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1.0 ABSTRACT

A hydrogeological study of a valley fill aquifer system
situated in an integrated pre-glacial and post-glacial
drainage network was conducted. The unconsolidated glacial
deposits consist of various proportions of pre;Late and Late
Wisconsinan sediments which directly overlie Precambrian
crystalline bedrock. The thickness of the deposits range
from a thin mantle of till in the uplands to over 91 meters
(300 feet) in the main channel of the Ancestral Rockaway
River. I

Compilation and subsequent interpretation of existing
geological and hydrological data indicated that the buried
valley deposits constitute a complex multi-aquifer system in
which.stream-aquifer interactions play an integral role.

The ﬁodular Three-Dimensional Finite Difference Ground-Water
Flow Model (Mcdonald and Harbaugh, 1984) was used to
simulate probable hydrogeological configurations and to
determine possible values for the aquifer parameters of the
extremely inhomogeneous sediments. Precise delineation of
the various stratigraphic unifs into hydrostratigraphic
layers was problematic. Distinctions between the vafious

hydrostratigraphic units were based on both the horizontal

and vertical hydraulic conductivity contrasts of adjacent

layers.




The calibration process was treated as an inverse
_prbbleh in which hydraulic conductivity, transmissivity, and
leakage were varied. Steady-state simulations with constant
areal recharge were conducted. Model calibration was
achieved by adjusting aquifer parameters of the‘médel unti;
thEYCOrreSggnded to paramaters representative of the
physical system. Matching calculated river fluxes between
successive reaches of the Rockaway River with river fluxes
observed in the field was used as a guideline ia the
development of a model capable of simulating actual stream-
aquifer flow dynamics.

‘ Overall model calibration was thwarted by the existance
of too many hydrologic and geologic unknowns in the system.
However, computer modeling was successful in defining
constraints on the hydrogeological system and in
constructing a realistic and supportive model that can be

expanded upon as more field data become available.




2.0 INTRODUCTION
2.1 Purpose and Scope of Investigation

The purpose of this study was to define the

hydrogeologic system operating within the Pleistocene valley

fill deposits located in a portion of the Rockaway Valley iﬁ

northeastern Morris County, New Jersey. Included in such an
investigation is the characterization of the geology, the
groundwater and surface water hydrology, and the climatefcf
the area. Successful description of the dynamics of the
groundwater flow regime dipends upon how completely these
factors can be determined and how thoroughly their
interrelaﬁionships can be assessed.

The Rockaway Valley aquifer system is believed to
consist of a network of tributary kuried valleys which
coalesce into one main extensive buried valley (Canace et
al., 1981; Geonics, 1979). Aquifer parameters in such an
environmept_commonly exhibit extreme variability. The
labyrinth of buried valleys and the hummocky topography of
the area implies the existence of a complex hydrogeological
system. According to Freeze and Witherspoon (1967),
hummocky topography, like that of the Rockaway Valley, may
foster the development of numerous sub;basins which are
superposed on the regional system. 1In addition,
st;atigraphic variability such as the presence of a highly

permeable unit interfingered with more clayey (less

3
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permeable) units alters conditions that would ncrmally be
predicted in a more homogeneous system. For example, a
permeable lens may affect the gegional ground water flow by
acting as a conduit, transmitting water to a principal
discharge area and thereby altering the position of ‘an
anticipated recharge area. Also, the volume of water
flowing to and from a local system to therregionalzsfstemi
might inadvertantly be determined or affeotedgby the
presence of an unknown permeable lens. A
Other variables, besides heterogeneitY1 that affect a
system include the number of permeable and non-permeable
units, the relative position of these layers, the geometry
and lateral extent of the various strata, the existing
boundary conditions, the ratio of depth to lateral extent of
the basin, and the topographic relief. The interaction of

these geological variables with the hydrology results in the

the systemn.

Since it is apparent that many factors contribute to
the configuration of the steady-state groundwater flow
patterns of a basin, identifying the flow patterns of each
of the components and documenting the existence of each sub-

(]

system is a pre-requisite and was paramount to this

hydrogeological study. Determining the dynamic interaction

of the local, intermediate, and regional flow patterns on

the absolute flow regime of a basin is also crucial to a

A
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.hydrogeological study of this type (Toth, 1963; Freeze and
Witherspoon, 1967). |

This study was divided into two phases. The first phase
involved the construction of a cpnceptual model.

Acquisition of data that accuratély depictSfthe geOloqy and
hydrology is critical to the formulagion of any
hydrogeological model. The second phase of the study was
the conversion of the conceptual model into data sets that
represent the physical system. These data sets were used to
initialize the conditions for a digital or computer model
that simulates groundwater flow.

Selection of the appropriate computer model is usually
based upon both economic considerations and applicability to
the study area. In this case, a model capable of handling
surface water-groundwater interactions was required. During
the calibration of the computer model initial assumptions
and observations are tested, and adjustments are
incorporated into both the conceptual and the computer
=m0dei, ‘Ultimateiy, calibration of the computer model allows
the groundwater fléwAsystem that exists in the 'real'!
physical world to be simulated. The strength of the model
is reflected by its accuracy in determining actual or
predicted behavior of the stream-aquifer system when tested
under different sets of conditions.

The groundwater and surface water hydrologic data béSé”

for the portion of the Rockaway Valley in which the study




'was'conducted is scanty. Therefore, much extrapolation and
interpolation of the existing data base was necessary in
order to fill in data gaps. A primary goal of this study
has been to identify unknowns and problem areas

and to construct the framework essential to the thorough
description of the hydrogeological system. Although
calibration of the model has been limited by the sparse
data, the model can be used to acquire further insight into

the hydrogeological system of the Rockaway Valley.

2.2 Sources of Information
instrumental in providing information pertaining to the
geology.of the Rockaway Valley. Stanford's report The

surficial Geology of the Boonton Quadrangle (Stanford, 1985)

was invaluable in the development of the conceptual
hydrogeological model. It includes descriptions of the
thickness and physical nature of the various glacial
juxtaposition of the individual units contained therein.
Well logs, a bedrock map, and preliminary data from seismic
profiles were alQO'provided by the NJGS.

Streamflow measurements and concurrent water level data
were supplied by the United States Geological Survey (USGS) ,
Trenton Office. These data proved to be essential to the

calibration of the computer model. Water level data.f:pm,

‘Q.ﬁ




selected wells, with a brief synopsis of each well's history
including its original yield, was also supplied by the USGS.
A preliminary water budéet for the Upper Rockaway Valley
Drainage B;;;;\was also made available.

Pumpinékgchedules from public wells in the study area
that withdraw a significant amount of water from the
underlying aquifers were made available by the appropriate

water Authorities. These include the Denville, Boonton,

Mountain Lakes, and Parsipanny Troy Hills Municipalities.
\

2.3 Location

The study area is located in northeastern New Jersey
(See Figure 1). It includes sections of Denville, Boonton,
Mountain Lakes, and Parsippany Troy Hills townships and is
1oca£ed in northeastern Morris County. The study area lies
almost completely within the Boonton 7.5 minute éuadrangle
with the exception of the south-southwest corner of the
study area where it extends slightly into the Dover 7.5
minute Quadrangle. Precambrian bedrock ridges, from 183
(600 feet) to 244 meters (800 feet) in elevation, delineate
the natural surface water divide of this sub-basin of the
Rockaway River basin and were chosen as the northeast-
southwest boundaries of the‘z;udy area. The other

boundaries to the study area were determined by the

availability of data. Within practical limits, boundaries

to the study area were chosen in accordance with natural
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drainage patterns. The Rockaway Drainage Basin is part of
the more extensive Passaic Drainage Basin and is one of the

primary tributaries to the Passaic River.

2.4 Physical Geography

Most of the Rockaway Valley lies within the New Jersey
Highlands, one of many physiographic provinces of New Jersey
(9igure~2)@ The New Jersey Highlands are situat~d between
the folded and faulted, Paleozoic strata of the Kittatiny
Valley to the northwest and the bounding fault of the
moderately dipping Triassic and Jurasic rocks of the
Piedmont Lowlands tofthE‘southeast. The Green Pond Fault
and the Ramapo Fault are aligned parallel to the general
structural trend, and, in effect, structurally isolate the
block of Precambrian metasedimentary to igneous rocks. \*S

These Precambrian rocks of the New Jersey Highlands
consist of northeast-southwest trending ridges which are
separated by deep narrow valleys commonly underlain by
Paleozoic sedimentary and metasedimentary rocks lying 61
(200 feet) to 91 meters (300 feet) below the ridge-erests.
The structural and lithologic character of the bedrock and
subsequent stream erosion have worked together to influence
the existing relief (Sims,1958). Locally, glacial processes
have reshaped the original landforms. Hummocky topography
with occasional depressions reflects the impgét that

glaciatian:hashhad on the geomorphology of the study area.

9
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The majority of the river valleys within the Hi‘ghlands
parallel the northeast-southwest trending structures. L
Exceptions to this inelude segments of the Rockaway River.
For example, near Boonton, New Jefsey, the river has cut a
transverse valley through the resistant crystalline ridge
resulting in an abrupt change in its course and causing the
river to flow nearly perpendicular to the general structura1
trend. Such anomalies in the surface drainage patterns are
the result of several inter-related processes (Davis and
Wood, 1890). The combined effects.of glacial proCesses‘and.

tectonic activity have worked together in altering pre-

existing drainage patterns.

2.5 Climate

New Jersey's climate is classified as continental which
means temperatures fluctuate considerably from the summer to
winter months. Daily'temperatures.and-day‘téaday'
temperatures also vary considerably.: For example in
January, the average temperature reported by northern New
LJersey~statiOnS~iSz-10C (BQQF) and for July it is 23%
(740F), Table 1 lists the monthly average temperatures and
the annual average temperatures in Northern New Jersey for
the period of record from 1931 to 1980. The average for
each month for the entire 49 years is included in Table 1.
Temperature variations directly affect the amount of water

evaporated back into the atmosphere and the length of the

11
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Table 1 Northern New Jersey average temperature, in °F

(table from Halasi-Kun, 1981).

Yr Jan. Feb. Har. Apr. Hay June July Aug. Sept. Oct. Nov. Dec. Annual
1831 28.8 31.9 3B8.8B 49.4 E60.%4 63.2 76.0 72.B 638.6 57.% 49.3 37.6 83.5
1932 40.7 34.1 35.8 47.6 60.8 68B.8 73.3 73.1 6B£5.3 S55.% 40.%4 34.6 52.5
1833 37.0 3.8 37.0 S0.1 62.S 70.6 73.3 72.5 67.0 S2.7 33.2 30.3 s2.0
1834 32.1 17.6 35.8 48.1 62.2 72.0 75.% 6B63.4 B6.5 51.7 46.8 27.8 50.8
193S 26.S 28.7 41.6 48.4 57.2 6B.5 75.7 71.B G62.2 5%.1 6.8 2£27.8 S0.8
1936 5.7 23.1 44.2 47.2 E2.8B B8B.6 7¢.3 73.B. 66.1 54%.2 33.6 36.0N 51.3
1837 37.3 23.1 44.2 47.2 62.8 68.6 74.3 74.7 62.8 52.3 42.5 31.8 S2.0
1838 ¢23.0 33.9 42.2 S2.3 S88.8B 68.3 74.1 75.0 62.3 55.6 44.3 32.7 se.5
1833 29.% 34.5 37.8 47.0 B83.0 70.3 73.0 7.5 65.3 53.7 40.6 3:.8 51.8
1840 21.6 30.S 32.B “#4.9 53.3 67.5 73.2 6B.2 62.3 47.% uH2.2 34.8 48.7
1341 27.5 eB.4 33.2 S5.6 61.8 69.1 73.4 70.0 B6.1 S57.% 45.7 35.6 Se.0
1842 27.2 £8.3 4“41.2 S2.8 B3.5 6B8.8 73.6 70.5 64.8 54.7 43.3 28.3 S1.4
1943 28.%4 30.B 37.6 4.6 B1.2 73.5 73.8 72.£ 64.0 S2.% 40.8 28.0 S0.7
is¥4 30.9 30.5 35.5 46.8 B65.0 B63.8 75.2 74.1 65.8 S52.% 42.6 - 8.0 S1.S5
1845 22.3 30.6 4B.B S4.0 57.6 68.8 72.7 70.6 6B.1 52.8 %4.3 27.6 S1.5
1846 30.8 30.1 47.2 48.3 S8.7 67.6 72.8 68B.2 B6.5 S57.8 %46.8 34.6 S2.6
1947 34.4% 27.3 35.7 49.4 838.1 66.7 73.0 7.1 65.9 53.1 410.8 30.8 51.4
1848 22.1 27.2 40.5 50.2 59.2 68.0 74.2 72.B 6£5.9 S2.8 48.7 33.8 81.3
1843 36.1 36.5 41.5 51.3 B0.9 71.8 77.4 74.0 B3.1 S38.3 42.5 35.6 S4.2
1850 3B.3 239.7 35.1 7.3 SB.3 68.0 72.2 70.7 61.9 S5B.5 45.1 30.7 51.2
1851 32.8 33.4 40.2 S0.6 6K1.1" 6B8.0 73.3 71.2 64.3 55,8 38.5 34.3 52.0
1852 33.4 33.6 38.2 S2.6 57.9 70.9 76.2 71.6 65.1 50.7 44.0 35.1 S2.4
1853 3%.2 '36.0 1.4 50.0 62.1 70.1 74.0 71.5 B66.0 55.8 4t.2 37.1 S3.5
i9s4 27.2 37.0 3.9 Ss2.1 §57.3 68.3 72.8 70.3 6B4.2 58.9 4%2.0 33.0 51.8
1855 g28.2 31.% =28.8 S2.7 63.1 66.89 78.8 76.1 6.3 56.5 42.3 27.4 s2.3
1956 30.% 34.0 35.2 46.6 S7.7 638.8 70.8 71.2 62.2 S4.6 3.8 37.6 51.2
1857 25.3 3%.%4 38.3 51.7 60.% 71.9 73.3 639.5 6B65.89 S2.0 45.3 36.4 Se.l
1958 28.B 25.2 38.1 51.1 57.0 64.6 7¢.2 71.7 64.1 52.0 44.3 @25.6 4g.7
1953 28.5 29.1 38.0 51.9 63.%4 69.4 74.2 74.1 68.2 56.9 42.89 341.6 S2.6
1860 31.0 33.9 30.5 53.4 S9.5 68.5 71.3 71.9 B64.5 53.1 -44.8 25.3 S0.6
1861 21.8 31.5 38.8 46.1 S7.4 68.9 73.6 72.1 70.8 S6.0 #t.8 31.1 S1.1
1862 28.0 27.% 38.6 50.% 61.6 69.8 70.6 70.1 61.0 S4.0 33.8 27.8 49.9
1863 25.3 23.0 39.2 50.0 57.9 68.2 73.3 69.4 60.5 57.5 47.1 @26.% 3.8
1864 29.9 28.3 39.B 47.4 61.9 67.1 73.5 63.2 65.3 51.1 '45.% 32.2 S0.9
1965 25.2 239.1 36.4 46.7 B4.0 67.8 71.4 71.89 B5.5 51.0 41.7 34.2 S0.3
1966 27.3 29.4 33.3 45.6 S6.2 69.8B 75.2 72.6 62.2 51.3 4%t.4 32.1 50.4%
1867 32.3 25.5 34.3 48.2 S2.3 70.1 72.1 70.2 62.2 52.3 38.6 33.7 $3.3
1868 e2.6 26.3 40.5 51.9 S6.5 66.7 73.9 72.2 66.0 55.8 42.6 239.3 S0.4
1868 27.1 @23.7 36.3 S51.8 60.4 69.5 7i.2 72.7 64.8 52.5 2.1 23.4% S0.6
1870 20.8 29.1 35.0 48.3 60.8 67.2 73.8 73.0 B6.4 55.0 4.6 31.7 S0.5
1971 23.8 30.0 36.9 47.3 S56.6 69.6 72.3 70.7 67.3 S8B.7 41.5 37.0 51.0
1872 31.0 26.9 36.4 46.0 53.9 65.1 74.0 70.8 65.5 439.0 40.2 35.0 S0.0
1873 32.1 29.3 44.2 S0.8 S56.7 71.5 74.1 74.0 65.%4 55.6 4.8 35.6 S2.8
1974 31.1 @28.5 38.7 S2.0 SB.7 66.0 73.2 72.1 63.% $9.3 43.8 35.2 51.1
1975 32.7 32.0 36.8 4¢.4 62.9 68.6 73.0 71.7 BO0.6 S6.6 4B.3 33.1 51.7
1876 2'%t.1 35.1 41.7 S2.2 SB.2 7i.0 71.1 70.7 62.1 49.1 37.% 26.1 $3.9 J
1877 18.3 @23.7 43.5 S5i.2 62.0 66.2 73.5 71.0 6B4.8B 51.3 4.7 30.3 S0.5 "
1978 25.0 21.5 35.2 47.9 S57.4 67.% 70.7 72.%4 61.9 51.6 43.6 33.4 $3.0
1979 23.0 19.8 41.9 4B.7? 60.5 65.6 71.8 74.% B63.7 52.0 46.7 31.6 50.5
isB0 29.% 26.5 36.4 S0.5 61.B B5.9 74%.7 74.%4 66.8 S50.7 33.6 27.4% 50.3
AVE., P29.5 £9.7 38.6 49.5 S9.9 6B.B 73.5 71.9 6B4.B 53.9 43.3 3a.2 S%.2
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growing season. Both of these factors, in turn; affect the.
water budget of an area. The series of three contoured maps
in Figure 3 illustrate the duration of the growing season.
Precipitation is also a very important climatic faétor
to consider. Table 2 lists the averagé annual precipitation
and the monthly average' precipitation for northern New
Jersey from 1931 to 1980. Included in this Table are the
average monthly and the annual precipitation for the 49

years of record.




At

Dates of Start of Season

Figure 3 Maps depicting the start, end, and length of the

Growing Season Period in New Jersey

(period in which temperatures average 43F°, or fnon)
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Length of Growing Season

growing seasons for counties in New Jersey.
taken from Robichaud and Buell, 1973.
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3.0 GEOLOGY

Basic?lly,‘the-study area consists of two contrasting
geological environments: unconsolidated Pleistocene to
Holocene valley fill deposits and foliated Precambrian
crystalline rocks comprising the surrounding flat-topped

ridges. !

3.1 Precambrian Geology

The Precambrian rocks of the New Jersey Highlands had
.originally been mapped as belonging to one of the three
following formations- Byram Gneliss, Losee Gneiss, and the
Pochuck Gneiss. The Byram Gneiss Formation is described as
a gray granitoid gneiss composed of micrecline,
microperthite, quartz, hornblende or pyroxene with
occasional mica. The Losee Gneiss is a white granitoid
gneiss composed of oligoclase and quartz. Orthoclase,
pyroxene, hornblende, and biotite may be present in varying
but generally minor amounts. The Pochuck Gneiss is a dark
ﬁgranularrgneiss composed of pyroxene, hornblende,
:oligoclase, and magnetite. However, according to Sims
(1958) , the gneisses grade into each -other through
intermediate rock types, making the distinction between each
of the formations somewhat arbitrary. Therefore, he

redefined the classification of these rocks by using

I
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mineralogical adjectives instead of separa&igg them into one
of the three previously accepted formations; \\\\///

It is these northeast-southwest striking gneissic rocks
dipping steeply to the southeast that make up the resistant
bedrock ridges characteristic of the New Jersey Highland.
The steep ridges and narrow valleys parallel the 'n'Ortheasf‘
trending isoclinal to open folds of the area. The axes of
the folds generally plunge northeast at shallow to moderate
angles.

The Precambrian rocks have a well developed foliation.
‘The.foliatian“was;produced by the dimensional orientation of
platy and tabular minerals and by the parallelism of the
relict sedimentary layering (Sims,1958). In additioq,“many
of the rocks are marked by a lineation, parallel to the fold
axes.

Hydrogeologically, the most significant characteristic
of these crystalline rocks is the fracture pattern imprinted
on them by later brittle deformation. Faulting, jointing,
and related fracturing has inéreaséd the potential of
otherwise relatively impermeable rocks to store and transmit

water.

3.1.1 Fault Geometries
Figure 4 illustrates the locations and trends of faults
that:méY*exist in the area. These were extracted from the

most recent and the most structurally detailed geologic maps

v
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of the Boonton Quadrangle. The Mount Hope Fault strikes

N 78° W and has an average dip of 60° SW. This high angle
normal fault has a horizontal separation of about 91 meters
(300 feet). From exposures in mines, it can be seen that
there is little difference in its attitude and displacement
between the surface and a depth of 640 meters (100 feet),
(Sims, 1958). Also, exposures of the fault in mine workings
indicate that there is a 6 (20 feet) to 9 meter (30 feet)
wide brecciated and fragmented zone. Most of the
dislocation surfaces are marked by gouge zones that range in
width from 5.1 centimeters (6 inches) to 60.9 centimeters
,(2 feet) and are marked by abundant secondary chlorite.
According to Sims (1958), "Water circulates through the
zone; when first intersected on any level the flow is
several hundred gallons per minute, but after the fault is
tapped at a lower level, the flow abruptly diminishes." The
most eastern segment of the Mount Hope Fault on Sims'
Geological Map of the Dover Magnetite District Morris
County, New Jersey, (1958) is shown in Figure 4. It appears
that the fault extends into the northern corner o6f the study
area. Here the fault surface is obscured by the glacial
valley'fill deposits. Since-this-geologicalmap terminates
at the Denville Anticline which is the northwest bordering

ridge of the hydrogeologic study, it is uncertain how far

east into the study area the fault may extend. The




hydrologic significance of this fault is discussed in
Section 12.0.

In addition to the Mount Hope Fault there are three
other prominent faults in close proximity to the study area.
smith (1958) presents a very general geological map of the
Precambrian Geology of Central and Northern New Jersey
Highlands which includes the Boonton Quadrangle. According
to this map two obliquely intersecting faults lie within the
Boonton Quadrangle. The projection of these proposed faults
is shown on the structural map of the study area (Figure 4).
Anomalous patterns in the topography were used as guidelines
to determine the locations of faults within and adjacent to
the study area.

Finally, the extreéeme northeastern corner of the study
area is bounded by the Ramapo Fault. Here, the Rockaway
River, about one half mile upstream from the Boonton
;Reservoi;,‘turns abruptly and flows approximately parallel
to the northeaSt—southwest'trending fault. The fault marks
the juxtaposition of Precambrian basement rock with
Jurassic(Triassic?) sedimentary rocks of the Newark Group.
This geological feéture is generally referred to as the

'Highland Escarpment'.

3.1.2 Joint Patterns

Rocks of the New Jersey Highlands contain three

principal joint sets which are observed in nearly every rock
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exposure (Sims, 1958). The jointing patterns are glassified
as transverse, longitudinal, and diagonal. The transverse
joint sets are the most abﬁﬁdant and pervasive. They
exhibit two maxima of N 35° W and N 50° W; both display dips
of nearly 90 0 . Spacing of the transverse joints ranges
from a few inches to several feet. The joints are evenly
spaced in a single outcrop. Exposures in mines éuggest that
transverse joints exist as deep as 1,000 feet beneath the
surface. Longitudinal joints are second in abundance and
generally have smooth plane surfaces with highly variable.
spacing. These joint sets are oriented nearly parallel to
the fold axes with a strike of N 45° E. They are inclined
to the northwest with an average dip of 45°. Lastly, the
diagonal joints are steep fractures which trend slightly

east of north.

3.2 Pleistocene and Holocene Geology
The unconsolidated deposits of Pleistocene anfl Holocene
Age consist of gravel, sand, and clay sediments in various
proportions. These sediments are of glacial, glaciofluvial,
fluvial, and lacustrine origin (Meisler,1976). 1The-deposits
direCtlyoVerlie the crystalline Precambrian bedrock and
have filled in previously existing strégm,valleys. The
areal extent, thickness, and spatial configuration of these

deposits were of primary importance to this stﬁdy since
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these'materials are the major groundwater producers of the
area (Meisler, 1976; Canace et al., 1983).

Knowledge of the physical nature and the delineation
of the valley fill deposits into stratigraphic units is
necessary in order to understand the hydrogeology of the
study area. However, it is not the author's intent, nor the
purpose of this investigation to discuss the glacial history
of the Rockaway Valley. For a more detailed and highly

enlightening discussion of the subdivision of the

unconsolidated deposits into stratigraphic units, the reader

is referred to Stanford's report on the Surficial Geology of

the Boonton Quadrangle (Stanford, 1985).

Traditionally, deposits of glacial origin have been

sub-divided into stratified drift and till. Stratified

drift encompasses all materials deposited by flowing water

emanating from the glacier; In the Rockaway Valley, these
sorted and layered depbsitSfinclude valley fill materials of
outwash sands and gravels, and lacustrine fine sands. Tills
dfﬂnonstratified drift consist of heterogeneous mixtures of
boulders, éravels, sands, and clays. In the Rockaway
Valley, the Wisconsinian Terminal Moraine comprises the
primary deposits of this nature,'although there are mapped
@epésits of other tills, including mixtures of ground
moraine and colluvium. Figqure 5, a surficial map of the

area, shows the areal distribution of the unconsolidated




AN
c CORRELATION OF MAP UNITS
5
| 2 af |afm s
| g 3
! Ol', v 2 J I
Q"! & Qo - N
°S||
N c
(N £
Qml ?2 L
o Z
Q.h.[. =5 O § 8
2 | lanloblor loshl [aled & & ip O
o Qlp - 3l wu
> W
ald Qldib, = -
Qldib,
Qid, ‘
)£
Qplwg Qplwt }§J
;
Figure 5 Surficial Geology of the study area

(Geology by Stanford, 1985).




Pleistocene to Holocene sediments as well as outcrops of
Precambrian bedrock.

The stratified ‘deposits in the area have Efen further
subdivided by Stanford (1985) on the basis of depositional
environments, which indirectly reflect their relative
properties and stratigraphic position with reépect to one
another. For example, the classifications of outwash
- deposits and of lacustrine deposits indirectly relate to the
respective compositions and physical characteristics of
these stratified materials. The classification also
reflects orderly depositional processes that imply a certain
geometry and position in the stratigraphic column. The
generalized cross sections in figures 6,7, and 8 and the
accompanying geological key (see Appendix A) summarizes the:
stratigraphic subdivisions of both the stratified and non-
stratified drift deposits and serves to demonstrate the
spacial configuration of each deposit. The significance of

this classification is apparent when the relationship

between the mode of deposition, i.e., by glacial melt water ’
or by the glacier itself is coupled with the resulting
physical nature of the respective deposits. In other words,
there is a direct relationship between the hydrogeological
properties of a deposit and its depositional history. Of
course, the rock from'which these deposits were defived also
plays a role in the degree of permeability that the
sediments will have. For exémple, the greater the
24 “ ;
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percentage of clay minerals in the matrix of the source rock
the less permeable the sediments will be.

The thickness of the valley fill materials varies
considerably from place to piace (Figure 9). Nonuniform
f%hickness is a result of several dynamic processes that
shaped the Pleistocene environment. Erosional activity
responsible for the deep scouring of channels by the pre-
glacial Rockaway River drainage system produced convenient
paths along which lobes of the glacier could travel and
continue downcutting. These deepened troughs were then
available for subsequent deposition of unconsolidated
materials. Climatic influences helped to dictate the
maximum advance of the glacier-during Wisconsinan times.
This in turn resulted in the deposition of thick layers of
materials within the main pre-glacial channel of the
Rockaway River and produced the thick sediment pile at the
teﬁminus of the glacier, which comprises the Wisconsinan
Terminal Moraine. Lastly, the transporting potential of the
glacier and its meltwaters determined the volume, character,
and assorted sediment sizes characteristic of these
Pleistocene deposits thus leaving behind a lasting imprint
of the complex and highly energetic glacial and peri-glacial

environment.
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As previously mentioned, the pre-glacial Rockaway
River, southeast of Denville, flowed within a valley
trending nearly transverse to the regional trend of the
Highland Escarpment. It is within this pre-glacial valley
that the maximum‘thickness of glacial sediments accumulated.
Modification of flow patterns became necessary asic; and
sediment blocked off the existing route of the river. The
development of -the pro-glacial drainage system coupled with
the infilling of parts of the pre-glacial river valley has
resulted'in-an;integrated;netWGrkpof’buried tributary
valleys which coalesce at the pre-glacial Rockaway River

c¢hannel (Canace, et al.,b1983; Geonics, 1979 ).
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4.0 HYDROGEOLOGY
Converting the stratigraphic column of unconsolidated

sediments into hydrogeological units that are both
representative of the actual geology yetmoré manageable in
the development of a numerical model required an involved
hierarchical and systematic approach. The first step toward
the separation of the thick sequence of unconsolidated
materials into hydrogeological layers included an analysis
of the literature coritaining documentation of water bearing
properties of the glacially derived sediments. The most
applicable information obtained indicated, as one would
expect, that stratified deposits are the most likely
candidates for groundwater exploitation. The wide range of
hydraulic conductivity and porosity of glacial materials is
demonstrated in Tables 3 and 4, respectively. In addition,
determination of how and to what extent the geometrical
configuration of the various geologic layers influences the
groundwater flow patterns was also necessary before a
decision as to how the various layers should be grouped into
workable hydrogeological units could be made.

Knowledge of the way in which the sediments were
deposited allows inferences to be made as to the grain size,
degree of sorting, and other properties of the material.
This in turn provides insight into the ability of the
sediments to store and to transmit fluids. Therefore, an

integrated analysis of the depositional mode and of the
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Table 3

R4

Porosity Ranges for Unconsolidated Sediments
Material T n(%)
Well sorted sand or gravel 25-50
Sand and gravel, mixed 20-35
Glacial till 10-20
Silt 35-50
Clay 33-60
Representative Values of Porosity
Material n(%)
Sravel coarse Enamasne o
Gravel, medium 32
Gravel, fine 34
Sand, coarse 39
Sand, medium | 39
Sand, fine 43
Silt 46
Clay 42
Till (predominantly silt) 34
Till (predominantly sand) 31
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TABLE 4

Rangés of Hydraulic Conductivity for Uneonsolidated Sediments
(after Fetter, 1980)

Material Conductivity (m/d) °
Clay 10-6 - 10-3 N
Silt, sandy silts,
clayey sands, till 1073 - 107!
Silty sands, fine sands - 1072 - 10
Well-Sorted sands,
Glacial outwash 1 - 102
Well-sorted gravel " 10 - 103

Representative Values of Hydraulic Conductivity
(afer Todd, 1980)

Material Conductivity Type of Measurement*
Gravel, coarse 150 R
Gravel, medium 270 R
Gravel, fine 450 R
Sand, coarse . 45 R
Sand, medium 12 R
Sand, fine 2.5 R
Silt - 0.08 H
Clay 0.0002 H
Till,

predominantly sand 0.49 R
Till,

predominantly gravel 30 R

* H is horizontal hydraulic conductivity, R is a repacked sample
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calculated aquifer parameters allows the subdivision of the
sequence of glacial deposits according to hydrogeological
properties. This subdivision can be markedly different than
a subdivision based soley on the recognition of geological
units. A quick study of the geologic cross-sections reveals
that there are numerous map units. However, in'
hydrogeological terms, and for modeling purposes, it is
commonly more practical and expedient to group those units
exhibiting;similar“hydrogeological'properties into a single
unit. Exactly how to regroup the unconsolidated deposits
into a few manageable, yet‘representativealayets is the
dilemma. The existence of at least a three layer, multi-
aquifer system is supported by 1975 pump test data conducted
at the Boonton well field by the Moretrench American
Eccrporation, However, the results strongly suggest that
such a three layer aquifer system may exist only in the
vicinity of the Boonton well field. The interfingering
nature of the various valley fill deposits toward and within
the main tributary (pre-glacial river channel) hints at the
complexity of the system and the task of reducing the
geological units to meaningful hydrogeclogical layers (see
figures 6, 7, and 8). Computer modeling was used as a tool
to help unravel the problem of how to regroup the
stratigraphic layers into more manageable but realistic
hydrostratigraphic units by testing different

hydrogeological configurations.
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Preliminary delineation of the u;its was necessary to
initialize the data sets for the first computer simulations.
Thus, the uppermost layer, a water table aquifer, with an
initial hydraulic conductivity estimated to be 3.05 X 107>
meters/sec (10'4 ft/sec), was chosen as layer 1. Within the
valley of the Rockaway River, at approximately 152 meters
(500 feet) in elevation, the hydraulic conductivity of the
sediments is slightly greater. Here the deposits are mainly
outwash materials consisting of pebble gravel and sand.
Toward the outer limit of the Terminal moraine and also
toward the bedrock ridges, the hydraulic conductivity cf the
sediments decreases. This is because nonstratified drift,
namely till, comprises the material of the water table
aquifer beyond this point. However, delineating the
boundaries of the water table aquifer is a rather
straightforward proceduée up to the point where it is
juxtaposed against the front of the Wisconsinian Terminal
Moraine. Here, the subdivision of a thick pile of glacial
till with interfingering stratified deposits into meaningful
hydrogeological units of similar hydrogeological pfoperties
is not obvious. The problem is complicated by a lack of
detailed information on the local ground water flow
patterns. Therefore, until more data is collected, the
discretization of the complex pile of unconsolidated
sediments along the terminal moraine and slightly beydnd

where till, lake bottom sediments and glaciofluvial sands
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and gravels interfinger is based mainly on hydraulic
conductivity. It is recognized that this initial gross
lumping of different strata, based mainly on scanty
hydraulic conductivity data, will have to be adjusted
either as new data become available or as calibration of the
model proves impossible because of these preliminary
assumptions.

Knowing that there is supporting evidence for the
existence of three layers, each of which exhibit contrasting
hydraulic conductivities, makes it appealing to readily
assume that this is the case throughout the study area.
However, fhe fact that the geological layers (or
stratigraphic units) believed to make up the valley fill
deposits do not coincide with a three aquifer system and the
fact that there is no supporting data for three separate
aquifers (there may be more or there may be less) existing
in the vicinity of the terminal moraine precludes such a
hasty conclusion. It appears that the fundamental
hydrogeological differenée between layer 2 and layer 3 in
the locality of the Boonton well field is that layer 2 is
much thicker and exhibits a greater variability in both
horizontal and vertical flow. Both aquifers are thought to
be confined, although it is quite possible that the layers
acting as confining units are not continuous. Also, the
pump test data indicate that the confining units are

actually quite permeable. This strongly implies that in
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céertain locations semi-confining conditions exist. Once
again, the validity of this initial assumption was tested

during model calibration.
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5.0 AQUIFER PARAMETERS

An aquifer or an aquifer systenm is described most
accurately by its characteristic parameters. Aquifer
pérameters include Transmissivity (T), Hydraulic
Conductivity (K), Leakance (Vcon), and Saturated
thickness(b). Representative values of these parameters for
each modeled layer are prerequisites for model calibration.

Values of T, K , Vcon,and b for this study were
determined from a combination of sources. These included
extrapolation of parameters from previous studies conducted
in similar valley fill aquifers (Meisler,1976; Canace et
al., 1981), extrapolation of specific capacity data obtained
from records of the first drilling of wells in the area, and
interpretation of existing well logs.

Table 5 lists the pertinent data extracted frém
previous studies that were used to help determine possible
values for some of the aquifer characteristics of the
Rockaway Valley aquifer system. The various ranges of
values indicates that, in general, valley filﬁ/aquifers are
heterogeneous. Included in Table 5 is a brief discussion of

the means by which the various data were obtained.

5.1 Determination of Tranmissivities
Very few. transmissivity values have been determined
from the analysis of pump tests and field investigations

conducted in the Rbckaway Valley. Therefore, estimates of
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Table 5 Selected Values of Transmissivity and Storativity from Previous
Studies in Glacial Valley Fill Environments

Source Transmissivity (mzld) Storativity/ Methodology
Tlow Thigh Tave. Specific Yield
ave.

Vecchiolo and
Nichols (1966) 1,198 3,985 2,592 No Data Analysis of pump

“ | test data from
Morris Co., NJ

Meisler (1976) 482 3,211 1,828 4x10°%/0.16 \\ Results of

’//féa;ibrated
- computer model

Moretrench

American- - 125 1,046 685 No .Data Analysis of pump-

Corp., ( deep aquifer ) down test s/t

1975 598 2,352 1,475 plots by Fhe.Jacob

(intermediate aquifer) Non-Equilibrium

Method

Tetra Tech,

Inc., 1978 36 2,389 566 No Data Based on the
relationships
K=2,000 Q/S(L)

- "and T = Kb

Canace and

others (1981) 210 1,817 721 2.6x10° Analysis of aquifer

ump test data by

methods developed

2 : by Pricket (1965),
Jacob (1963), Cooper

and Jacob, (1946),

Theis (1935),.and

Theim (1906)
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transmissivity had to be determined through the application
of the Theis equation to existing specific capacity data |

(Heath, 1983). Specific capacity is the pumping rate of the
well divided by the observed dréwdown (Q/s). Modifications

to the Theis equations result in the following equation:

(1) T =W(u) X 9

4T S
| where W(u) = the well function-éfﬁu.
(2) u=r?s / 4Tt
T = Transmissivity

S = Storage coefficient

Pumping rate

I

Drawdocwn

0]
I

t = Length of the pumping
period

r = effective radius of the
well

For convenience, W(u)/ 4 m can be expressed as a
constant. This is accomplished by calculating values for u
(equation 2). The initial estimate of u is obtained by
substituting representative values of S, T, r, t, determined
from field observations, into equation 2. Once a value of u
is determined then reference to a tabie of selected values

of W(u) that correspond to the réspective 1/u values

38




(Table 6) enables a constant for W(u)/ 4w to be used in
equation 1. Table 7 lists the calculated transmissivity
values and the layer to which the values correspond.
Transmissivities, calculated from previous studies in
similar valley fill environments were used as the initial

value of T in equation 1. A range of possible

transmissiQity values are calculated bésed onntﬁe highest
and lowest value of transmissivity determined from previous
investigations. The density of transmissivity values for
the area was limited by well records with specific capacityl
data. There was no systematic way to judge the validity of
the specific capacity data included in the well records,
therefore it was assumed that all values were applicable.
Calculated transmissivity values were plotted on the base
map and then contoured (Figure 10). This ailowed an
interpolation of transmissivity to be made where no dat
existed.

The use of the Theis equation to calculate
transmissivity is not without certain limitations.
Assumptions which accompany Theis typé solqﬁions include,
but are not limited to th;Dfollowing (Heath, 1983):

1. The Transmissivity of the aquifer tapped by the

pumping well is constant but values obtained are
only applicable within the confines of the

steady state cone of depression.

39




Table 6 Selected values of W(u) for values of 1/u
(from Heath, 1983).

Wu 10 769 588 500 400 333 28 25 222 200 167 143 1.25 1

10-' 0219 0.135 0.G75 0049 0025 0.013 0007 0.004 0002 0.001 0000 0.000 0000 0.000

1 1.82 1.59 1.36 1.22 1.04 9 .79 .70 .63 56 45 37 31 .26
10 4.04 3.78 3.51 3.35 314 296  2.81 268 257 247 230 2.15 2.03 1.92

102 6.33 6.07 580 5.64 5.42 5.23 508 4.95 483 4.73 454 439 426 4.14

oY

10? 863 837 8.10 7.94 7.72 7.53 7.38 7.25 7.13 7.02 684 . 6.69 6.55 6.44

10 1094 10.67 1041 10.24 10.02 984 9.68 955 943 933 914 899 886 8.74
10° 1324 1298 1271 1255 1232 1214 1199 1185 1173 1163 1145 11.29 11,16 11.04

10° 1554 1528 1501 14.85 1462 1444 1429 1415 1404 1393 1375 13.60 1346 13.34

1 1784 1758 1731 17.15 1693 1674 1659 1646 1634 1623 1605 1590 1576 15.65
10° 20.15 1988 19.62 1945 19.23 19.05 1889 1876 1864 1854 1835 1820 1807 17.95
10° 2245 22.19 2192 2176 2153 2135 2120 21.06 2094 2084 2066 20.50 20.37 20.25

100 2475 2449 2422 2406 2383 2365 2350 2336 2325 23.14 2296 2281 22.67 22.55

10" 27.05 2679 26.52 2636 26.14 2596 25.80 25.67 25.55 2544 2526 25.11 2497 24.86

10'2 2936 2009 28.83 20.66 28.44 2826 28.10 2797 27.85 27.75. 27.56 27.41 27.28 27.16
10'* 31.66 3140 31.13 3097 3074 30.56 3041 3027 30.15 3005 29.87 29.71 29.58 29.46

10 3396 3370 3343 3327 3305 3286 3271 3258 3246 3235 3217 3202 31.88 31.76

Examples: When 1y =10%10"", W(u)=0.219; when 1u=13.33%x10%, W(u)=5.23.




TABLE 7

Estimates of Transmissivity obtained from Specific Capacity Values
and Transmissivity Data from Previous Investigations and Modification
of the Theis Equation

Units from which Specific Capacity Transmissivity (mzld)
Data was obtained Thigh T 0w
Shallow till (Well W-4, Q/s = 20 m2/d) 23 20
Shallow stratified drift

(Well ‘B-3, Q/s = 268 m2/d) 305 275

(Wells B-1 and B-2, Q/s = 536 m?/d) 616 546
Intermediate sand and gravel

(Well B-6) Q/s = 2,682 m?/d) 3,957 3,612
Deep sand and gravel

(Well D-8, Q/s = 116~m2/d) 172 157

(Wells B-4 and B-5, Q/s = 322 m/d) 474 433
Deep till

(Well D-5, Q/s = 125 m2/d) 185 169

(Well D-7, Q/s = 27 m2/d) 41 37

(Well W-11, Q/s = 200 m/d) | 295 270
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Figure 10 Preliminary transmissivity contour map of the
lower aquifer layer in the study area.
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5. Water withdrawn from the aquifer is derived
entirely from storage and is discharged

instantaneously with a corresponding decline in

head.

3. The discharging well penetrates. the entire o
+hickness of the aquifer and its diameter is
extremely small in comparison with the pumping

rate, so that storage in the well is negligible.

5.2 Determination of Saturated Thickness and Hydraulic

Conductivity

An isopach map of the entire sequence of unconsolidéted
deposits is shown in Figure 9. This map was constructed
from an unpublished bedrock topography map (Stanford, 1985)
and the Boonton 7.5 minute quadrangle map. The difference
between the intersection of a surface elevation contour and
a bedrock elevation contour was used to determine the total
thickness of the unconsolidatéd materials at that point.
All calculated points and control points (actual thickness
determined from wells that havé achieved bedrock) were
subsequently contoured.

\Isopach maps depicting the thickness of each of the
stratigraphic layers were constructed from geological cross-
sections (Stanford,1985),6 and dafa from,wellulogs. Hydraulic

conductivity values for each of the layers were calculated
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once the best estimates of the thickness of each unit at
selected localities was determined. However, for this
particular study, the model required a hydraulic

conductivity map for only the top unconfined aquifer. The
‘equation K = T/b is the basis of the calculations used to
construct the necessary hydraulic conductivity map. In this
case, g-is the Saturated thickness of ﬁhe water-table -
aquifer. The actual saturated thickness of the water table
aquifer was not known but it was assumed that the saturated
thickness was only slightly less than that of the entire
water table aquifer thickness. This assumption seems
reasanable because the water table in the Rockaway Valley is
close to the surface and the thickness of the unsaturated
zone (the difference between the saturated and the entire
thickness) is negligible relative to the total thickness.
The saturated thickness of the water table aquifer was
determined by superimposing the water level contour map over
the water table aquifer isopach map. The transmissivity
values calculated as outlined'in the previous section were
the transmissivities used in the solution of the hydraulic
conductivity equation. Calculated hydraulic conductivity

values were subsequently contoured (Figure 11).

5.3 Determination of Leakance

Determination of the Leakance factors that

acéurately quantify the flux of water from one.
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glaciostratigraphic unit to the next is not possible from
the existing data base. However, the identification of
feasible hydrologic relationships between the various ﬁnits
allows qualification of possible leakage occurring between
hydrostratigraphic units in the Rockaway Valley multi-
aquifer system. Validity of these qualified estimates can
be tested by means of the behavior of the model.

According to tests conducted by the Moretrench American
Corporation (MTA) at Boonton's well field, there is
significant vertical leakage between the various aquifer
strata. A pump-down test was conducted at the well field on
wells 5 and 6. Well 6 is the only one from the well field
which taps the intermediate unit. The intermediate aquifer
is believed to be the most productive aquifer in the multi-
aquifer system. s/t (drawdown over time) plots-and modified
s/r (drawdown over distance) plots were constructed by MTA
for eleven observation wells. According to MTA:

After five days of pumping a state of equilibrium
had not been achieved and drawdowns continued to

increase with time. A comparison of drawdown in
three observation wells at approX1mately
equivalent radius, with sensing elements in the
shallow, intermediate, and deep aquifer strata
indicates that the greatest drawdown occured in
the intermediate aquifer. Vertical gradients were
established between the deep and intermediate,
.and the shallow and intermediate aquifers.

Pumping at 200 gpm caused recharge water to move
from the deep and shallow into the intermediate
aquifer stratum. However, in view of the relatlvely
large thickness of the intermediate aquifer it is
likely that the principal direction of recharge
water is horizontal. Drawdowns in the shallow
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aquifer stratum were not as great as those in the
intermediate stratum but indicated a fair degree of
vertical communication between these two strata
(Moretrench American Corporation,1975).

MTA did not quantify the amount of leakage occuring
between the different layers. It appears that MTA is
suggesting that both of the-éonfining units are sufficiently
permeable to transmit water from the overlying and
underlying aquifers into the intermediate aquifer. Another
possibility is that the source of recharge is the release of
water from storage in the confining beds. Either
interpretation implies the existence of semiconfining
conditions in the intermediate aquifer and possibly in the
deep aquifer. Unfortunately, the copy of the MTA report\e
available to the author did not include any of the distance-
drawdown plots or the data used to construct such plots.
Therefore, the resultant plots from the Boonton well field
test could not be compared to the family of type curves
which reflect the m&gy various leaky artesian conditions
that may exist. It is important to note that the well field
is in close proximity to the river and that this recharge
boundary must have some impact on the results of any aéuifer

tests if the pump test is conducted over a long enough

period of time.
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Since model calibration was conducted under bnly steady

state conditions determination of storativity values for the

hydrostratigraphic units was not necessary.




6.0 SURFACE AND GROUNDWATER HYDROLOGY

6.1 Drainage Basin Characteristics

The Rockaway River lies within the iarger, Passaic
Drainage basin. The Passaic River Basin is a 90 kilometer
(56-miles) long by 42 kilometers (26 miles) wide watershed
with an areéfof 2,422 square kilometers (935 square miles).
About 15.5 % of the Passaic River Basin is occupied by the
Rockaway watershed. The Rockaway DrainagemBasin_is:BSI
_square kilometers (135.7 square miles) with 300 square
kilometers (116 square miles) comprising the Upper Rockaway
and 51 square kilometers (19.7 square miles) comprising the
Lower Rockaway Basin. The Rockaway River, with its
headwaters originating'invthe Highlands region, is one of
the major tributaries to the Passiac River. Within the New
Jersey Highlands, thé;streamvgradient~is,extremely high ,
ranging from 1:3 to 1:100, and the course of the river
generally follows the northeast-southwest trending ridges of
the Highlands (Summers.etfalf, 1978) . Narrow stream valleys
with steeply dipping valley walls are the general rule.
Streamflow is .to the southwest in the northern reaches of
the drainage basin and to the northeast in the southern
reaches. The study area liQS-within the Upper Rockaway
Drainage Basin and covers approximately 30 square kilometers
(11.5 square miles). The Rockaway River, where it cuts

transverse to the bedrock ridges and dissects the
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Wisconsinan Terminal Moraine in Denville to the outlet of
the river into the Boonton Reservoir, is a total of 13
kilometers (eight miles) long. The channel gradient is
about 2.5 meters per kilometer (13 feet per mile) along its
entire flow path within the study area but steepens abruptly
from the town of Boonton to the Boonton ReserV01r, and
achieves a méx1mum gradient just upstream from the Ramapo
Fault, with a channel slope of approximately 133 meters per
kilometer (700 feet per mile). The USGS maintains a stream
gaging station 2.9 kilometers (1.8 miles) upstream from the
Boonton Reservoir. The average discharge, calculated from
45 years of record.(1937-19825,;is 6.4 cubic meters per
second (228 cubic feet per second), with extremes of a
maximum discharge of 158 cubic meters per second (5,590
cfs), on April 5,1984 and a minimum discharge of 0.28 cubic
meters per second (10 cfs) on August 10, 1966 (Bauersfeld
et al., 1982).

The Rockaway Watershed islstippledgwith,numerous lakes,
ponds, and reservoirs. Within the study area 5.2 perceptzof
land is occupied by surface water bodies. However, locally
the primary source of potable water is from ground-water

reservoirs.

6.2 Stream-Aquifer Interaction
The flow dynamics between the river and the underlying

aquifer is best determined by seepage runs which are
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determined from the analysis of stream discharge
measurements taken at selected intervals along reaches of
the river. Figure 12 shows the location of the USGS stream-
gaging stations, the distance between each measuring site,
and the number assigned by the USGS to each station. Table
8 lists the discharge for each location and the date on
which the data were collected. There are three separate
sets of seepage runs that were conducted by the USGS and
another set of discharge measurements collected by personnel
from Tetra Tech, Inc., (Summers et al., 1978). Comparison
of the total net flux of water from fstation‘BOB;(Tetra
Tech's station 4) to station 68 (Tetra Tech's station 53,
approximately 13 kilometers (8 miles) downstream, indicates
that there is a significant fluctuation in streamflow among
the various sampling dates. ‘Some of the disparity in the
1977 data ;resented?in the.repQrt,bY*TetrafTech, Inc. is
due, according toithe report, to differences in irrigation
demands. Pumping would be greater during the late summer
months. By early November, the effects of the summer
pumping is negligible on streamflow in the Rockaway River.
More importantly, however, is that the discrepency between
stream disghargé‘measured for each site may also be
attributedito“the-fact that error is introduced during field
measurements. According to records and personnel from the
USGS, a deviation of plus or minus five percent from

observed streamflow is, under the best of conditions, the
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Table 8 Stream Discharge Data

gigiion Discharge (L3/s) Net Seepage Between Selected Stations
Date Streamflow Data was Collected
9/19/85  4/12/85  10/16/84 9/19/85 4/12/85 10/6/84
30 B 27.5 fto/s 157.0 £t /s 27.8 ft>/s
(0.778 m>/s) (4.443 m>/s) (1.786m>/s)
38 39.6 £t°/s 162.0 £t°/s 30.8 ft /s +12.1 ft:/s *5.0 ftsés *3.0 ftsés
(1.721 m>/s (4.585 m°/s) (0.872 m3/s)  *0-342m°/s  +0.142 m"/s +0.085 m’/s
3 3 3 (From Station 30 B to 38)
39(T)  0.34 £t /s 1.80 ft>/s  0.113 ft/s
(0.010 ms/s) (0.051 ms/s) (0.003 m3/s)
43 41.7 ££5/s 165.0 fro/s 30.8 ££5/s  +1.75 £t3/s  +1.2 £t3/s +0.113 £r3/s
(1.180 m>/s) (4.669 m>/s) (0.872 m>/s) +0.049 m3/s  +0.034 m>/s +0.003 m>/s
45(T) 0.0 fts/s 13.5 ft3/s 0.0 fr.3/s (From Station 38 to 43)
(0.382 w/s)
61(T)  0.03 £t°/s 0.1 fr'/s 0.0 £t /s
(849 cm’/s) (0.003 m>/s)
62(T) 0.021 ft3/s 1.20 ft3/s 0.035 fts/s
(594 cm’/s) (0.034 m>/s) (95.1 cm>/s) . o .
65 36.7 £t5/s 174.0 ft5/s 35.9 ft5)s 495 fr/s 5.8t /s A
(1.038 msls) (4.924 ms/s) (1.016 m3/s) -0.14 m"/s -0.164 m /s +1.056 m™ /s
66(T) 0.0 £t5/s 0.13 £t5/s 0.002 £t/s (From Station 43 to 65)
(0.004 m>/s) (56.6 cm’/s)
67(T)  0.057 £ft>/s 1.40 £t /s 0.063 £t/s
(0.002 m>/s) (0.039 m>/s) (0.002m/s)
3 3 3 (From Statio 65 to 68)
68 39.6 f; /s 175.0 §t /s 37.0 ft és v2.80 £65/s  -0.53 £5/s +1.05 03/
(1.21 m'/s) (4.95 m7/s)  (1.047 w'/s) 4 1g 03/ -0.015.m%/s.+0.029 m/s
Net Seepage from Station 30 B to Station 68 -  +11.18ft>/s -0.13 £t5/s +9.213 ft3/s
+0.316 m>/s -0.004 m /s +0.260 m>/s
Seepage Rate +1.4 cfs/mi -0.016 cfs/mi +1.15 cfs/mi
+24.4 ccs/m -0.311 cecs/m  +20.199 ccs/m

Net Seepage Rate from Tetra Tech's Station 4
to Station S5 (Nov. 18, 1977)

53

+4 .08 cfs/mi

+71.75 cecs/m




lowest possible error. Regardless of the cause for flow
differences, it seems apparent, based on the high
variability in the dischérge measurements taken during
various baseflow conditions, that the volume\of streamflow
in the river is probably influenced by fluctuations in the
" water table levels of the underlying aquifer. Therefore,
the initial assumptions that the stream-aquifer system
possesses a strong hydrologic continuity and that the
stresses imposed upon the aquifer are reflected by the net
flux of water between the two systems were used as
rguidelines~tdward.the construction of a hydrogeological
model.

One of the most apparent differences between the
seepage runs taken in September 1985 and October 1984 is the
net flux observed between stations 30B and 38 and between
stations 43 and 65. Although the two different seepage runs
were not done at the exact same time of the year it is
assumed that they both adequately reflect baseflow
conditions because they were both undertaken during a period
of low seasonal recharge. Therefore, it is highly unlikely
that the difference of 0.25 m3/s or 9 ft3/s (the difference
between the October 1984 data and the September 1985 data
for the reach between stations 30 B and 38) can be accounted
for by seasonal fluctuations. Although explanations such as
increase in water demands via evapotranspiration or-

unusually high base flow in September 1985 cannot be ruled
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out, it is more likely that this discrepancy is primarily a
result of human induced stresses onto the system or that the
error introduced during stream gaging produced the
noticeable differences between the net flow for the two
separate dates. For example, when a range of plus or minus
5 % error is considered in the calculations, the net flux of
theASeptember<1985 data between station 30 B to 38 ranges
from 4+16.0 to +9.0 ft3/Sthile the October 1984 net flux
between these stationS'ranges from +6.0 to 0.0 ft3/s.
Consideration of the error.margins indicates that the
discrepancy between the two seepage runs conducted on
different days may not be as great (9.0 - 6.0 = +3.0 £ft3/s)
or may be greater (16.0 - 0.0 = +16.0 ft3/s) than that shown
by calculations in which this error has been disregarded.
Dividing this troublesome reach into smaller reaches with
more stream gaging stations would help to identify the
source of this increased flux of water along the river. It
would also eliminate the possibility that‘the~influx;i§'due
to an ungaged tributary along that portion of the reach.
The other major difference between the two sets of base flow
dgfa (net flow between stations 43 and 65) presents a
curious problem. It is interesting that the absolute value
of the net flow is nearly the same for both dates (about 5
cfs). However, there is a sign difference, indicating that
on September 19, 1985 this reach is losing and that on

October 16, 1984 it is gaining. To add to the mystery,
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analysis of the April 12, 1985 data (high flow) for this
reach shows that the absolute value of the flux is once
again very nearly the same as for the two separate low base
fléw values. However, when the error range of plus or minus
5 % of the measured discharge 1is considered the net seepage
between these stations for the three separate dates falls in
the range of -9.0 to -1.0 ft3/s (September, 1985), +26.0 to
_g.0 ft3/s (April, 1985), and -9.0 to +2.0 ft3/s (October
1984). Despite this range in seepage values, the water
level contour map of the‘unconfined aquifer and the
scattered water level measurements indicate that the
hydraulic gradient is toward the river throughout the study
area. Thus there should be no losing reaches unless~sdme
other factors are influencing the hydraulics between the
stream and the water table aquifer. In this particular
reach (from Station 43 to 65) there are no water level
measurments available that would confirm the possibilty of a
losing reach of the river. Plausible explanations for these
observed anomalies in the streamflow data are more
thdroughly”discussed in a later section where the
interrelationéhip between flux in the river, groundwater
levels, and the impact of the geology on the hydraulics of
the system is evaluated. Overall, comparison of the total
net flux, when considered as a net discharge per mile, for
the entire eight miles of the river that flows through the

study area, renders this disparity along a specific reach
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less conspicuous (Table 8). Therefore, when the system is

viewed as a whole local differences tend tc be minimized.

6.3 Water Level and Potentiometric Contour Maps

In September 1985, the USGS, as part of their data base
acquisition for the Rockaway Valley Drainage Basin,
monitored water levels in selected wells while conducting
concurrent seepage runs. Location of wells monitored on
September 19, 1985 are shown in Figure 12. The water level
data were plotted and then contoured by the author. Since
the valley fill materials make up a multi-aquifer system,
judgments as to which layer the water level measurements
corresponded were based on the information supplied by well
records. One-can infer the layer from which the well is
screened in by analysis of data on the casing length and the
screening interval of each of the wells. Due to the low
density of wells in which water levels were measured during
September, considerable extrapolation was necessary to
complete the contour maps. Two separate water level maps
were drawn. Figuré 13 represents the altitude of the water
table in the unconfined aquifer. The principle that the
water level in water table aquifers commonly mimics the
topography was applied during the construction of this map.
Thé hydraulics of the aquifer-stream system and the
influence of pumping from shallow wells were also

considered. Figure 14 illustrates the attitude of the
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potentiometric surface for the layers modeled as confined.
Because data base acquisition has just begun it was decided
that not enough reliable data existed to support the
construction of two separate potentiometric maps for the two
potential confined aquifers. Therefore, the data was
combined and one map drawn that most closely represents the
groundwater flow patterns in all possible underlying aquifer
units. Supporting evidence for this generalization is given
by the fact that it is not totally certain that two confined
aquifers exist throughout the study area. Also, the
delineation of the sediments into stratigraphic units
indicates the existence of one confined aquifer within the
present day valleyzof’the-Rodk&WﬁY-RiVerﬁand.the“passible;
existence of many individual lens-1like aquifers in the
southeast-southwest region of-thé stud§ area. These many
unknowns do not warrant a complex subdivision of the
stratigraphic units into hydrostratigraphic units. The main
distinction between the,Variouspunits is probably only
discernable by the respective conductivities of the units.
If'thisfis'the,case,_thenumadeling this thick pile of
sediments as heterogeneous materials should accomodate this
grouping of all possible lower aquifer units into one basal

aquifer.

6.4 Water Budget Calculations

A hydrologic water budget for the Upper Rockaway River
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basin was calculated for three different time periods from
preliminary data by Phil Harte (USGS,1985). A long term
average (1921-1950), a dry year (1965), and a wet year
(1984) are presented in Table 9. A water budget for 1985
was not included with these preliminary calculations.
;However,”a 1985 budget was estimated by the author based on
1985 precipitation data, measured runoff, and the three
water budgets.

An annual hydrolcgic budget can be expressed as the
following:
=Q + E + dS/dt
where = Average Annual Precipitation

= Average Annual Stream Discharge

H O W Y
I

= Average Annual Evapotranspiration
ds/dT = change in Storage of both
ground-water and surface-water in the
g basin
The above is a very generalized hydrolqgic-equatiOR,
More explicitly Q can be separated into its surface run-off
component (Qg) and its ground-water discharge component
(Qg)- In addition, when data such as yearly consumption and
groundwater inflows or outflows (for basins in which the
surface water and groundwater divides do not coincide or
when the boundaries of a study area do not coincide exactly

with the surface drainhage divide) are available, they are

included in the hydrologic budget. It was assumed that the
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Table 9: Preliminary hydrologic budget for the Upper Rockaway River Basin

Budget Components Subcomponents Cm in Water Percentage of
Over Area (300 km3) Total Budget

Long Term Precipitation 122 100
Average Water Loss 58 48
(1921-1950) Runoff ’ 64 52
Water Year Precipitation 87 100
1965 Water Loss . 66 70
(Dry Year) Evapotranspiration 58
Consumed 8
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