling

awals in the Sourland Mountain region.

control mechanism 1n the Water Supply Management Act 1s a
1ver51ons, statutorily defined to 1nc1ude ground water :
;A. 58:1A—3

“-5 to -8. Such diver31on permits are statu- -

1nc1ude prov151ons f1x1ng maximum allowable dlverslons,

1dent1fy1ng and 11m1t1ng the use of the water, permltting 1nspection and mon—'

' ‘1tor1ng-by the DEPV.
’:nece581tates a dive

'the DEP could justJ

N J s. A 58 lA— While the presumptlve threshhold that

r51on permit 1s 100 000 gallons per day, 1t appears that

fy 31m11ar controls over smaller d1ver81ons, particularly

in areas characterized by 11m1ted subsurface water supply

' The current water d1vers1on/allocat10n adminlstratlve rules adopted by the

-DEP and generally applicable to persons de31ring to d1vert more than 100 000

‘gallons per day are

compiled at N J A Cc. 7: 19 1 et seg. lncorporated w1th1n

'jthe eXisting_rule-making Is-a concern with maintaining adequate water-supplies,.'

'.with.preventing in

A‘nizing'the rights.

of other water users.

terference respecting existing water resources and with recog-

 An applicant for a Water.diversion per-

mit is thus required'to provide'all information to?establish ‘amongiotherkthings:

1. That|
and
: of

”That
" repl
. or t
“unfif

the plans proposed are in the- public 1nterest L

provide for the proper and safe construction'
11 works connected therew1th

diver51on of the quantlty of water requested

- 'shall not unduly 1nterfere w1th other existing sup-
plleS,,"' S . v :

d1vers1on normally shall not exceed the natural.ﬁ

enishment or safe yield of the water. Tesources .
hreaten to exhaust such waters or to render them'
t-for use from any cause,, :
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4. That the plans for the proposed'diversioné are just.
~ and equitable to the other water users: affected there-
© by;

6. 1In 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-
1y to result in groundwater Contamination;

7. That there are adequate sewerage fac111t1es for dlS—
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 aoplied to appiicants for smaller diversions in water-defici-

ent regions.

Another element of the water supply law that might he‘applicable under‘ex—d

treme circumstances concerns water supplyjemergencies. In the'event that a

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

the State is vested w1th extraordlnary remed1a1 powers 'Follow1ng a DEP»deter-

vmination of exigent conditions,ithe Governor is authorized'to proclaim by Execu-

tive Order a state of Water.energency and appropriate actions may be taken, in-

cluding the DEP issuance of orders to reduce water use or distribution, emergen-
cy interconnections and the iﬁposition of a surcharge on water use. AN;J{S.A.

' 58:1A-4. It is presumed that‘thESebmeasures;woﬁld_be of a temporary duration. -

Thus, where the conditions are of afchronic]natUIe,‘snch as in the Sourland Moun--
tains, the”preférahle practice would be to’rely'oniother-ﬁrovisioné;of thefstathte_

for.possihle reiief.
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tive package that
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vate company, purv

tomer connections.

 This statute would be

- ies operatevin_the

’ ling water quallty

:”by the DEP and the BPU anlb

’prlvate entlty
e s1tuat10ns where t
“'this statuteilsgli

"Mountain'Region;t

The water sup
lative involvement|
 that subdivisions

'could_result‘intfu

.

statute enacted as part of the 1981 water supply 1egisla—
might have applicability in the instant 51tuation concerns

i A "small water company

es. is defined to include any pr1-

eyor or entity, that supplies water to less than l ,000 cus-

N;J,S.A,v~58:11—59 et seq.
appllcable in the event that such small water compan—

area in;question and fa11 to- comply w1th a DEP order concern-

rhwater supply.‘.Followlng-a Joint public?hearing conducted

vOrder.could’be issued.directing thevaCQUisition-of\

pany by“the most su1table pub11c, 1nc1ud1ng mun1c1pa1, or

fllef under thlS statute would only be avallable ‘in those

here was a preex1st1ng small water company in operatlon.v Thus,

kely to be of 11m1ted a551stance w1th respect to the Sourland o

plylmeasures adoptedein'l98ltwere-precededbytsubstantialllegis-'
'iﬁ'vateflfésauréehiad} LA; earlyvas‘1954?the.staté recognizedx

not served by State approved water supply or sewerage systems o
ture‘problems' In an effort to address th1s situation, Ehg

Sewerage and Fac111t1es Act (1954) ‘N. J S A

’ .;Realty Improvement

bx_segf,‘commonly;ref

' 58:11-23 et

erred to as’ "Chapter 199", was enacted. ;51‘

a ,Thewrealtyhimprovement law:authorizedithe DEPfto adopt=minimUm standards for

the construction o

. facilities, basica

‘these systems were

'58:11-36.  Such st

f 1nd1v1dua1 and small non community water supply and sewerage
lly 1nd1V1dua1 wells and septic tanks, and to assure that
constructed 1n a safe, adequate and proper manner.

N J S A

andards have been adopted and are complled at N. J A c. 7 9 2 1
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et seg.v(stahdards 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
building permit shall be issued for a iealty improvement until compliance with

State standards or more restrictive local standards has been determined.

Except in unusual circumstances,'that is, where @ore than 50 units are sub-
miﬁted for approval,.the euthcrity to determine compliance with the:stendards
is éenerally assigned to the local board of health.. N.J.S.A. 58:11-26. 'It.
should be noced that in somevmunicipalitiee the powers of the board of health
are assigned to anotﬁer:municipal agency or are provided under contract with
a regiqnalAhealth agency. Even'Qhere‘lafgervdevelopments have been constructed,.

developers have been able to avoid State level-DEP epproval by phasing the de-. .

velopment. N.J.S.A. 58:11-25.1.

It appears that there is,scfficient statu;ory'aﬁthority to upgrede‘State—
level watef,supply regulations in watef—deficient afeas. N.J;S.A. 58;11-36; In
sqch’event, howeﬁer, the enforcemeﬁt of those stapdards for 511 practical_pur—
poses would remain af the municicalblevel. An érgument‘can be advanced for an
increasesd State ro1e‘in this pfocess, pafticularly in'thosebcommunities that
have experienced serious problems with private weils or wheretlccal bfficials
lack adequateﬁtfeining or interest to assdre compliance with the standards.

This realignment of administratiyebreepoheiBilityvcouldvbe 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 constructedvthe:eafter.



hIn,thisyregard,iit should be noted that a procedure for de31gnating cr1tical
‘areas for sewerage facilitles has been in place since 1966 and has been uti- N

yllzed in low—lying areas along the coast and in- the plnelands. See N J S A.

1»58 :11-43 et seq., Ocean Acres, Inc. V. State, 168 N J. Super.,597 (App. D1v.‘ y
.1979), certlf den 81 N. J 352 (1979) (reJectlng challenge to DEP s de31gna-
vh,tlon of central plne barrens as a cr1t1ca1 area for sewerage and water qual-'
'ﬁlty.standards and - to‘valldlty of DEP regulatlons‘rethrlng developer to obtaln.h

_,permits to install septlc systems on the property) N. J Bldrs. v. Dept.,of

: EnvironmentalvProt c.; 169 N J. Super. 76 (App. D1v. 1979), certlf den. 81
',“‘N.J.:402'(1979). It appears that even 1n the absence of the enactment of 1eg1s-
'-“lation eXpresslyvaddre551ng these 1ssues, 1t could be argued that there is

'sufficientjexisting general statutory author1ty to. remedy the 51tuat10n.'

In addltlon to the author1ty vested 1n the DEf the Board of dellc Ut111-:h
'tles (BPU) has substant1a1 powers concern1ng investor-owned water ut111t1es. |
';Suchjentitles are de31gnated publlc ut111t1es and subJect to the Jurlsdlctlon 5
~and controlvofhtheeBPU.‘ N.J.S.A. 48 2- 13; 48:19-5 et seq. Addltlonally, the
.%BPUiishauthorized to d1rect prlvate water companles to prov1de service in an -
environmentally acceptable‘nanner. N.J. S A. 48 2 23 Whlle 1t51s?conCe1vab1e_
':bgih?tftheebPU-codld become 1nvolved ln remedylng problemslln water-def1c1ent.
;;areas;hasda’resdlt ofvthe prevalence of 1nd1v1dua1 prlvate wells, rather than.i
»:small‘water?companles. in. the Sodrland Mountalns‘reglon vthe BPU s part1c1pa-'f

- tioﬁ.is=ﬁn1iké1y.f.’;[, 7
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B. quicipal Government's Role in Ground Water Managemént

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

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:
ing to 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 Conmstitution and of ény 1aw'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 include 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
by law. N.J. Const. (1947), Art. 4, section 7, par. 1l.
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Statutory authority for local involvement in the water shpply management

area includes the

general police power, the zoning power, the statutory author-

/

ity of local boards of health, and may additionally be implied from statutes

concerning water supply management. Where such powers are exercised, the Con-

stitution instructs that they are to be liberally construed in favor of the

municipal entity.

General Police Power

Pursuant to the Home Rule Act, N.J.S.A. 40:48-1 et seq., adopted in 1917,

the governing body

powers.

. may be enacted and

of every municipality is vested with broad general police

In addition to enumerating the specific areas as to which ordinances

enforced by‘municipal government, the Home Rule Act provides

a broad grant of authority to enable a municipality to adopt any ordinance it

deems necessary an
This provision pro

Any muni
other or
trary to
as it ma
ment, or

for the
- fare of

be neces
conferre
(N.J.S.A

This general

to expressly deleg
gar&ed as addition

for municipal acti

Inc v. Kearny, 70

vision providing t

d proper to promote the public health, safety and welfare.
vides in its entirety:

cipality may make, amend, repeal and enforce such
dinances, regulations, rules and by-laws not con-
the laws of this state or of the United States,

y deem necessary and proper for the good govern-
der and ‘protection of persons and property, and
preservation of the public health, safety and wel-
the municipality and its inhabitants, and as may
sary to carry into effect the powers and duties

d and imposed by this subtitle, or by any law.

. 40:48-2).

grant of police power has been broadly construed by the courts
ate State police powers to local governing bodies and is re-

al to, not merely ancillary to, the detailed authorizations

lon set forth in the statutes. Hudson Circle Servicenter,

N.J. 289, 298v(l976); Fufthefmore,‘the constitutional pro-

hat "any law concerning municipal corporations . . . shall be
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liberally construed in their”fa?or",igives’further weight to the express dele-

~ gation of police power to a municipality. N. J. Const. (1947) Art. IV, section

7, par. 11; 1d.; Quick Chek Food Stores v. Springfield Tp., 83 N.J. 438, 447 p
(1980) . | |

Accordingly, a municipality is empowered'to enact regulatory ordinances
concerning any subJect matter of local concern that is reasonably related to a
legitlmate object of the public health, safety or welfare, as long as the field

has not otherwise been preempted. Qpick Chek Food Stores v. Springfield Tp.,

supra, 83 NtJ; at 448. A presumption of validity and reasonableness’attaches
to ordinances, with thelpurdenkof proof to establish otherwise on the chalieng—
ing'party.‘_zgf at 447. Only a clear shewing tﬁat the ordinance is arbitrary‘or
unreasonable can overcome this strong presumption of validity. 1Id. Further,
the ﬁnderlying policy and wisdom of erdinances‘are‘regarded as within the do-
main of‘the governing body and an»ordinanCe will not be set aside if‘any Stater

of facts may reasohably be conceived to juetify it.  Id.

~ The braad delegation ofipolice pqweraset forth in N.J;S.A. 40;48—2 has
accqrdiﬁgiy been interpreted to authorize the enactment of municipal orainances
cbncerﬁing‘an expansive range of subject matter. For example, in the context
of environmental protection and safeguarding the health and safety of'the

community, exten51ve 1oca1 regulatlon of quarry operations was upheld See

,Dock Watch Hollow Quarry Pit v. Tp. of Warren, 142 N. J. Super. 103 (App Dlv.'”*

1976), aff'd o.b. 74 N.J. 312 (1977). 1In reaching this conclusion the court
ebeerved:

. 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. 813, 815, 4 L. Ed. 2d 852, 855 (1960). To-
day it cannot possibly be questioned that the preservation




-79 -

of the enyironment and the protection of ecological values

are, without more, sufficient to warrant an exercise of

this power . . . (142 N. J. Super. at 116, citations omitted).
Indeed, it has been recognized by the courts that local government may be

accorded the discreftion to devise measures tailored to meet local needs. See

Inganamort, et al. v. Bor. of Fort Lee, et»él; 62 N.J. 521, 528 (1973) (upholds

a rent control ordinance in the absence of express enabling authority). Clear-
ly, a problem, such as an inadequate water supply, existing in some municipali-
ties may be non-existent in others. Accordingly, muniéipalities may choosevto
act in a manner which will best serve the local need. Id. at 529. For addi-

tional examples of lordinances held to be within the broad purview of the muni-

cipal police power |see, e.g.;rgpick Chek Food Stores v. Springfield Tp., supra

(restriction of business hours of commercial establishment); Hudson Circle Ser-

vicenter, Inc. v. Kearny, 70 N.J. 289 (1976) (regulation of parking lots opera-

ted in conjunction|with "truck stops"); Lehrhaupt v. Flynn, 140 N. J. Super 250

(App. Div. 1976) aff'd o.b. 75 N.J. 459 (1978) (requiring certain municipal offi-

cials to make full| financial disclosure).

Iﬁ respect of the enforcement of local police powervordinances and penalties
for violating such ordinances, a governing body may prescribe penalties for vio-
lation of such ordinances by imprisonment for a term not exceeding 90 days, or
by a fine not exceeding $500.dQ,‘or both. ’N.J.S.A; 40:49-5. See also N.J.SiA.‘

40:69A-29(b) authorizing Faulkner Act municipalities to adopt:and enforce local

police ordinances |of all kinds and authorizing similar sanctioms.

The regulatory powers of the local boards of health should also be considerecd.
While these agencies exist in many éommunities, in some municipalities the board's

responsibilities are 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 apﬁears that local boards of health could enact ordinancesvpertaining
to water supply, but the precise scﬁpe 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 z municipality desirousbof enacting controls in this area to rely
on the general grant of the police pbwer 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-1 et seq., 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. Tﬁus in the event that a munici-
pality detefmined that a State water supply management statute was being vio-

lated, it could commence a lawsuit 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. 1In this regard, the State Constitution
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expressly authorizes the process of local zoning:

2. Zoning laws. The Legislature may enact general laws
under which municipalities, other than counties, may

adopt zoning ordinances limiting and restricting to speci-
fied districts and regulating therein, buildings and struc-
tures, according to their construction, and the nature and
extent of| their use, and the nature and extent of the uses
of land, and the exercise of such authority shall be deemed
within the police power of the State. Such laws shall be
subject to repeal or alteration by the Legislature. (N.J.
Const. (1947) Art. IV, section VI, par. 2).

Through the adoption of the Municipal Land Use Law, N.J.S.A. 40:5D-1 et
seq., the Legislature has implemented the constitutional zoning enabling pro-

vision.. Several provisions of the Municipal Land Use Law are applicable to

the municipal regullation of water supply. Included in the intent and purpose

of the act, for exgmple is:

a. To eqcourage municipal action to guide the appropriate
use or development of all lands in this State, in a manner

which will promote the public health, safety, morals and gen-
eral welfare;

b. To secure safety from fire, flood, panic and other natural
and man-made disasters;

e. To promote the establishment of appropriate population
densities and concentrations that will contribute to the well-
being of|persons, neighborhoods, communities and regions and
preservation of the environment;

g. To provide sufficient space in appropriate locations for

a variety of agricultural, residential, recreational, commer-
cial and industrial uses and open space, both public and pri-
vate, according to their respective environmental requirements
in order| to meet the needs of all New Jersey citizens;

. . .

j. To promote the conservation of open space and valuable
natural |resources and to prevent urban sprawl and degrada-
tion of [the environment through improper use of land;

(N.J.S.%. 40:55S8-2).
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 Implicit in the»development of,sound‘aoning regulation is that municipalities
consider the State's public policy‘of preServing‘the‘environment; local zoning
~decisions may thus Be'properly influenced by the'cOncern with protecting the

environment’from pollution, impairment'and-destruCtion. 'Lusardivv. Curtis Point

Prqp Owners Ass n. 86 N.J. 217 229 n.3 (1981), N. J S A. 40:55D-2(e),.(g)
(1), (J) N.3.5.A. 2A.35Ae - MOreover 45 a practlcal matter, the adequacy and
reliablllty of an area's Water.supply are major factors in determlnlng its rate

of“grthh and development.

Any doubt concerning the"importance‘of integrating environmental factors‘in

the land use process was removed by the Supreme Court 1n its recent dec151on in

So.. Burllngton Cty. N. A. A. C P. v..Mount Laurel Tp., 92 N J. 158 (1983), common-v_

ly referred to as Monnt Laurel II.' In thls'regard,;partlcularly in areas deslg—h
'_nateddas "linited gronth"', "agriculture" or'ﬁeonserVation" areas by the State
,Deve10pment Guide Plan,'environmental‘coneiderations»1imitvsnehdmunicipalities'
hodsing’obligation>tomité 1ﬁdigén6u§iy generated present,need. In thoee.nunici-
paiities COntaining growth areas,,honever,'enVironnentalvimpactvmust be ehown to
be»substantial before it-may he uéed’to restrict theveonstructdOn of affordable

»housing. Accordlngly, under the ratlonale of the Mount Laurel II dec1s1on,‘

concern for protectlon of the env1ronment remalns strong. Of further relevance
‘to local concern w1th water supply 1ssues, is the Court's statement that asv

long as ' a communlty satlsfles its fair share obllgatlon 'other measures, includ-

ing'large-lot and open area zon1ng,)W1ll not be restrlcted by~the Mount Laurel
doctrine. Thus, low den51ty 11m1tat10ns whlch may be a useful approach in

water—def1c1ent areas, ‘are not necessarlly v1olat1ve of Mount Laurel obllgatlons

as 10ng»as-$ueh obllgatlonslare Otherw1se“sat15f1ed.

Of-particular_relevanee to.the:integration of»water'supply concerns ‘in
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process, is the provisioh in the Municipal Land Use Law pro-

ization of the statute's objectives by the adoption of a
le the use of lands within the municipality in a manner which
l1th and safety and promotes the general welfare'". N.J.S.A.

5t essential element in the plan, the land use plan element,

le for the zoning ordinance, and is expressly required to

take into account water supply issues:

(2) A land use plan element (a) taking into account the
other master plan elements and natural conditions, in-

cluding,

ut not necessarily limited to, topography, soil

conditions, water supply, drainage, flood plain areas,

marshes and woodlands.
(emphasis

.« « . (N.J.S.A. 40:55D-28b.(2)

added).

Other optionall elements of the master plan involve water supply considera-

tions.

The utility service plan element should analyze the need for and indi-

cate the future general location of water supply and distribution facilities,

as well as drainage 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 may

the preservation,
clude to the exten
28b.(8). The mast

properly incorpora

pal master plans r

The subdivisi

ties for municipal

40:55D-37 and -38.

other things, 'ade

v also include a conservation plan element which provides for

conservation and utilization of natural resources which in-

'
-

appropriate, open spéce, water, and soil. N.J.S.A. 40:55D-
or plan may thus be quite detailed and comprehensive and should
te water supply issues. Experience indicates that few munici-

eflect these statutory goals.

on and site plan review processes pfovide additional opportuni-
ities to deal responsibly with water supply needs. N.J.S.A.

These ordinances must include provisions ensuring, among

quate water supply, drainage, shade trees, sewerage facilities
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and other utilities neeessery for essentiei sefvices to resiéents and occupants''.
N.J.S.A; 40:55D-38b. (3). vAs_a'discretionery'provision; the governing body may
include in ankordinance:;equiring planning'boardiapproval bf either subdivisions
or site plans‘or.both, "provisions for‘off—tfact weter, sewer; drainage; and
street improVements which are eecessitated.by a,subdivision'or‘land development
.« " N.J.S.A. 40:55D-39a. Additionally; a governing body by ordiﬁance may
adopt regulations reqdi;ing a developer as’a condition forrsubdiviéibn or siter
plan approvallto pay a pro-rata share of the eost of ﬁroviding reasonable and
necessary street-improvements and weter, sewerage and drainage facilities, es
well as easeﬁents for such facilities, which ére_located outside the subdivision's
property limit But are necessitated by virtue of the constructioﬁ or improvements

within the subdivision or development. N.J.S.A. 40:55D—42.:,

~ Another important grant of authority to local government pursuant to the

Municigel Lend Use Law, from which the power to address water supply concerns
may be derived,vis througﬁ the go§erning bodj'sbadoptionVOr'amendment‘of zon-
Ving ordiﬁances>re1atiﬁg to’the nature end'extentlof the uses of land and qf the
buildingslaﬁd structures theredn. IN;J.S.A. 40;55D-62. It isethreugh fhe adoption
of such zoning provisions that the mdniciﬁality exercises‘its ultimate responsi;
bility toaestabliSh the essential lend use character of the community. In order
tovfﬁlfill the ﬁnderlying purpoées of tﬁe 1end usevstatute, including the-apﬁre-
'priate use §f development of iands in accordenee with the public health,rsefety
and welfafe and toerespect environmentai considerations; the law requiree that .
zoniﬁg ordihaneee‘“sheli be drewnbwithvfeasoﬁable consideration torthe character
ofbeach district and its peeuliar suitability for particular'uses:ahd to en-:

courage the most appropriate use of land". N.J.S.A. 40:55P—6Za. Thus, muni-~
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encouraged to regulate land use in water-deficient regions

in a manner that respects and is compatible with the environmental limitations

of development. Tg the extent that objective scientific information concern-

ing water supply 1li

mitations is available to assist local planners in determim-

ing appropriate densities or other restrictions, such information should be uti-

lized in formulating the regulations.

C. Limitations On The Exercise Of TLocal Authority

In considering

>

c water supply management powers of municipalities, it is also

necessary to recognize the limitations on the exercise of that authority. Local

government must ac
Constitution and b

enact laws or adop

225 (1980).

general police pow

In determinin
the power to addre
involving the inqu

the power at issue

ture has, in fact
municipalities. in
other statutes de

y

local initiative.

527 (1973).

Additionally

Munic

t in accordance with authority delegated to it by the State
y statute; there is no inherent jurisdiction as such, to

t regulations. Dome Realty, Inc. v. Paterson, 83 N.J. 212,

ipalities may accordingly enact ordinances pursuant to their

er and pursuant to their zoning power.

g whether police power delegated to municipalities encompasses
ss a given matter, thé Court has set forth a three-prong test
1iry whether the Stéte'Constitution prohibits the delegation of
>; if the grant of power is‘permissible, whether the Legisla-
done so; and if the statutes vesting such police power in
rlude the area under consideration, whether the existence of

3ling with the subject matter preempt or bar the exercise of

Inganamort, ét al. v. Bor. of Fort lee, et al., 62 N.J. 521,

, all enactments are subject to constitutional limitations that
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‘they not be unreasonable, arbitrary or capricious and that the means have a real

and substantial relation to the purposes sought to be attained.

In general, there is a presumption ;haﬁ action has been taken on fhe nasis
of adequate-factual support and in the~absence of e snfficient showing'to ehe
contrary, it is assumed that such.enactments are gfonnded nn a rational basis;
This presumpfion mayvbe oveicome only by proofs precluding the poesibility 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 Realty, Inc. v. Paterson, 83 N.J. 212, 235 (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‘MuniciRal Land Use Law must also be consist—

ent with the standards set forth therein. Lusardi v. Curtis Point Prop. Owners

Ass'n., supra, 86 N.J. at 226.

It is also axiomatic that all ordinances are eonstitutionally_required to con-

tain reasonably explicit standards to accord a person of ordinary intelligence

fair notice of the nature of the prohibited conduct. See, e.g., 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 the terms be

reasonably definite and eertain.',See,'e;g., Morristown Rd..ASSOC.'v.'quor of

Bernardsville, 163 N.J. Super.v58,.63 (Law Div. 1978) (invalidating amendment to
a zoning ordinance establishing review of site plans by design review committee'
'based on the eriteria.of harmony of architectural design on the grnunds that

such standards were unduly broad and vague, the absence of guidelineé vested
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the reviewing bodies with unlimited discretion and would preclude conformance

with the requiremén
arbitrary and capri
police power regula

tions must be based

able.

Another import
of water supply thr
clusion of local re
that municipalities
powers, are preclud

contradict a policy

548, 554-555 (1969

tive is in conflict

if the legislative

municipal ordinance
quires uniformity ¢

so pervasive or cor

Overlook Ter. Mana

ts of the ordinance by the applicant and would permit the
cious application of the ordinanée). Thus, zoning or

tions that limit development because of water supply limita-

on a firm factual foundation and be reasonably understand-

ant issue to be addressed with respect to local regulation
ough the land use process is that of State preemption or pre-
gulation. This doctrine is predicated upon the principle

» as agents of the State and as entities possessing delegated

ed from acting in a manner contrary to the State and may not

established by the Legislature.

Summer v. Teaneck, 53 N. J.
. To determine whether or not the exercise of local initia-
with the preemption doctrine, it is necessary to determine
enactment is intended to exclusively occupy the area, if the
conflicts with the statute, if the‘pérticular subject re-

»f regulation throughout the State, or if the State law is

nprehensive as to preclude coexisting municipal regulation.

be. 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

1. Does
either b
effect,
Legislat
what the

2. Was

considerations relevant to a determination of preemption:

the ordinance conflict with the state law,

ecause of conflicting policies or operational
(that is, does the ordinance forbid what the
ure has permitted or does the ordinance permit

Legislature has forbidden)? . . .

the state law intended expressly or impliedly
to be exclusive in the field?

. . .
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3. Does the subject matter reflect a need for uniform-
ity? e o o ‘ - ' .

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 appliéation of these criteria, the courts have on

occasion invalidated iocal ordinances. See, g;g.; Little Falls Tp. wv. Bardiﬁ,
173 N. J. Super 397 (App. Div. 1979), certif. den; 82>N.J. 286 (1980) (town;‘
ship'ordinanée precluding the operafion of a sanitary landfill within the
geograﬁhical boﬁndaries of the municipality was held to be preempt¢d by.the‘v

Solid Waste Management Act); Brunetti v.‘Milford; 68 N. J. 576 (1975) (State

1egislation concerning landlord/tenant relations preempted the eviction pro-

visions of ‘a local rent control ordinance since the State statute provided "a

'complépe system of iaw"); State v. Crawley; 90 N. J. 241 (1982) (New Jéréey

Codg of Criminal Justice, N.J.S.A.'ZC;l—l et seg., deterﬁined to preempt a muni—‘
cipal loitering ordinaﬁce). 1n‘ofhér inétances; objections to locaiiordiﬁénces '
on preemptibn'grounds have been unsuccessful. Accordingiy; a ﬁunicipal ofdinancebv
requiring substantiai compliance with tﬁe sténdards of habitability éontained ip
its housing code before‘a new tenant could take possession of‘rentédvfesidential'

premises was held to be‘valid despite the challenge of preeﬁption. ,que‘Realtxg

Inc. v. Paterson, 83 N. J. 212 (1980). For other instances in which thevLégiS-.”
lature was held not to have intended to preempt municipal action to address

local concerns in a given area see, e.g., Summer v. Teaneck, 53 N.J. 548 (1969) -

(uphblding'ordinance_preventing blockbusting); Belmar v. Buckley, 187 N.J.

Super. 107 (App. Div. 1982) (the Eeleefsey Code of Criminal Justice did mot "
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preempt local enactment prohibiting public nudity of a character not rising
to the level of lewdness). It appears that the preemption doctrine should

not pose serious im%ediments to thoughtfully prepared local ordinances concern-

ing water 5upply.

One other aspect of water supply law could potentially have an impact
on remedial initiatives by municipal government. in addition to the regulatory
system consisting off State water supply statutes and pertinent municipal or-
dinances,'there arel a number of common law rules derived from judicial deci-
sions that define and control water rights issues between competing public and
private users of tHe résource. It should additionally be noted-that as a re-
‘sult of the relative abundance of New Jersey's water supply as compared to
the arid Wesﬁ, water rights issues in New Jersey are not as well developed as

in other jurisdictioms.

In general, the common law system enables a landowner to make reasonable

withdrawals of subsurface water for uses in connection with the overlying pro-

perty. See Meeker| v. East Orange, 77 N.J.L. 623 (E & A 1909) which enunciated

the now classic statement 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 private person and public entity in underground watefs used by both.
Special provisions concerning priorities may appiy in times of drought. It
appeérs logical that an analogous system of priorities would be applied by

the courts in water-deficient areas.

Ordinarily, T conflict between the regulatorj syéfem and common law rules
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defining rights between'competing users wili not arise. In the event eﬁat‘a
conflict did_develop,'it is likely that the.regulatdry aéﬁroach; if‘reasonable,
would‘prevail. To assure that there was no such 1ncon51stency, a mun1c1pality
proposing to d1rect1y control or limit subsurface w1thdrawals should devote
thoughtful-consideration to the reasonableness of its approach as well as to-

water rights issues.

.In-éonclusion, a review of the applicable statutory pro&ieioﬁs and case
law decisipns indicatesjthat the State,vas Qell as municipal governments, have
a subStantial residuum of eresently unﬁtilized.authority concerning water auﬁ—
ply management. The'State's powers afe expansive'and are notklimited to diVef—b
sions exceedingv100,000 gallons a day, pafticularly in’areas where the resource
is limited_or threatened.v If conditions were considefedvto be serious in'Watere
deficient areas, the State DEP would elearly be justified iﬁ taking remedial

. action.

»The ﬁnmef challenge; however, concerning &ater supbly’managemeht is clearly
at the menicipal leyel. ‘Local government has the potential’th:bugh_the feason—_
able exercise of the zoning power and police power to have a significant roie
iﬁ the water supply management process. Zoning and'subdivisioﬁ fegulationS'may
be adopted thaﬁ are protective ofveXisting ahd pfospective water suppiy condi-
tions. Limitations should be based oa technical suppofting information, recogniz-
~ ing that sound judgmeﬁt, rathef than absolute precision, sheuld 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 to and maintained. Furthermore, where justified, it appears
that municipalities are empowered to adopt requirements adequate to protect
the ground water resource, even if these requiréments are more restrictive than

those set forth in | State provisionms.




' IV. PUBLIC POLICY MEASURES FOR GROUND WATER CONSERVATION

'A. An Intergovernmental Process

Section‘III,of this report conCludes that the State and municipal-g0vern—
ments each have 'a substant1al residuum of presently unutlllzed authorlty con—'

vcerning water supply management.

As noted, groundvvater supplies'in the Sourland Mountain;vioinity are_even
now being stressed:in some areas and these preasurea:wiil-certainly increaee in |
the future.e:Thus,;the‘QuestionoiS‘not Whether'government_can’respond but, rather.
what'the»appropriate governmentalvresponse should be. How‘can‘eaeh"level of‘governri"
mentrmost'effeotively deploy its authority to prbtect’the suStained.‘perenniai
yield ofdthe ground water resouree?' While the detalls of such a pollcy are beyond

the scope of thlS report, a prellmlnary dlscu351on is approprlate.

F1rst, 1t should not be assumed that centrallzed water dlstrlbutlon by pub11c
or private purveyors w1ll.be fea31ble throughout areas such as the v1c1n1ty of
the Sourlands. Here, ‘as in other‘suburban frlnge areas 51mllar1y s1tuated the
density of re51dent1al development is 11ke1y to be so low that, even as develop-
ment contlnues, the 1nstallat10n of ‘a water dlstrlbutlon system may prove proe'v
h1b1t1ve1y expen51ve. In the overall suburban development mix there w111 of
course be concentratlons of hlgher‘den51ty re51dential and non—re51dent1al develop4:
ment, principally along'highway corrldors,‘that can economlcally bevserved‘by cen-
tralized syetema.v However, 1n outlylng areas, re51dentia1 development can be ex—
pected to be at far 1ower average den51t1es than New Jersey has been accustomed.to;ﬁ

ThlS is a departure from the trad1t10na1 pattern of suburban growth, where the den-
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; ‘(\

;sity»of‘development was typlcally high enough to support centralized water supplyzi. '

when it became necessEry.

- The;New'JerseylStatew1de Water Supply Master Plan, adopted in 1982, states.

‘ Ultlmately, we: must all reallze that ‘the
- continued avallablllty of adequate and ‘
safe water supplies for future generations -
- will require implementation and enforce-'»
~ ment of sound land use polic1es.1

This document,aISOvnotes that ... the actlve assistance of'counties and municipal-

' ities'as”theyﬂapply the1r land use’ powers 1n urban and urbanlzlng areas' will‘bey

vindispensable'to the success of aqulfer protectlon programs.

A,subsequentg"Update" to the Water Supply Master Plan (August, 1983) .statesav

NJDEP'siintentionito adopt regulatlons authorlz1ng the Department to dellneate

‘.}"water’Supply:critical areas when, among otker condltlons, there is a shortage

of ground water. ' I

Itlls understood that regulatlons 1mp1ement1ng thlS concept

have now been'drafted and are presently under rev1ew.

- At;the-present;'only the'State Departmentﬂof Environmental ProtectiOn has

'ﬂthe'teChnical resources to evaluate ground water resources and w1thdrawa1 pro-

'HThis.is largely because of the absence of adequate data.f Evaluatlon

under these c1rcumstances becomes a questlon of profe531ona1 experience and Judg-d_

In addltlon, ground water 1s characterlstlcally a resource'of‘reg1onal‘

dimen81ons, requlrlng reglonal management.- The 1nterests of one municlpallty mayr

- conflict with‘itsinelghbors who may share the same ground water resource. These

N J Department of Env1ronmental Protectlon, New Jersey Statew1de Water -

Supply Master Plan Aprll 1982, p. 62 f'L

N. J. Department oE Env1ronmenta1 Protectlon, Statew1de Water SupplyiMaster
Plan Update, August, 1983 p 2.}" ' o : .
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are strong arguments for a state role.

On the other‘hand. municipalitieSnrewiew land dewelopment probosals_routine—v
1y, and are charged by law w1th the protection of the water supply as well as
other resources. In the past decade water supply con31derat10ns have become_
-very.much a nart Of'municipal master plans and-zoning ordinances.. It is not lihe—

ly that local governments will choose to turn this respon51b111ty over to the
state. Further, many w1thdrawals 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 reViewedvlocally.

Given the appropriatenessband legitimacyrof:both’municipal:and,state inwolve4:
tment’in ground water'management 'care‘shouldvbe;given to a clearly‘stated inter—"
'governmental procedure g1v1ng both mun1c1pa11t1es and the State exp11c1tArespon51—
bilities. The draft "Elements of a Ground" Water Conservatlon Ordinance prov1ded

below outlinesg mun1c1pal respon51b11it1es. lhe Department of Env1ronmental Pro-
tection; with 1ts draft water supply management regulatlons, has begun to define

a staterroler As the state drafting and review process_continues,,it is expected'
that.the”responsibilities of‘the‘warious‘lewels of5g09ernment will be more explicit-

1y defined. .

This discussion would not be COmplete without mention of‘thefpotential‘county
role in ground water management. Counties are a reg10na1 1eve1 of government ,
1ntermedlate between the state and the munic1pa11t1es. Counties are more capable
flnancially of supportlng a technlcal staff ' lndeed,,seweral New Jersey counties

already employ env1ronmentally—tra1ned spec1alists. _Countiesicould effectively‘re—v



gulate ground water bithdrawals under overall policy guidance from the State.

Indeed among “watenshed and aquifer protection programs elements listed in

the State Water Supply Master Plan 1s a demonstration county level water resource .m'-'

hmanagement program, in the context of the. County Env1ronmental Health Act (N J. S A.

- 26 3A2 21) which already prov1des certaln authorlty for such act1v1ty.

Clearly, the developmentiand adoptionuoi a well;halanced intergovernmental
process for ground vateriregulation‘Willlrequiteytimevand'thought,;lln the mean-
- time,,municipalities infthelsourlands’area and~throughout‘the‘state are*fevising'}
lmaster nlans:anddzoninglordinances,.dltvistimoortant,that'these local initiatiVesl
hincorporate'thetbest thinkingﬂavailahle.i In other states where ground water supply

'vand"qualitytare becoming public concerns, local governments are actlng on their :

own initiative as well. Wlth thlS trend 1n mlnd the follow1ng "Elements of a

Ground’Water"ConSe atloanrdinance is presented;‘

B;;ERecomm'nded'MunicipalfGround Water ConSeryationbmeasuresﬁ,

. .Three means are available to local government to manage and conserve ground.

water resources res onsibly'in.accord with the findingsfof”this,report,

xﬂ'First,,the‘mun“cipal'master plan and zoning ordinance*shouldhbe'reyiewed'and
amended to reflect he recommendations of Section II-H withbrespectftOvaverageude4‘

i, uelopmentydensity b sedlunonvgroundiwaterayield.

Second the mmnlclpality should establish "low ground water y1eld areas
.fThese are areas where sc1ent1f1c analy31s has concluded that w1thdrawal of groundlw'
'*””water through agrlcultural domestlc, or commerc1a1 wells may adversely affect the

1ong—term equilibrlum of the ground and surface waters, may result in 1nterference:.

,11, T , ) ‘ o , o
“See American,Planning Assoc1at10n Local Groundwater Protectlon Programs. 'PAS~;
~ Memo 83-8, August, 1983.ﬁ ' ‘ » Ll
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between existing and prospective wells; and may adVerselytaffect'the natural flow

of streams.

Thlrd, spec1al review procedures de51gned to protect the ground: water supplpv
for present as well as future users should be applied w1thin "low ground water
yield areas". A draft presentation of elements of a ground water’conservation
.ordinance appropriate for such. areas follows. Both the underlying minimum aVeragefe”
‘development densities andvthe'special review requirements_are'required‘beCause ofr
the>Variability ofvhydrogeological conditions in thebstudy area}‘ It_is difficultd.

. ‘ ‘The proposal

to generalize about conditions at a particular development site.

that follows is 1ntended to reveal conditions at the SpeC1flC development site.

* ELEMENTS OF A GROUND WATER CONSERVATION ORDINANCE

_1.0V'Purposeslv

The PurpOSesHOfvthis ordinance'are<to/maintain}the’1ongfﬁermwﬁatural equili;7
v brium of-the”ground and surface waters‘of (insert name of municipality)§ tofpre—v“
Vent 1nterference between existing and prospective wells, to maintain the naturall
flow of streams and to assure the avallability of 1nd1genous natural sources of

water fOr present and‘future generations.

2.0 Definitions'd“

, Agricultural use.  The use'of 1and for common farmsite attivities”including

.but not limited to: production, harvesting, storage, grading, packaging, process-‘
ing and the wholesale and retail marketing of crops, plants, animals and other Te- :
1ated commodlties and the use and appllcation of techniques and methods of 3011
preparatlon and management, fertillzation weed disease and pest control dis-, -

posal of farm waste irrigatlon, dralnage and water management and gra21ng, :
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it}

Applicant. A developer submitting an application for development (MLUL)

Application for

Development. The application form and all accompanying docu-

ments required by ordinance for approval of a subdivision plat, site plan, planned

development, conditional use, zoning variance, or direction of the issuance of a

permit pursuant to Section 25 or Section 27 of Ch. 291, Laws of 1975. (MLUL)

Community water supply‘system. A source and distribution system for potable

water that is not connected to any governmentally-owned water supply system. Ground

water may be supplied by menas of individual wells on individual lots, or by means

of a community well or well field.

Low ground water yield areas. 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 excessive amounts of ground water through agricultural, domestic, or

commercial wells may| contravene the purposes of this ordinance.

The

Developer. legal or beneficial owner or owners of a lot or of any land

proposed to be included in a proposed development including the holder of an option.

or contract to purchase, or other person having an enforceable proprietary interest

in such land. (MLUL)

Local enforcement officer. The municipal health officer or other technical

representative of th

(Note: The pérson fe

Local land use

e municipality as designated by the township committee.

r agency responsible should be so designated in the ordinance.)

agency.

proval of an applicsg

The municipal agency responsible for review and ap-

tion for deVelopment.

Note: MLUL indicate

Laws of 1975,

s definition taken from the Municipal Land Use Law, Ch. 291,
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3.0 ‘Loleround Water Yield Areas
3.1 Low ground water yield areas w1th1n (1nsert name of mun1c1pa11ty)

are 1dentif1ed on the map attached hereto and made a part 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 ground water that may be withdrawn without contravening the purposes

of this ordinance.

3.3 The provisions of sections 4.0, 5.0, 6.0 and 7.0 shall be applicable

‘within low ground water yield areas.

_4.0‘ Construction Permits. .

4.1 No construction permit for a 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 enforcementgofficer
as compiying with State.standardssfor the construction of‘public non-comnunity and»non_
publlc water systems (N J.A.C. 7 10 - 3 20 et seg.), and as belng otherw1se acceptable

as spec1f1ed in Sectlon 7.0 of thlS ordlnance

5.0 ‘Agricultural Use

5 1 A person 1ntend1ng to use ground water for agrlcultural purposes shall

" be entltled to no more than the amount of ground water calculated on the b351s of

the follow1ng formula: “



“where: Yp ‘,=v Amount to which the property.
C v ' owner is entitled
Ap Area of property ownership
Yc, o Perennial yield of the

area in gals (day/mi.2)

5.2 Prlor to belng’pumped'for prodoctioﬁ Ean‘agriculturel well‘shell be
tested by the ownervand certlfled by the: 1oca1 enforcement offlcer in accordance

with the appllcable prov;51ons of‘Sect1onv7;0._

'6;0:fLatger‘Development Proposals‘

6.1 The‘prov131ons of this Section shall apply to appllcatlons for subd1v151on
-~ of 3 or more lots, constructlon of: 3 or more dwelllng unlts, and constructlon of more

than 5, 000 square fdet of space for non—re31dent1a1 purposes.'

6 2 An applicatlon shall 1nc1ude a repott Byda qoaiified_hydroiogist on the“ o
geohydrology of the proposed development site amd'its.environs. _Thevreport‘shall‘
‘;cqyer the»follow1ng: | | ’ ’ »
| o | (a) A dlscus51on ofithe geoﬁydroiogy;ofvthei
» . s1te and its environs including 1ocationv

~ of any known fractures or faults.
'd(b)’,Location and technical specifications
.vfor the'proposed well(s).

(o) Location and technlcal spec1f1cat10ns
L for. dlsposal.

u‘(d) Results of the tests described in Sectlon'
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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, comment
and recommendation. The Division's comments and recommendations regarding the ap-
plication shall bg 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 ﬁse agency
may disapprove an applicant's water supply plans with conditions or may require ad-
ditional éurveys or tests before approving the application, or the local land use

agency may approve the application when it is satisfied that the requijements 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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o
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_ 5

onal tes

| Test D Qbservation-
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Ti:26 - 49‘,?"‘b :  :12“ : - : | dz‘
' SQ Lod'oﬁer;., At the enforcement officer’s discretion
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J. A C. 7

"Community Systems
A L - I
tlwella;may.be required at the loCaloenforcement’officerfst

ells shall be pumped contlnuously for: 8 hours. "In accord-

ing 1nformat10n about each well will be furnlshed to the

Llo =3. 58 each well shall be tested for yleld drawdown and

ficer and recorded on*the well‘record by the drlller andvtrans-'

on of Water Resources.

on:. Block -and Lot;fstreetfaddressﬂalso'if possible
rilled

diameter

in gpm

icfformation'(or‘rock5typé)

of ca51ng (should be a mlnlmum of 50 ft )

water 1eve1 (the elevatlon of water Ain a well

when no pumplng is in progress)

PumplngnleVel (1n{feet)]

Pﬁmped,(should‘beia”minimum‘of?S'hours)}f‘
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k) ‘Drawdown'in feet

1) ‘Recpvery timé

m) Deptﬁ to bedrock

n) Elevétion at ground'surfacev

o) Specific capacity (gpm/foot of drawdown)

7.3 Observation wells and all existing domesticland other wells witﬁiﬁ 500"
of fhe'boundaries of the proposed developmeﬁt site shall be monitored by the aﬁpli—
cant continuously during the pumping test and any chaﬁge in well levels shall 5e
recorded. The local eﬁfdrcement officer may reQuire monitoring of wells further

from the boundaries of the proppsed development site if hydrogeologic conditioné

warrant it.

7.4 If a‘drawdown exceéding 2' is observ;d in any observation well or a
well Qn a‘neighboring property or if in the‘judgment‘of thellocal ehforcement
officer or the local_land use agént tﬁere is reason to believé that the purposes
of this ordinance may, in any Way, be contravened by the proposed withdrawals,

additional test pumping may be required by the enforcement officer.

It is important to emphasize that the foregoing is presented as an outline
for consideration by municipalities. Before adoption, the outline should be re-
viewed by the municipal attorney, engineer, and planner and adapted to the par-

ticular circumstances and considerations affecting that municipality.








