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Introduction

Humankind has the ability to exert significant influence on its environment. Our historic activities of creating
homes, villages, industry, sustenance, warmth, clothing, and travel have cumulatively impacted our
surroundings as we became more “civilized” and sophisticated in our lifestyles. The redlization that our
capability bears with it a responsibility has been gradually evolving into an ecosystem sensitivity whereby
humans are members of equal standing, entitled to no more or less of the resource pool.

The County of Morrisisrichinits natural resource heritage. In the 1988 Open Space Element, the Morris
County Planning Board acknowledged devel opment pressures on available lands, which are more often than
not environmentally sensitive. A worsening of flooding, erosion and sedimentation, among other natural
hazards was anticipated resulting from existing development compounded by impacts from future
development’s disturbances. Therefore a county-wide Natural Resources Inventory was recommended to
document resources as well as environmental constraints.

Theinventory process resulted in the emergence of recurring themes namely the interrel ationships among all
natural resources, the far-reaching implications of human impact, and the diverse opportunities for
stewardship. This document therefore consists of an inventory of natural resources and corresponding
management recommendations. An assortment of maps and illustrations serve to represent historical or
existing environmental conditions. Sketches of flora and fauna found in the lower corner of pages, represent
spedies likely to occur in the various communities within the county. Those marked with an asterisk signify
species designated as threatened, endangered or rare.

“Thetree in the garden and the tree in the wilderness are both wild;
both require our care. We need to reconcile them, to see a natural
landscapethat isaso cultural, in which city, suburb, countryside and
wilderness each hasiits own place.”*

Note:  This document has been formatted so that glossaries and appendices have been located in the back
of each chapter. An annotated listing of environmental legislation, referred to in the following chapters, is
located on the following page.

'William Cronon, “The Trouble With Wilderness,” The New York Times Magazine, Aug. 13, 1995, 43.




Environmental Protection Regulations

FEDERAL

Clear Air Act - provided authority for abating air pollution which threatened human health or welfare.

Clean Water Act - authorizes US EPA to provide grants to states for the development of ground water protection
strategies and authorizes various water pollution prevention programs.

Comprehensive Environmental Response, Compensation, and Liability Act (Superfund) - authorizes government
to clean up contamination caused by chemical spills or hazardous waste; enables citizens to sue violators of the law
and establishes community right-to-know" programs (Title I11) which provides a database on producers of toxic or
hazardous materials called the Toxic Chemical Release Inventory.

Endangered Species Act - determined that endangered and threatened species of fish, wildlife, and plants "are of
esthetic, ecological, educational, historical, recreational, and scientific value to the Nation and its people.” It affirms
that in order for these speciesto survive and prosper, conservation efforts would need to be directed toward "critical
habitat."

Federal Insecticide, Fungicide, and Rodenticide Act - allows US EPA’s control of pesticides.

Resource Conservation and Recovery Act - regulates the storage, transportation, treatment, and disposal of solid and
hazardous wastes.

Safe Drinking Water Act - authorizes US EPA to set standards for maximum levels of contaminants in drinking
water, regulates the underground disposal of wastes in deep wells, designates areas that rely on asingle aquifer for
their water supply, and encourages states to devel op programs to protect public water supply wells (e.g., wellhead
protection programs).

Sole Source Aquifer Program - designates critical aquifer areas serving as sole or principal drinking water source
for thearea. US EPA isrequired to review federd financidly assisted projects planned for an area to determine their
potential for contaminating the local aquifer.

Toxic Substance Control Act: authorizes US EPA to control the manufacture, use, storage, distribution, or disposal
of toxic chemicals.

STATE

County Planning Act (N.J.S.A. 40:27-1 et seq.) - provides jurisdiction over road construction and maintenance and
alows input on design of roads and drainage systems

Endangered and Nongame Species Conservation Act (L.1973, ¢. 309, § 1) - concerns the conservation, management,
enhancement and protection of endangered species and nongame species of wildlife.

Hood Hazard Area Control Act Rules (N.J.A.C. 7:13-1.1 et seq.) - protects property, water quality, and habitat
within floodplain areas and associated watercourses.

Freshweter Wetlands Protection Act (N.J.S.A. 13:9B-1 et seq.) - preserves freshwater wetlands from disturbance.
Ground Water Quality Standards (N.J.A.C. 7:9-6 et seq.) - seeks to restore, enhance and maintain the chemical,
physicd, and biological integrity of waters, to protect public health, to safeguard fish and aguatic life and scenic and
ecological values, and to enhance the domestic, municipal, recreational, industrial and other uses of water.

NJ Safe Drinking Water Act (N.J.S.A. 58:12A-4c et. Seg.) - controls the quality of public drinking water supplies
by identifying risk levels (MCLs: maximum contaminant levels).

NJ Solid Waste Management Act (N.J.S.A. 13:1E-1 et seq.) - mandates counties to develop comprehensive plans
of waste management.

NJ Water Pollution Control Act (N.J.S.A. 58:10A-1 et seq.) - protects uses of water through discharge controls.
Soil Erosion and Sediment Control Act (N.J.S.A. 4:24-42) - dlows jurisdiction over soil erosion and stormwater
management aspects of construction activity.

Standards for Individual Subsurface Sewage Disposal Systems (N.J.A.C. 7:9A) - provides standards for location,
design, construction, installation, maintenance of individual subsurface sewage disposal systems.

Stormwater Management Regulations (N.JA.C. 7:8-1.1 et seq.) - addresses different stormwater responses resulting
from variations in watershed conditions ranging from undevel oped to developed.

Water Supply Management Act (N.J.S.A. 58:1A-1 et.seq.) - provides the authority for planning and controlling the
alocation and provision of water, including emergency restrictions during times of drought. Water supply critical
areas may be designated and regulated if severe water supply problems exist.




Geologic History of Morris County

Introduction

Thisinventory of Morris County's environmental features begins with geology because, indeed, it describes
the substrate upon which subsequent layers of soil, water, vegetation, wildlife habitat and microclimates have
evolved. Anunderstanding of geologic history contributes to an understanding of human settlement patterns,
transportation routes, and the location of certain economic activities. Current application of this
understanding can be madein rectifying and preventing the problems associated with these assorted land uses,
e.g., depleted aquifers, mine shaft-related cave-ins, sinkholes, and radon hot spots.

Ancient History

The processes that produced the geologic structures underlying Morris County have been operating for over
one hillion years. Thelandscapethat we seeistheresult of cyclical mountain building, erosion, rock relocation
into valleys, metamorphosis, and recycled rock being thrust up into mountains again.

Primitive rivers carved channels in the rock, forming deep valleys, only to have their direction reversed in
response to the changing tilt of the land mass or the blockage of old drainage ways by erosional deposition.
Seas have advanced across the land surface, and then retreated. The climate has changed from tropical to
arctic and back to temperate as the landmass itsdlf has drifted nearer then farther from the equator. Glaciers
have descended from the north, covered more than half the county, and then melted back; their passage
radically reshaping the landscape and trapping the groundwater that serves us today.

Geologic history is traditionally divided according to the duration of time needed to form recognizable rock
units. The longest such division is commonly known as an Era. Eras are then subdivided into Periods.
Periods may be further subdivided into Epochs. Table 1, onthe following page, provides an overview of this
chronology. Asyou continueto read, refer to the corresponding formations depicted on the bedrock geology
map Plate 1. Thevariationswithin this geologic base have contributed to the environmental diversity specific
to the county.

9 Geologic History of Morris County
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| EPOCH

gic Time Scale

ERA PERIOD Millions of Years Ago Associated Events
Glaciers recede;
Holocene present - 0.01 Climate becomes temperate
Q Quaternary Pleistocene | 0.01- 1.6 Glaciation
Q Primitive humans; forests flourish
o
c
8 Pliocene 1.6-5.3 Continents & seas assume present forms
Tertiary Miocene 53-23.7 Seas recede »
Oligocene 23.7 - 36.6 European & Asian land masses join
Cretaceous Late 66.4 - 97.5 Extinction of dinosaurs
etace Early 97.5-144 Widespread swamps
(&)
o . L .
8 Late 144 - 163 Dinosaurs thrive; first birds
7} Jurassi Middle 163 - 187 Sedimentation of Newark basin
Qo urassic Early 187 - 208 Lava flows from Watchung Mtn. Ridges
= Formation of Newark basin (Piedmont)
Late 208 - 230 Continental drift resulting in rift basins
Triassic Middle 230 - 240 First mammals
Early 240 - 245 Desert conditions dominate; then abate
Late 245 - 258 Closure of Proto-Atlantic; formation of
Permian Early 258 - 286 Pangea uplifting of Green Pond &
erma Copperas Mountains.
Alleghanian orogeny
Carboniferous | Pennsylvanian Late 286 - 320 Evergreen forests flourish
Mississippian Early 320 - 360 First reptiles
Late 360 - 374 Seas advance
o Devonian Middle 374 - 387 First amphibians & insects
'E Early 387 - 408 Fish abound
o
< Silurian Late 408 - 421 First leafless land plants
T unay Early 421 - 438
Late 438 - 458 First vertebrates
Ordovician Middle 458 - 478 Taconic orogeny
Early 478 - 505
Late 505 - 523 Shallow seas advance & retreat
Cambrian Middle 523 - 540 Grenville Orogeny
Early 540 - 570
Late 570 - 900 Erosional sedimentation; volcanic activity
% Proterozoic Age Middle 900 - 1600 Sea floor spreading forming “Proto-Atlantic”
= Early 1600 - 2500
£
g Late 2500 - 3000
o Archean Age Middle 3000 - 3400
o Early 3400 - 38007

Sources. Cotterill, Rodney, Editor, The Cambridge Guide to the Material World, 1985

New Jersey Geological Survey, Information Circular 1, 1990
The Geological Society of America, The Geologic Time Scale, 1983
Wolfe, Peter E., and Crane, The Geology and L andscapes of New Jersey, 1977
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The Precambrian Era

The Formation of the Highlands Province

The Precambrian Era extends from the beginning of the earth, more than four billion years ago, to the
beginning of the Paleozoic Era570 million years ago. The rocks of the mountains in western Morris County,
formed during the middle Proterozoic period (latter part of the Precambrian), are among the most ancient
rocks in North America. They are part of a formation resulting from chemical precipitation of calcareous
sediments, running northeast to Newfoundland and west across the Hudson Bay.

These sediments, and other non-calcareous sediments, compacted into layers of sandstone, shale, and
limestone. As these layers deegpened over millions of years, heat and pressure metamorphosed them into
banded gneiss and marble. Meanwhile volcanic activity produced lava flows, creating additional intruding
layers of igneous rock--granites and fdspars. Theselayered formations are the bedrock of the N.J. Highlands
and have created a landscape characterized by hilly uplands adjacent to steep river cuts.

The Highlands formations transformed drameti cally while being deformed, folded, faulted, and thrust up into
mountains. Intense heat and shearing compression further metamorphosed the rock, creating a rich complex
of mineral deposits, some uniqueto New Jersey. From the Revolutionary War period to the twentieth century,
mineral prospecting and mining, particularly of magnetite iron ore, were basic economic activities in much
of western Morris County and the impetus for settling patterns. Plate 2 depicts abandoned Iron Mines, as
well as active and abandoned sand and grave operations. Compare their locations with the Bedrock Geology
map in this chapter, and the Landforms map in Chapter 2.

Over time, the Proterozoic bedrock of the Highlands has
been fractured, faulted, and jointed as a result of both
crustal movement and the compression, slippage, and
crushing of grains that comes from bearing the weight of
thousands of feet of rock. Most fractures and faults trend
inagenerally northeasterly direction. The nature of these
cracks and faults affect the presence of ground water, its
movement, and the potential for contamination.

\ 1
The Paleozoic Era Physiographic ,

Provinces of 5 S 9
Erosion and More Mountain Building X ~Y

Near the beginning of the Paleozoic Era, 570 million years
ago, the center of the continental land mass, from the
Highlands to Utah, was covered with the shallow warm
waters of avast sea. During Proterozoic, Cambrian, and
much of Ordovician time, riversin the Highlands flowed
southeasterly, washing mountain sediments onto the
continental shelf of the spreading proto-Atlantic Ocean.
Metamorphosed, these sediments would form the

. i T w,’-)/f'
3
2v’~/‘L—\< ke
\ 4

" . . . N )77 SOURCE:
"basement” for the Mesozoic Newark Basin (Piedmont 4 / 5/ Aot om el of Now s
. 37 sirvey, 1984,
prOVI nce) . — - grepa¥é;91>83(41he Morris County Planning Board, 1991

0 20 Miles

Figure1
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During the Silurian, with tilting of the continental landmass, the Highlands ridges uplifted further, and the
rivers shifted their direction north and westward. Erosional debris, also washing westward, gathered in the
valleys and compacted into new shales, sandstones, siltstones, and conglomerates. In Morris County, the
eroding Highlands ridges formed the sedimentary rock belts of the Musconetcong valley and of the wide valley
that runs northeast from Long Valley in Washington Township to the Oak Ridge Reservoir in Jefferson
Township, as well as Picatinny Valley in Rockaway Township. Paralle to these valleys are ridges aso
derived from sedimentary rock, folded up out of the valley floor, e.g., Green Pond, Brown, and Copperas
Mountains, and part of Bowling Green Mountain (refer to the Landform
map in Chapter 2). % EPOCH TIME

Holocene present-0.016

The Mesozoic Era
Pleistocene 0.0l6-1.0

Newark Basin and Basalt Ridges of the Piedmont .
Pliocene 1.0-53

During the Late Triassic, the rift in the Atlantic Ocean floor began to Miocene 53.937

Cenozoic

spread again, pushing North Americawestward. This process continues
today. Paralld to this spreading rift, along the edge of the North Oligocene 23.7-36.6

American land mass, a series of inland basins formed as the Highlands Eocene 36.6.578

was raised oncemore. Theeastern part of Morris County lies within one
of these northeast trending rift basins. Known as the Newark Basin, the Paleocene 5/.8-664
western edge is formed by the Highlands escarpment, along which runs

Cretaceous 66.4 - 144

the Border or Ramapo Fault, extending from Mahwah through Boonton §

and Morristown to Gladstone. These features separate the Highlands § Jurassic 144 -208
from the Piedmont province. Triasic 208 . 245
Continuing into the early Jurassic period, sediments washed from both Permian 245 286
the Highlands slopes and the eastern upland area of the Manhattan _

Prong, and were deposited aong rivers and in lakes within the Newark Pennsylvanian | 286 - 320
Basin, atop the Proterozoic rock. Mud, clays, silts, and gravel were § Mississippian | 320 - 360
deposited in broad alluvial fans on the basin floor. Therethey settled, 3 _

compacted, hardened, and became the characteristic sedimentary & | Devonian 360 - 408

reddish-brown sandstones, conglomerates, siltstones, and shales of the Silurian 408 - 438

Brunswick Group.
P Ordovician 438 - 505

"Threemgjor (volcanic) eruptions spread lava across the Newark Basin. Carnbrian 505 - 570
Thelava solidified into theigneous basalt units of the Brunswick Group.
Each basalt layer was covered by additional sediment coming off the
Highlands. The continual rifting and tectonic activity resulted in the

Late
Proterozoic 570 -900

tilting of the basin to the northwest. The softer sedimentary units. . . Middle
eroded away, leaving behind the more resistant igneous rocks. These Proterozoic 900 - 1600
now underlie the ridges called the Watchung Mountains."*

Precambrian

Jeffrey L. Hoffman, Supervising Hydrogeologist, New Jersey Department of Environmental Protection.
Personal correspondence, March 27, 1997.
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Iron, Sand and Gravel Mines
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PLATE 2: Iron, Sand and Gravel Mines



The Cenozoic Era

Erosion and Glaciation SCulpt the Landscape

Between the end of the Mesozoic Era (about 65 million years ago) and the beginning of the Quaternary Ice
Ages (1.75 million years ago), erosion was the primary process shaping the land. Mountain building had
temporarily ceased, and vegetation and forests covered the land, decelerating the erosion. The slight uplift
of the Highlands during the Mesozoic caused streams to run fast and southeastward. They carved out valleys
in softer shales and sandstones and helped form the gently rolling table-top, or peneplain, of Schooleys
Mountain  in  Washington

Township.

Three glacial advances reached
New Jersey during the
Pleistocene period: the Kansan
(first), the Illinoisan (second),
and the Wisconsinan (third).
The last ice sheets of the
Wisconsinan glaciation retreated
northward about 17,000 years
ago.? Remnant scars and gouges
on rock outcroppings suggest
that two lobes of ice from the
north (one west and one east)
descended across northern New
Jersey. These lobes met and
stopped in  Morris County
somewhere along the ridge of
Stony Brook Mountain in
Kinneon.

SOURCES

"AS the glmla mvancw’ Some Political boundaries: MCPB, 1992. 1:48,000
material was deposited beneath it B e o o o sy 0000
in hard till beds. Other material

came out at the front of the

glacier  whenever  mdting

overpowered the advance. The Figure 2 - Terminal Moraine

glacier remained at its maximum

extent long enough to leave a

thick deposit of sand, silt, day, gravel, pebbles, cobbles and boulders called the ter minal moraine.”® (Figure
2).

Scott D. Stanford, New Jersey Geological Survey. “The Glacial Geology of New Jersey,” Hydrogeology of
the Glacial Deposits of New Jersey: An Applied Field Course Cook College and Rutgers University, 1992),
20.

3Jeffrey Hoffman. Correspondence, March 27, 1997.
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"Theglacier did not erode all of the unconsolidated material in its path as it advanced southwards. Glacial
melt-water streams deposited sand gravel in preglacial river valleys. Where not eroded away, the sand and
grave was covered by till, forming aburied valley aquifer system (Figure 3) which provides drinking water
for much of northern and eastern Morris County.”*

North

————
0 4 MILES

Fairfield

ESSEX

Northern
Millburn
Florham Park

< MORRIS East Hanover
° Slough Brook
\ Canoe Brook
BN L Chatham
) * — \ Summit
N, —" -\ Oakwood —d .
: . # Southern MO
Source: Hydrogeology of the Glacial Deposits of New Jersey: /

An Applied Field Course, 1992, 79.

e
Figure 3 - Buried Valley Aquifer

Much of the evidence of thefirst two glaciations has been erased from Morris County by the action of the
Wisconsinan glacier. However isolated patches of glacial drift from the Kansan glacier have been found in
Mendham and along the North Branch of the Raritan; and of the Illinoisan just south of the Wisconsinan
terminal moraine, in Dover, Denville, and Flanders.

Management Considerations

Because natural hazards are often exaggerated by human activity, there is a need to develop legislation,
regulations, and management practices to protect human welfare as well as that of our natural resources.

“Jeffrey Hoffman. Correspondence, March 27, 1997.
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Impact5 From Natural Hazards

In Morris County, threats from geologic natural hazards are varied in intensity. Though the county is still
shaken occasionally by a minor earthquake, risk to human health and property is relatively small. Plate 3
provides an historical perspective of seismic activity in the county. Other hazards, however, such as cave-ins,
erosion, and radon present significant issues justifying management intervention.

Sinkholes: Limestone formations are often prolific ground water suppliers. The very hydraulic
characteristics that enable excellent aquifer recharge and ground water availability, also allow vulnerability
to ground water contamination. When overlying land is disturbed, subsequent stormwater runoff may enlarge
fractures, forming cavities and ultimately sinkholes.

Cave-ins. Remnants of a previously active mining industry have produced serious cave-in threats, if not
actual incidences (e.g. Mine Hill) posing serious safety concerns for overlying structures and inhabitants.

Radon: An odorless, tastdess, and invisible radioactive gas, radon is produced during the decay of Uranium.
Sources can be found in soils and rocks containing uranium, granite, shale, phosphate, and pitchblende, typical
inthe Highlands. A natural component in the atmosphere, radon does not pose a threat when outdoors. It can,
however, pose a danger when concentrated in a confined environment. Generally, the greater the exposure
to radon, the greater the risk for developing lung cancer.

Typical human exposure to Radon occurs in the home, particularly the basement or ground level. Access
points normally are dirt floors, cracks in concrete floors and walls, floor drains, sumps, tiny cracks or pores
in hollow-block walls, and water supply pipes. Indoor Radon concentrations can vary from day to day, season
to season, and within different parts of ahome. A person'stotal accumulated radon exposure from a particular
home depends on severa factors including:

®  average concentration of radon in the home

®  number of years aperson has lived in the home

® amount of time spent at home each day*

Radonis practically ubiquitous in New Jersey, although concentration reflects the underlying geology. New
Jersey Department of Environmental Protection’s 1987 Overview of Initial Results Statewide Scientific Study
of Radon reported on thetesting of approximatdy 5300 homes for naturally occurring radon. Average indoor
Radon concentrations fluctuated widely based on geographic distribution:

®  Average concentration of 8.1 pCi/l was found in the Highlands region (Reading Prong).
®  Average concentration in the Piedmont region was 4.2 pCi/L.

Whether remediation measures need to be taken or not, steps to safeguard your environment include:

®  increase ventilation in your home
o |imit the amount of time spent in the areas of highest concentration
®  stop smoking and discourage smoking in your home?

IN.J. Department of Health, Division of Occupational and Environmental Health, Facts and Recommendations
on Exposure to Radon, 2.

2N.J. Department of Health.
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Because health concerns regarding radon exposure were translated to equity issues, quantifying its indoor
presence has become standard real estate transactional procedure. Different sampling techniques produce
results expressed in either "working levels® (WL) measuring radon decay products or "picocuries per liter
(pCi/l)" measuring concentrations of Radon gas. A generalized prescription for remedial action follows:

>1.0 WL
or >200 pCi/l

>0.1 WL-10.0 WL
or 20 pCi/-200 pCi/l

= perform follow-up measurements as soon as possible.

= perform follow-up measurements.

0.02 WL-01 WL = perform follow-up measurements

or 4 pCi/1-20 pCi/l =p p :

<0.02 WL N '

or <4 pCi/l = follow-up measurements are probably not required.

Earthquakes. Whilefaultlines run throughout the quantity, likelihood of significant earthquakes is remote.
Nonethd ess there are rumblings as depicted on Plate 3. The primary relevance to today’ s land use activities
is in terms of occurrence of ground water supplies within the underlying geology and vulnerability to
contamination through the these lines.

Human Derived Impacta

Development Over Limestone formations. “The
solution of the bedrock causes surface depressions,
open drainage passages, and the development of
irregular, sub-surface rock topography known as
karsts. These conditions make such areas unstable and
susceptible to subsidence and surface collapse. Asa
result, the alteration of drainage patterns in these areas
by the placement of impervious coverage, grade
changes, or increased loads from site imp&ovements can
lead to land subsidence and sinkholes.”

These enlarged fractures and fissures al so contribute to
increasaed vulnerability of ground water contamination.
Sources of contamination can include discharges to
groundwater, septic system effluent, or contaminated
surface water.

Figure 4 - Limestone Formation

Ground Water Contamination: The availability and vulnerability to contamination of ground water
correlates directly to geology. Likewise, the geologically influenced connection between ground water and
surface water bears implications for pollutant migration. Theseinteractions will be described further in the
ground water chapter.

*North Jersey Resource Conservation and Development Council. “Model Limestone Ordinance,” August,
1993.
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Historical Perspective of Earthquakes
with Epicenters in Morris County
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sey:  US Geological Survey, 1987.
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PLATE 3: Historical Perspective of Earthquakes
with Epicenters in Morris County
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An Historical Perspective Of Earthquakes With Epicenters In Or Near Morris County

ID DATE LOCATION INTENSITY ID DATE LOCATION INTENSITY
1 11/24/1783 Near Petersburg v 12 12/26/1977 Schooley's Mt. 1.7 Felt
1 11/29/1783  Near Petersburg VI 13  02/15/1978 Boonton 16

1 11/30/1783  Near Petersburg IV 14 05/18/1978 Milton 1.5 Fet
1 11/30/1783  Near Petersburg VI 15 06/12/1978 Woodstock no data
1 11/30/1783  Near Petersburg v 15 06/15/1978 Woodstock no data
2 08/10/1880  Near Morristown 1l 14 06/30/1978 Milton v

2 09/01/1880  Near Morristown 1l 14 06/30/1978 Milton "

3 03/23/1957  Schooley's Mt. \ 16 01/30/1979 Harding \%

4 08/14/1969  LekeHopatcong 1.0 17 02/01/1979 Chester 19

4 09/14/1969  LekeHopatcong 1.0 18 02/01/1979 Chester 119
4 10/06/1969  LakeHopatcong 1V 1.3 19 02/01/1979 Mendham Twp. 1.8

4 10/10/1969  LekeHopatcong 1.0 17 02/01/1979 Chester 15

4 11/03/1969  LekeHopatcong 1.0 20 02/02/1979 Mendham Twp. "

5 01/17/1976  Riverdae 18 21 02/23/1979 Washington no data
6 03/11/1976  Riverdae V28 22 02/23/1979 Chester v

7 03/12/1976  Near Boonton VI 23 02/23/1979 Washington 1.8

8 03/12/1976  Riverdae 2.2 Felt 24 03/09/1979 Harding V3.1
9 10/27/1976  Denville Foreshock 1.0 4  03/22/1979 Lake Hopatcong no data
9 10/27/1976  Denville 1.0 25 03/19/1981 Boonton 20

9 10/28/1976  Denville Aftershock 1.0 26 06/01/1983 Dover 15

3 12/05/1976  Schooley's Mt. I 27 06/03/1984 Kinnelon 13

10 12/05/1976  Schooley's Mt. 1.8 Felt 28 06/06/1984 Near Morristown 17

10 12/06/1976  Schooley's Mt. 1.7 Felt 29 08/01/1984 Mt. Olive 17

11 01/06/1977  Near Green Pd. no data 30 10/25/1984 Near Mt. Olive 20

12 12/04/1977  Schooley's Mt. 1.8 Felt 31 12/02/1984 Byram, Sussex Co. 15

12 12/04/1977 Schooley's Mt. 2.1 Felt 31 12/13/1984 Byram, Sussex Co. 17

12 12/06/1977  Schooley's Mt. 1.6 Felt 29 12/15/1984 Byram, Sussex Co. 18

12 12/07/1977 Schooley's Mt. 2.3 Felt 31 12/17/1984 Byram, Sussex Co. 16

12 12/23/1977  Schooley's Mt. 1.4 Felt 30 02/08/1986 Flanders 17

12 12/24/1977 Schooley's Mt. 1.6 Felt 32 06/29/1986 Kinnelon 15

12 12/25/1977 Schooley's Mt. 1.5 Fet 33 04/24/1987 S. of Mohawk Lake, Sussex Co. 1.9

INTENSITY* EQUIV.MAGNITUDE** EFFECTS

I 19 Usually imperceptible to people

I 25 Felt indoors by few; some gentle swaying of suspended objects and liquids

I 31 Felt indoors by several; sensation of passing light truck traffic

v 37 Felt indoors by many; causes creaks, rattle, and swinging of hanging objects

\% 43 Felt indoors by most; buildings tremble; swinging or moving most objects

VI 49 Felt indoors by al; cracking and falling of plaster; falling of small-sized objects

*modified Mercdli intensty-The Mercalli scale ranks earthquakes from | through X1, although in thistable only | through VI are shown becauss
the most intense earthquake in Morris County ranked V1.

** Although earthquakes of the same maximum intensity do not always have the same magnitudes. *
Most earthquake activity in the county has been related to movement along the Ramapo and Green Pond Faults, aswell asthe Long Valley Faulf]
centered in Hunterdon County.

“Daniel Dombroski Jr.,"Catalog of New Jersey Earthquakes Through 1990." (Trenton: New Jersey Geological
Survey, 1992)
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Regulatory Support

e Standardsfor Individual Subsurface Sewage Disposal Systems preventing hydraulic restrictiveness
dueto characteristics of rock substratum

FPlanning Strategies

® |nventory geologically sensitive areas and associated constraints (e.g., location of limestone formation
and buried valley aquifers, and sources of potential contaminants)

® |dentify potential threststo life and property (e.g., historic mining activities and associated potential for
cave-ins)

® Provideastormwater management plan that would match land uses to underlying geology, respective of
particular environmental sensitivities such as limestone formations

® Include notable geologic formations in Open Space Plan, providing protective measures including
acquisition

Design Strategies

® |Implement stormwater management plan (e.g., providing water quality protection in geological areas
vulnerableto infiltrating contaminants; strategic location of stormwater detention basin within limestone
formations; maximizing ground water recharge)

®  Septic management plan appropriate to existing geologic conditions such as limestone formations

® Arrange cooperative agreements with public and private agencies to cap mine shafts

®  Minimizeimpervious surfaceto maintain hydrologic regime in geologically sensitive areas such as sand
and gravel, and limestone areas

Zoning and Site Plan Ordinance

o Modifying development regulations to require identification and location of geologic hazards on all
subdivision and site plan submissions

® | imestone Formation Protection Ordinance (North Jersey Resource Conservation and Devel opment
Council) addressing geologically appropriate site investigation and design, construction and soil
disturbance requirements, response to sinkhole formations, and stormwater runoff management

o Wedl Head Protection Area Ordinance

FPractices

®  Township of Washington’s Ordinance regulating activities in the carbonate
areadistrict overlay zone. Underground storage tanks for petroleum products
are not permitted in residential developments. Commercial businesses, too,
excepting service stations, are not permitted underground storage tanks,
unless required for public safety.

® Radon testing and mitigation education provided by the New Jersey Radon
Section and NJ DEP (1-800-648-0394).

Regal Fritillary
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Glossary

BASALT Finegrained, dark colored, volcanic rock; dominant rock of Hook Mountain and Long Hill.
BEDROCK Solid rock below soil and rock fragments, sometimes exposed at surface.

CONGLOMERATE Pebbles or cobbles embedded in afine-grained matrix of sand or silt. Reddish
Greenpond conglomerate was a frequent choice for foundations for the county's historic homes.

CONSOLIDATED SEDIMENTS Sediments compressed and/or cemented together into arock.

DOLOMITE Crystalline calcium magnesium carbonate; a metamorphosed limestone. Common in the
Highlands.

GNEISS A coarse grained, metamorphic rock commonly composed of bands of mineral components,
which may include quartz, feldspar, mica, and hornblende. A dominant rock type of the Highlands.

GRANITE A coarse grained, igneous rock composed primarily of quartz and feldspar. Common in the
Highlands.

IGNEOUS ROCK One of three basic rock types formed by the cooling and solidification of lava.
MARBLE A recrystallized and metamorphosed limestone or dolomite.

METAMORPHIC ROCK One of three basic types of rock formed as the result of temperature, pressure,
shearing stress, or chemical activity, drastically changing the integrity of pre-existing rock.

QUARTZ A very common crystalline mineral, an oxide of silicon. Common in the Highlands.

SEDIMENTARY ROCK One of three basic types of rock formed by the consolidation and cementing of
loose sediments, such as sand, silt, or gravel.

SHALE A fine-grained sedimentary rock consisting of tightly packed sediments less than 1/16mm in
diameter. Most shales were formed from mud deposited on lake bottoms, along rivers, or in oceans.

SLATE A very fine grained rock, derived by the metamorphosis of rocks such as shale or volcanic ash.

TILL Rocky material (clay, sand, gravel, stones, boulders) picked up by glacial ice and deposited
elsewhere. Specific characteristics depend upon parent material. Most glacial till in Morris County derives
from Highlands rocks. Till may be stratified (sorted into layers according to the size of rock particles) or
mixed (unsorted and poorly stratified).

UNCONSOLIDATED SEDIMENTS Looseclay, sand, and gravel sediments.
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Topography and
Landforms

Introduction

In Chapter One we had a glimpse at the ancient geologic
processes responsible for creating our global foundation.
Chapter Two will explore the subsequent events shaping
that foundation into the landscape we inhabit today.

The basic topographical configurations, or landforms, of
Morris County correlate well with the underlying geology
(Plate 4). Two separate regions, referred to as the
Highlands and the Piedmont, are the physiographic
provinces containing these configuration of similar
geologic origin, type, and age (Figure 1). Landforms
within the Highlands include generally northeast trending
ridges and valleys gradually dropping in eevation from
west to east. A 200-400 foot border escarpment on the
eastern edge, traversing the county from Kinnelon through
Morristown, separates the Highlands from the adjacent
Piedmont.

The Landscape

The Highlands form threeidentifiable ridges of mountains.
Collectively referred to as the Reading Prong, these ridges
begin in Reading, Pennsylvania, and run through northern
New Jersey, the New York Hudson Highlands and into
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western Connecticut. Schooleys Mountain, Mase Mountain, Bowling Green Mountain, and Mount Paul are part
of the second ridge of the Highlands. The pegks and plains east of the mountain ranges induding Fox Hill and
Copperas Mountain, over to the border escarpment, comprise the third ridge. The rolling hills of the Piedmont
consist of sandstones and shales punctuated by the erosion-resistant volcanic igneous rocks of the Watchungs.
These basdlt ridges are known locally as Hook Mountain (Montville) and Long Hill (Long Hill and Harding
Townships). Refer to the Landforms map (Plate 4) for location of these features.

Rivers and streams within the county flow generally southwestward, following the trends of the Highlands.
Notable exceptions are the east-flowing Pequannock River, the Rockaway River, which flows south out of
Berkshire Valey and then east through a gap in the eastern Highlands, and the Passaic River, which rises in
southern Mendham Township, flows north through the Watchung valley, and turns esstward at Montville towards
the Great Notch, Little Falls, and Paterson.

Erosion, gladiation, and human activities have sculpted our geologic foundation into the familiar shapes of today's
landscagpe. Erosion's effect on the landscape, is related to a number of factors: erodibility of materias, eg., shale,
sandstone, and limestone wear away much more reedily than granite and gneiss. Caves and solution cavities in
limestone formations represent conseguences of erosion.  Stegpness of slope and the presence or absence of
vegetative cover aso affect the rate and nature of the erosion process. The broad, rounded hills and flat-topped
ridges of the Highlands reflect hundreds of thousands of years of erosion by wind and rain. The wide, gently rolling,
eroded plateau known as the Schooleys Mountain peneplain (Washington Township) is another example of
erosional manifestations.

These doped rdiefs provide a visual amenity to those traveling in the region but aso contribute to the diverse
ecosystems within the county. Uplands and outcrop aress, characterized by extremdy dry conditions, provide
excdlent examples of sucoession whererock becomes inhabited, sequentialy, by moss, lichens, herbs, shrubs, and
tress. Habitat in the higher devations host spedific communities of flora and fauna, incdluding rare species, and give
riseto the heedwaters of our rivers. A non-renewable resource, once blasted, ridges cannot be restored, athough
restoration of wetlands and disturbed areas in former quarried land is occurring.

lcy Visitors

A profound impact on the landscape was the arrival,
stay, and departure of the glaciers. Asthelobes of ice
moved acrass the landscape they scraped up soft shales
and loose rubble and sheered of f ridges exposing sharp
diffs of polished Precambrian bedrock. The southeast
travels of the glacier resulted in gentler slopes and
fewer rock outcrops on the northwest side of ridges,
and steep escarpments and many rock outcrops on
southeast lopes. Green Pond and Copperas Mountains
reflect this general pattern.

Most of thetills dropped by the glacier are relatively
local in origin. Generally, till deposits are thickest in
valleys and at the base of slopes. Thus the overal
effect of the glacier was to smooth down high places
and elevate lower ones. The Newark Basin, within the
Piedmont, was raised an average of 100 feet above sea
Figure 2 - Terminal Moraine level by glacial deposits.
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This depositiond till (mixture of sand, silt, clay, and boulders), created a hummocky topography with stony
low-relief ridges. Theterminal moraine, a prominent featurein Morris County travels in an almost continuous
curved band, about one mile wide, from west of Dover to the Jersey City Reservoir and south to Madison
(Figure 2). It bears tremendous water supply significance to the County by its close association with the
adjacent Buried Valley Aquifer.

Glacia deposition also had a dramatic effect on surface water bodies and drainage patterns.  Temporary
glacial lakes such as, Succasunna, Denville, Dover, Wharton and Passaic, the largest, were formed when

Legend

Major Glacial Lake
® Major Recessional Ice Margin
Areas Covered by Series of Small Glacial Lakes

o
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A
A & Budd
g _
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Source: Hydrogealogy of the Glacial Deposits of New Jersey e}

Scott D. Stanford, Gail M. Ashley, April 1992-

Figure 3 - Glacial Lakesin Morris County

drainage gaps were blocked by ice (Figure 3). Asfineclay and silt sediments collected on the bottoms of these
draining glacial lakes, creating nearly impervious layers, the stage was set for future swamp, bog, and
wetlands development. Today's Great Swamp, Bog and VIy Meadow, Troy Meadows, and Great Piece
Meedows aredl remnants of glacial Lake Passaic. The lake bottom sediments underlying the Great Swamp
are more than 50 feet deep.

Thedistribution of lakes in the county also show the influence of glaciation. Most naturally occurring lakes
arefound north of theterminal moraine, formed in kettle holes and bogs created by the retreat of the glacier,
and by deposits of till that blocked pre-glacial drainage, or lakes scoured into bedrock. Glacialy derived
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lakes and ponds remaining in existence today are Picatinny Lake, Green Pond, Budd Lake, Split Rock Pond,
and Lake Hopatcong. Whilewetlands evolved from glacially derived kettle holes, they also developed along
the valleys of the Rockaway River, Green Pond and Stony Brooks, and occasionally in gouged out
Precambrian bedrock.

When the Rockaway's path through Mountain Lakes was blocked by till, it rerouted itself north through the
valley west of the Tourne county park and east through a gap at Montville. The Valley at Kenvil, once
accommodating the northward flowing Lamington River, became obstructed by sediment deposition in glacial
Lake Succasunna. Thus the former tributary to the Rockaway changed route, flowing to the Raritan, as it does
today.

Other glacial landforms are evident throughout northern Morris County. Deltas can be found in Kenvil and
Victory Gardens. Kames and kame terraces are found in the valley of the Pequannock River between Oak
Ridge and Newfoundland, the Rockaway Valley from the moraine to M oosepack Pond, and the Beaver Brook
Valley from Beach Glen to the junction with the Rockaway River. Terraces can also be found along the
Musconetcong and Raritan rivers. Kettles can be found in Convent Station. Bear Rock, the largest glacial
erratic in New Jersey is located in Pyramid Mountain in Kinnelon.

South of the terminal moraine evidence of the glacier exists in flat outwash plains formed by meltwaters
coursing southward. Such depaosition occurred along Beaver and Weldon Brooks, and the M usconetcong and
Pequannock River valleys. Other plains formations include the Succasunna Outwash Plain, drained by
Drake's Brook, atributary of the North Branch of the Raritan, and the plains of Morris Plains.

Management Considerations

Theevolving landforms of ridges, sopes, valleys, floodplains and surface water bodies represent foundations
of ecosystems. Thesetopographic features, though unquestionably valuable, suffer gaps within the network
of environmental protection. Wetlands and floodplains receive legislative and regulatory support. Steep
slopeslegislation has been and continues to be debated on a State basis. Scenic vistas may be protected on
thelocal level.

Protection of these resources servefunctional, habitat as well as aesthetic values. Erosion, flooding, cave-ins
are discussed throughout this document. Their interrelationships within ecosystems are carried over in their
symbiotic roles as agents of human derived hazards.

Impacts from Natural Hazards

Flooding, although a necessary and natural dynamic in riverine ecosystems, presents a hazard to inhabited
aress, flushing out both animal and human residents, and causing significant property damage. The Towns
of Boonton, Dover, and Morristown, the Borough of Lincoln Park and Denville, Long Hill, Parsippany-Troy
Hills, and Peguannock Townships have long suffered the consequences of flooding.

Human Derived Hazards

Steep slopes figure into erosion, sedimentation and associated stormwater issues. For the purposes of this
document steep slopes arethose 15% or greater (Figure4). Soils serve as the mobilized agent of disturbance.
As such, stormwater management issues regarding water quality will be further explored in the soils chapter.
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Floodplains normally serve as storage aress for rivers' overflow. However, our filling in activities and
transitioning of land cover to impervious surfaces has detracted from their storage abilities, resulting in
flooding problems throughout the county, particularly Denville, Dover, Lincoln Park, Long Hill and
Pequannock. Historic storm incidence and resultant discharge records for gaging stations within riversin the
county are tabulated in the Surface Water Chapter.

Regulatory Support

® Flood Hazard Area Control Act Rules protect property, water quality and habitat within floodplains

o New Jersey Stormwater Management Regulations address stormwater responses resulting in variations
of conditions within developed and undevel oped watersheds

® The Soil Erosion and Sediment Control Act regulates conveyance of stormwater runoff down slopes,
minimizing erosion

FPlanning Strategies

e |dentify environmentally sensitive features such as floodplains, steep slopes, wetlands, viewsheds

® Prioritize and acquire environmentally sensitive features

® Create a riparian area management plan (encompassing lands adjacent to streams and rivers, including
floodplains with high water tables)

Design Strategies

® Design according to contours of theland
® Minimize disturbance of steep slopes, maintaining maximum extent of forest cover
o Maintain hydrologic regime within floodplains, limiting impervious cover, maximizing vegetative cover

Zoning and Site Flan Ordinances

® Steep slope ordinance

® Stormwater ordinance, limiting impervious coverage in environmentally sensitive areas

e Site Plan Landscaping ordinance requiring replacement of indigenous trees and other vegetation after
construction

FPractices

® Reforestation of disturbed slopes, stream buffers, etc. (e.g., Friends of the Rockaway and N.J. Trout
Unlimited' sriver restoration project in McCarter Memorial Park, Township of Denville).

® Paticipatein State Blue Acres Program (acquisition program for property in the Central
Passaic River Basin floodway), if appropriate, or develop similar buy-back program
locally.

e Township of Washington's ordinance protecting steep slopes and ridgelines by regulating ¢
height and location of development so as not to alter views of same.

o Conversion of asphalt parking lot to vegetated buffer along the Whippany River on Center
Street in Morristown (Urban Conservation Action Partnership, Inc.).

* Canada Violet
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Glossary
DELTAS triangular-shaped glacial deposits at rivermouths
GLACIAL ERRATICS large, isolated boulders
HUMMOCK A low mound or ridge of earth
KAMES low conical hills of glacial drift
KAME TERRACES deposited between a glacier and valley
KETTLES bowl-shaped depressions caused by a slow melting piece of ice
RIPARIAN AREA istheland adjacent to creeks, streams, and rivers, including floodplains with higher water

tables. These areas affect annual and seasonal quantity and quality of water as well as provide habitat to
wildlife, especialy migratory species.

* Narrow-Leaved
Vervain

1U.S. Department of Agriculture. Natural Resources Conservation Service. Riparian Areas, Regional
Distinctions and Disturbances, NRCS/RCA Issue Brief 12, Jan. 1997.
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Soils

Introduction

For thousands of years, soil has provided us with a growth medium to produce life-sustaining food, support
for our shdters, and a haven for our spent mortal forms. As civilization advanced both in numbers and
standard of living, soil was, and continues to be, relied on to detoxify our by-products, feed a burgeoning
world population, and house buildings, bridges, highways, etc.

The Geologic Connection

Soil's lineage spans the millennia. The very processes that worked to create Morris County's unique geologic
and physiographic framework continued in the formation of soil. The combined factors of climate,
topography, type of bedrock, vegetation, and indigenous organisms, created a substrate determining future
land appearance, habitat, and human activity.

Using our geologic map as a foundation, we are able to make a connection with the soil types of today and
theunderlying parent material. The hard quartz grains of the Highlands' gneissic bedrock evolved into coarse
sand-grained loam. The Piedmont's layered sandstone, soft red shale, and siltstone weathered into shale
consisting mostly of silt or finesand. The basalt of the Watchungs yielded a soil with silt loam or sand loam
texture. Glacial Lake Passaic's floor consisted of deposits of fine-textured silt and clay. A Generalized Soil
Map of Morris County can be found on page 3-2. Appendix A lists all individual soil names and
abbreviations found within the county.
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Morris County
Generalized Soil Map

Ifow: Comty Soils - ) - I
Glacial Lake &edmu et - v - 4 5 Mies
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B Ol GlcinlDeposits

Youmg Glwial Till
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As destribed in the Soil Survey of Morris County, New Jersey, soil associations formed within Glacial L ake
Sediment occur throughout the county inlow lying areas. They consist of wet organic soils, wet clayey soils,
and wet or dry gravelly sandy loams. Soil associations formed within Old Glacial Deposits are located on
uplands and in valleys, in the southern and southwestern parts of the county. These soils are mostly loamy
and deeply weathered, having more clay in the subsoil than in the surface layer. Soil associations formed
within Young Glacial Till arefound on ridges and in valleys. They are gravelly and extremely stony sandy
loams underlain by glacid till that ranges from gravelly loamy sand to silt loam.
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The Ecosystem

Soil isan integral component in thelocal and regional ecosystems. Linked to water, flora, fauna, and humans,
it is the medium in which a host of plants and animals engage in symbiotic relationships. While appearing
stagnant, soil and its precursors are actually dynamic. Lichens, plant roots, and freezing water break parent
material apart into increasingly smaller units. Fungi and bacteria decompose organic matter, releasing
nutrients, and developing soil structure. Animals such as mice, moles, millipedes, wood lice, ants,
earthworms, termites, and centipedes migrate through soil, mixing up and aerating the various layers. Plant
roots enable soil aeration as well as provide nutrition via decomposition.

Soil Compoaition

Chemical, physical, and biological processes have resulted in vertical aggregations known as soil profiles.
The sail profile, as depicted on page 3-1, has been broken down into the following horizons:

‘€ topsoil or A horizon: layer of intense weathering; rich in organic matter

‘€ subsoil or B horizon: reaching a depth of 25 - 36 “; experiences some weathering;
receives partialy chemically altered materials from A horizon

‘€ parent material or C horizon:  does not undergo much change

€ R layer: bedrock

Soil Component5

Thereasons soil does what it does are explained by its components, their properties, and the way that these
parts work together. The three major components of soil are sand, clay, and silt. They form multiple
combinations, e.g., gravely loam, sandy loam, silty clay, etc. Combined in varying proportions, these
ingredients are responsible for soils' specific characteristics and properties, e.g., texture and erodibility.
“Water moves detached clay particles more readily than particles of silt or sand, but clay particle bonds are
generally stronger than those of silt and sand, so soils with a high content of clay may be quite resistant to
erosion.” *

Soil Pr0p6r'ti66 and Characteristics

There are many properties and characteristics pertinent to the construction and longevity of roads,
transportation facilities, infrastructure, foundations for buildings, irrigation systems, and septic systems. It
isdear from thelisting how interrdated so many of the functions are. Examples of propertiesinclude: grain
Size, color, steepness of slope, depth to bedrock, stoniness, organic matter content, erodibility, likelihood of
compaction, structure (influencing movement of water), texture (affecting soil porosity and permeability to
air and water), degree of wetness, permeability, susceptibility to flooding, seasonal high water table, clay
content (affecting water and ion absorption capacity, soil structure and permeability to air and water) and
shrink-swe | potential. Appendix B provides a generalized representation of soil suitability for specific land
uSes.

'U.S. Department of Agriculture. Soil Conservation Service. Soil Erosion By Water,
Agriculture Information Bulletin 513, Aug. 1987.
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Management Considerations

Soil is subject to migration viaice, wind, and water. Human activities have exacerbated the effect of these
natura forces. We have flattened and created new slopes, cut and fill, removed stones and boulders, mixed
horizons by plowing the land, added fertilizers, landscaped, and imported and exported soils. Many of these
activities have resulted in environmental and economic impacts including degraded water quality, reduced
infiltration, increased flooding potential, and habitat destruction. Conversaly our efforts in soil conservation
have benefitted agricultural lands, vegetated lands, animal habitat, which in turn enhances species diversity,
surface water quality, aquifer recharge capability, and flood attenuation.

Impact5 From Natural Hazards

The primary impacts associated with soil are erosion and sedimentation. Soil properties determining soils
erodibility include: texture, slope, soil structure, and organic matter content. A rather simple process, erosion
can have devastating affects. Its evolution consists of 3 phases:

®  raindrops or flowing water break natural physical and chemical bonds between soil particles
o  surfaceflow carries particles downslope
®  aserosiveenergy of water diminishes, soil particles are deposited as sediment

Therate of erosion depends on:

® thetypeand amount of rainfall

® thelength and steepness of slope

® theerodibility of soil

® |andcover - bare soil is most vulnerable to erosion

Human Derived Impacta

Erosionisbelieved to be the largest source of pollution in our waterways. While a natural dynamic, human
intervention by way of clearing land, farming activities, and many development-related activities, has
accelerated the pace. Impacts, secondary to erosion and sedimentation, include:

loss of flood water storage

degradation of wildlife habitat

degraded ground water quality (increased nutrients, toxics)

degraded surface water quality (increased nutrients, toxics, turbidity)
changes in stream morphol ogy

silting of water bodies and reservoirs / / /
clogging of storm drains and detention basins /

loss of agricultural productivity /// // /? / //

undermining of roads and bridges

€« € € T L T LK

Sedimentation degrades the receiving water column, and clogs sewer lines, storm drainage systems,
waterways, reservoirs, floodplains and associated habitats. Sediment serves as a vehicle for contaminants,
reduces oxygen content, alters normal drainage flow, and reduces recreation and scenic value. Nutrients
attached to sediment can stimulate algae growth which blocks sunlight. These alterations imperil aguatic
plants and wildlife, and conseguently the cleansing mechanisms vital to maintaining the integrity of the
stream.
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I nfiltration, a function of soil permeability, has critical implications for ground water recharge, septic
suitability, and stormwater management. Because ninety-five percent of Morris County's potable water is
supplied by ground water, rechar ge protection is a priority. Dueto therolesthat soils play in the hydrologic
regime, it is possibleto assess areas in terms of potential for, and volume of, ground water recharge utilizing
soils, climate, and land use/land cover data.?> This methodology was tested by the County Planning Board
on the Black River watershed (tributary to the Raritan). The resulting map depicts areas of poor, moderate,
and excedllent recharge potential (Figure 1).

4% Poor (<20")
Moderate (<20" to <30")
Il Excellent (>30")

D Surface Water and
Hydric Soils
(recharge not
evaluated)

I
4000 FT

Figure 1 - Ground Water Recharge Potential - Black River Water shed

2Emmanud G. Charles and others, A Method for Evaluating Ground-Water-Recharge Areas
in New Jersey, N.J. Geological Survey Report GSR-32, 1993.
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Stormwater runoff is a significant planning issue because of its role in erosion, flooding, and nonpoint
source pollution. Once again, soil’ s structure and texture determine the fate of infiltrating water as well as
the volume of air space between particles (allowing for greater infiltration rates). The less theinfiltration
capacity, the more runoff carrying sediment, fertilizers, and pesticides, culminating in greater likelihood for
erasion, flooding and water quality degradation. Sediment can ddliver nutrients to water bodies contributing
to algae growth, blocking sunlight, and endangering aquatic plants and wildlife.

Wastewater treatment achieved by septics, again relies on the infiltration capacity of soils. Utilizing the
same ground water as that which provides potable water, it is essential that these systems are located where
soil structures allow moderate vertical water movement. Adeguate flow of effluent enables the needed
filtration, and biological and chemical treatment before reaching the water table.

Ideally soils should be unsaturated, have pores that are fine, yet large enough for oxidation. When soils are
either too coarse or saturated, mechanical and biological filtering are impeded, jeopardizing the interfacing
water table. The ensuing potential for health hazards is very redl if the soils are not able to treat pathogens,
Nitrogen, Phosphorous, as well as other contaminants.

Plate 5 depicts areas which currently are, or are intended to be, sewered, with the balance of the area
representing septic rdiance.  Table 1 lists soils unsuitable for septic systems. Conversdly, soils suitable for
septics in Morris County areillustrated on page 3-7 (Figure 2). All highlighted areas reflect both soils that
are suitable for septic systems as well as areas that are not currently, or planned to be, sewered.

Table One - Soils With Severe Limitations For Septic Tank Absorption Fields®

Adrian: Ad Muck: Ms, Mu

Alluvia land: Ae, Am Neshaminy: NfD

Barley: BaA, BaB Otisville: OtD

Biddeford: Bd Parker: PbD, PeD, PfE

Boonton: BpC Parsippany: Ph, Pk

Cdifon: CaA, CaB, CaC, ChB, CcB, CcC Penn: PnB, PnC, PoD

Carlisles Cm Pompton: PXA, PtB

Cokesbury: CoA, CoB, CsB Preakness. Pva

Edneyville: EdD Preakness variant: Pw

Ellington variant: EIB, EIC, EID Reavillevariant: ReB

Haledon: HaB, HaC Ridgebury: RgA, RIB

Hiberniaa HbC, HID Rockaway: RrD, RsC, RsD, RsE

Holyoke: HoC, HrE Rock outcrop: Rt, RvF

Klinesville: KIE Turbotville: TuA, TuB

Madeland: Ma Urban land: Uh, Um, Un, UrD, Uw

Minoa MIA, MIB Whippany: WhA, WhB, WIA, WIB
Whitman: Wm

%U.S. Department of Agriculture. Soil Conservation Service. Soil Survey of Morris County,
New Jersey, Aug. 1976.
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Sewer Service Areas

Legend

S Sewered Areas
F Future Sewered Areas (Adopted by NJDEP)
P Proposed Sewered Areas (Under review by NJDEP)

!
/
= A\
\ \ SOURCES:
2 —
. . Wastewater Management Plans (WMP) with NJDEP adoption dates:
Chatham Township WMP (Adopred 8/27/93)
Chester Borough WMP (Adopted 10/23/86)
Chester Township WMP (Adopted 9/ 2/88)
Florham Park Borough WMP (Adopted 10/23/91)
Hackettstown MUA WMP (Adopted 2/23/88)

Hanover Township WMP (Adopted 12/22/87)
Jferon Tomlp WP (Dot docnen: ee) ﬂﬁm 1997 Natural Resource Inventory
Morris Township WMP (Draft document used)? L __ ‘-° .
F——e—— " M Ao S WM (Adoned3/26/08) by County-of Morris, New Jersey
M. Olive Township WMP (Adopted 4/29/94)

& Morris County Planning Board

Musconetcong Sew. Auth, WMP (Adopted 8/10/93)
Parsippany Troy-Hills WMP (Adopted 5/15/96)
PLPFSAY WMP (Adopted 9/ 5/91)
D — PRERSA* WMP (Adopted 6/24/9 1)
. RVRSAS WMP (Draft document used)®
0 I 2 3 4 5 Miles Roxbury Township WMP (Adopted 8/17/87)
Washington Township WMP (Adopted 5/15/91)
BN 2020202 2SSaaaw 20 sseaas 00 | ' Adopted 3/19/93, document being requested
" * Under Revlew by N]DEP as of September 1997
0 | 2 3 4 5 é 7 Kllome[ers * Pequannock, Lincoln Park and Fairfield Sewerage Authority

* Pequarmock River Basin Regional Sewerage Authority
* Rockaway Valley Reglonal Sewerage Authority
#Under Review by N]DEP as of September 1997

PLATE 5: Sewer Service Areas
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Regulatory Support

® The Soil Erosion and Sediment Control Act regulates conveyance of stormwater runoff down slopes,
minimizing erosion

FPlanning Strategies

® FErosion and sedimentation plans including mapping areas prone to erosion

® Stormwater management plan addressing water quality and quantity, enhancing water infiltration

® Ground water recharge analyses and management plan including location of recharge areas, permeability
of soils, ground and surface water interchange, and potential sources of contamination

® | and cover analyses indicating areas suitable for ground water recharge

® Hydric soilsidentification as part of overall habitat evaluation

® Stream corridor protection and restoration plan including suitability determination for vegetative buffers
based on resident soils. Stabilizing stream banks will deter erosion and sedimentation.

® Species diversity management plan identifying potential for habitat enhancement

® Open space and recreation plan locating active and passive recreation according to soil’ s sensitivity to
compaction and erosion

® Tree protection and re-forestation plan

® Septic system management plan

Design Strategies

Development performance standards suitable for specific environmental constraints including:

‘® highly erodible soils ‘€ potential rapid runoff areas
€ primeinfiltration areas ‘€ prime aquifer recharge areas
‘€ prime agricultural land ‘¢ floodways

‘€ freshwater wetlands ¢ flood fringe areas

Zoning and Site Flan Ordinances

® Soil Erosion and Sediment Control ordinance in areas outside of Natural Resources Conservation District
jurisdiction
® Septic Management District ordinance establishing maintenance measures, including pumping

FPractices

® Township of Chatham'’s ordinance establishing a management program for individual subsurface sewage
disposal systems. Stipulations include restrictions on use, substances disallowed for disposal, and
maintenance of disposal fields.

® Rockaway River restoration project at McCarter Park in Denville where erosion and excess geese feces
were degrading the river corridor; streambanks were revegetated with shrub and tree plantings. (Urban
Conservation Action Partnership, Inc.)

® Rockaway River greenway development in Dover. Through the facilitation of the Urban Conservation
Action Partnership, the Dover Rockaway Railway was regligned. Fill, pavement and ballast were removed
while native trees and shrubs were planted. The result was recovery of some of the channel’ s flood storage
and theinstallation of a greenway trail.
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® Conservation Landscaping to reduce erosion, water consumption, and enhance wildlife habitat

‘® Retain native species in undisturbed areas
‘€ Useflat stones, interlocking or lattice pavers (flagstone, bluestone, or granite) to enableinfiltration
‘¢ Revegetate disturbed areas with indigenous species (requires minimal or no maintenance)
‘® Use drought resistant vegetation
‘® Retain moisture e.g. using mulch
‘€ Minimize lawn areas (less fertilization needed)
‘€ Utilize alternative ground covers
» pachysandra, ivy, periwinkle, and other ground covers are low maintenance and drought resistant
» tall and fine fescues (drought tolerant)
» perennia or sdlf-sowing wildflowers
» low growing deciduous or evergreen shrubs; trees
» crown vetch on steep sunny slopes
»  meadows
‘€ Fortify soil with compost, and organic matter
‘® Measure and time frequency of fertilizer applications based on soil testing
‘€ Control pests by encouraging beneficial insects e.g.: ladybugs, praying mantises
‘€ Control pests by practicing companion planting e.g.: marigolds and tomatoes
‘€ Employ Integrated Pest Management (achieve pre-determined pest and damage levels)
‘€ Test soil asbasisfor fertilization practices

Examplesinclude:

® S0il conservation measures at Alstede Farmsin Chester Township. A grassed waterway adjacent to Route
206 was installed to prevent continued gully erosion in the field. Stormwater along the roadway is
conveyed into a catch basin, exits from aculvert into the field, and runs through the waterway. Additional
conservation measures include; strip cropping, residue management, cover crops, crop rotation, grass
waterways, vegetative filter strips, irrigation pond.

® Soil conservation messures at Robert Jenkinson Nursery, Inc., in Washington Township include; grassed
terraces; grass waterways, drainage tiles; irrigation mainlines; grass buffer strips.
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Glossary

PERMEABILITY isthesail's ability to transmit air or water.

SEASONAL HIGH WATER TABLE isthe upper limit of the shallowest zone of saturation which occurs
inthe soil (N.JA.C. 7:9A-5.8).

SOIL CONSISTENCY isthefed of soil, asdry, moist, or wet.
SOIL STRUCTURE isthe arrangement of soil particles, resulting from the ongoing processes of moistening,
drying, and aeration provided by plants and animals. Soil structure influences water movement: horizontal

and vertical. Implications are manifest in drainage, infiltration, and septic suitability.

TEXTURE reflects percentages of sand, silt, and clay; determine soil porosity and permeability to air and
water.

WATER TABLE is the upper surface of a zone of saturation (Chapter 9A Standards for Individual
Subsurface Sewage Disposal Systems, cite 21 N.J.R. 2597).

*  Whorled Water-
Milfoil
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Appendix A

Soils Found In Morris County"

Ad Adrian muck

Ae Alluvia land

Am Alluvia land, wet

AnB  Annandale gravelly loam, 3 to 8 percent slopes

AnC  Annandale gravelly loam, 8 to 15 percent slopes

BaA  Bartley loam, 0 to 3 percent slopes

BaB  Bartley loam, 3 to 8 percent slopes

BbC Bartley gravelly loam, 8 to 15 percent slopes

Bd Biddeford silt loam

BoB  Boonton gravelly loam, 3 to 8 percent dopes

BoC Boonton gravelly loam, 8 to 15 percent slopes

BpC Boonton and Haledon extremely stony soils, 8 to 15 percent slopes
CaA  Cdlifon loam, 0 to 3 percent Slopes

CaB Cdlifon loam, 3 to 8 percent slopes

CaC  Cadlifon loam, 8 to 15 percent lopes

CbB  Califon gravelly loam, 3 to 8 percent dlopes

CcB  Cadlifon very stony loam, 2 to 8 percent dopes

CcC  Cdlifon very stony loam, 8 to 15 percent dopes

CdB  Califon loam, friable subsoil variant, 3 to 8 percent slopes
Cm  Carlidemuck

CoA  Cokesbury gravelly loam, 0 to 3 percent slopes

CoB  Cokesbury gravelly loam, 3 to 8 percent slopes

CsB  Cokeshbury extremely stony loam, O to 8 percent Sopes
EdB  Edneyville gravelly loam, 3 to 8 percent slopes

EJC  Edneyville gravelly loam, 8 to 15 percent dopes

EdD  Edneyville gravelly loam, 15 to 25 percent slopes

EIB  Ellington fine sandy loam, loamy subsail variant, 3 to 8 percent slopes
EIC  Ellington fine sandy loam, loamy subsail variant, 8 to 15 percent dopes
EID  Ellington fine sandy loam, loamy subsoil variant, 15 to 25 percent slopes
HaB  Haedon silt loam, 3 to 8 percent slopes

HaC  Haedon silt loam, 8 to 15 percent Slopes

HbC  Hiberniastony loam, 3 to 15 percent slopes

HID  Hiberniavery stony loam, 15 to 25 percent sopes

HoC  Holyokerocky silt loam, 5 to 15 percent slopes

HrE  Holyoke-Rock outcrop complex, 15 to 35 percent sopes
KIE  Klinesville shay silt loam, 25 to 35 percent slopes

Ma Made land, sanitary land fill

MIA  Minoasilt loam, 0 to 3 percent slopes

MIB  Minoasilt loam, 3 to 8 percent slopes

Ms Muck, shallow over clay

Mu Muck, shallow over loam

NeB  Neshaminy gravelly silt loam, 3 to 8 percent slopes

NeC  Neshaminy gravelly silt loam, 8 to 15 percent slopes
NfD  Neshaminy very stony silt loam, 15 to 25 percent slopes
NtB  Netcong gravelly sandy loam, 3 to 8 percent slopes

NtC  Netcong gravelly sandy loam, 8 to 15 percent slopes

OtC  Otisville gravelly loamy sand, 3 to 15 percent dopes

OtD  Otisville gravelly loamy sand, 15 to 25 percent slopes
PaC  Parker gravelly sandy loam, 3 to 15 percent slopes

PbD  Parker very gravelly sandy loam, 15 to 25 percent slopes

Narrow-Leaved
Gentian

Yy.s. Department of Agriculture. Soil Conservation Service. Soil Survey of Morris County, New Jersey, Aug. 1976.
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PfE
Ph

PIB
PIC
PnB
PnC
PoD

PtB
PvA

ReB
RoA
RIB
RmA
RmB
RmC
RnB
RoB
RoC
RpC
RrD
RsC
RsD
RsE
Rt
RVF
TuA
TuB
Ua
Ub
Ue
Uh
Uk
Um
Un
Up
urC
urD
Uw
WaB
WhA
WIA
WIB
Wm

Parker-Edneyville extremely stony sandy loams, 3 to 15 percent slopes
Parker-Edneyville extremely stony sandy loams, 15 to 25 percent slopes
Parker-Rock outcrop complex, 20 to 35 percent slopes
Parsippany silt loam

Parsippany silt loam, sandy loam substratum

Pattenburg gravelly loam, 3 to 8 percent slopes

Pattenburg gravelly loam, 8 to 15 percent slopes

Penn shaly silt loam, 3 to 8 percent opes

Penn shaly silt loam, 8 to 15 percent dopes

Penn-Klinesville shaly silt loams, 15 to 25 percent slopes

Pits, sand and gravel

Pompton sandy loam, O to 3 percent Sopes

Pompton sandy loam, 3 to 8 percent Sopes

Preakness sandy loam, 0 to 4 percent slopes

Preakness sandy loam, dark surface variant

Reaville shaly silt loam, deep variant, 0 to 5 percent Sopes
Ridgebury very stony loam, 0 to 3 percent slopes

Ridgebury extremely stony loam, 3 to 10 percent slopes
Riverhead gravelly sandy loam, O to 3 percent Slopes

Riverhead gravelly sandy loam, 3 to 8 percent slopes

Riverhead gravelly sandy loam, 8 to 15 percent slopes

Riverhead gravelly sandy loam, neutral variant, 2 to 8 percent slopes
Rockaway gravelly sandy loam, 3 to 8 percent slopes

Rockaway gravelly sandy loam, 8 to 15 percent slopes

Rockaway very stony sandy loam, 3 to 15 percent slopes
Rockaway extremely stony sandy loam, 15 to 25 percent dopes
Rockaway-Rock outcrop complex, 3 to 15 percent slopes
Rockaway-Rock outcrop complex, 15 to 25 percent Sopes
Rockaway-Rock outcrop complex, 25 to 45 percent Sopes

Rock outcrop

Rock outcrop-Rockaway complex, steep

Turbotville loam, 0 to 3 percent slopes

Turbotville loam, 3 to 8 percent slopes

Urban land

Urban land, wet

Urban land-Edneyville complex

Urban land-Haledon complex

Urban land-Neshaminy complex

Urban land-Penn complex

Urban land-Preakness complex

Urban land-Riverhead complex

Urban land-Rockaway complex, gently soping and sloping
Urban land-Rockaway complex, moderately steep

Urban land-Whippany complex

Washington loam, O to 8 percent slopes

Whippany silt loam, 0 to 3 percent Slopes

Whippany silt loam, sandy loam substratum, 0 to 3 percent slopes
Whippany silt loam, sandy loam substratum, 3 to 8 percent slopes
Whitman very stony loam

* Slender Cotton
Grass
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Appendix B

Soil Suitabilities

Foundations Lawns, Septic tank Roads and Athleticfieds
for dwellings gardens, and absorption parking lots
golf fairways fieds
Adrian: Ad Poor Poor Poor Poor Poor
Alluvia: Ae Poor Poor Poor Poor Poor
Am Poor Poor Poor Poor Poor
AnnandaleeAnB | Good Good Fair Fair Poor
AnC Fair Fair Fair Fair Poor
Bartley: Fair (Good if no | Good Poor Poor Fair
BbC Fair Fair Fair Poor Poor
Biddeford: Bd Poor Poor Poor Poor Poor
Boonton: BoB Fair (Goodif no | Fair Fair Poor Fair
BoC Fair (Good if no | Fair Fair Poor Poor
BpC Poor (Fair if no Poor Poor Poor Poor
Cadlifon: CoA, Poor (Fair if no Fair Poor Poor Poor
CoC Fair Fair Poor Poor Poor
CcB, CcC Fair Poor Poor Poor Poor
Cdlifon variant: Poor (Fair if no Fair Fair Poor Poor
Carlisle: Cm Poor Poor Poor Poor Poor
Cokesbury: Poor Poor Poor Poor Poor
CsB Poor Poor Poor Poor Poor
Edneyville: EdB | Good Fair Good Fair Poor
bid.
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Soil Series Foundationsfor | Lawns, gardens, | Septic tank Roads and Athletic fields
dwellings and golf absorption fields | parking lots
fairways
EdC Fair Fair Fair Fair Poor
EdD Poor Poor Poor Poor Poor
Ellington Fair Fair Poor Poor Poor
variant: EIB
EIC Fair Fair Poor Poor Poor
EID Poor Poor Poor Poor Poor
Haledon: HaB Poor (Fair if no Fair Poor Poor Poor
basement)
HaC Poor (Fair if no Fair Poor Poor Poor
basement)
Hibernia: HbC Poor (Fair if no Fair Poor Poor Poor
basement)
HID Poor Poor Poor Poor Poor
Holyoke: HoC Poor Poor Poor Poor Poor
HrE Poor Poor Poor Poor Poor
Klinesville: KIE | Poor Poor Poor Poor Poor
Made land: Ma Poor (Fair if no Fair Poor Fair Good
basement)
Minoa: MIA, Poor (Fair if no Fair Poor Poor Poor
MIB basement)
Muck: Ms, Mu Poor Poor Poor Poor Poor
Neshaminy:NeB | Good Fair Good Fair Poor
NeC Fair Fair Fair Fair Poor
NfD Poor Poor Poor Poor Poor
Netcong: NtB Goaod Fair Goaod Good Poor
NtC Fair Fair Fair Fair Poor
Otisville: OtC Fair Poor Good Good Poor
OtD Poor Poor Poor Poor Poor
Parker: PaC Fair Fair Fair Fair Poor
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Soil Series Foundationsfor | Lawns, gardens, | Septic tank Roads and Athletic fields

dwellings and golf absorption fields | parking lots

fairways

PbD Poor Poor Poor Poor Poor
PeC Fair Poor Fair Fair Poor
PeD Poor Poor Poor Poor Poor
PfE Poor Poor Poor Poor Poor
Parsippany:Ph, Poor Poor Poor Poor Poor
Pk
Pattenburg: PIB | Good Fair Goad Fair Fair
PIC Fair Fair Fair Fair Poor
Penn: PnB Fair (Good if no | Fair Poor Fair Fair

basement)
PnC Fair Fair Poor Fair Poor
PoD Poor Poor Poor Poor Poor
Pompton: PtA, Poor (Fair if no Fair Poor Poor Poor
PtB basement)
Preakness: PvA | Poor Poor Poor Poor Poor
Reavillevariant: | Poor (Fair if no Fair Poor Poor Poor
ReB basement)
Ridgebury: RgA | Poor Poor Poor Poor Poor
RIB Poor Poor Poor Poor Poor
Riverhead: Good Good Good Good Poor
RmA, RmB
RmC Fair Fair Fair Fair Poor
Riverhead Good Fair Good Good Poor
variant: RnB
Rockaway: RoB | Good Fair Fair Fair Poor
RoC Fair Fair Fair Fair Poor
RpC Fair Poor Fair Fair Poor
RrD Poor Poor Poor Poor Poor
RsC Poor Poor Poor Poor Poor
RsD Poor Poor Poor Poor Poor
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Soil Series Foundationsfor | Lawns, gardens, | Septic tank Roads and Athletic fields
dwellings and golf absorption fields | parking lots
fairways
RsE Poor Poor Poor Poor Poor
Rock outcrop: Poor Poor Poor Poor Poor
Rt, RvF
Turbotville: Poor (Fair if no Fair Poor Poor Poor
TuA, TuB basement)
Urbanland: Ue | Good Fair Goad Fair Fair
Uh Poor (Fair if no Fair Poor Poor Poor
basement)
Uk Goaod Fair Goaod Fair Poor
um Poor (Fair if no Poor Poor Fair Poor
basement)
un Poor Poor Poor Poor Poor
Up Fair Fair Fair Fair Poor
urC Fair Fair Fair Fair Poor
urD Poor Poor Poor Poor Poor
Uw Poor (Fair if no Fair Poor Poor Poor
basement)
Washington: Good Goaod Goad Fair Fair
WaB
Whippany: Poor Fair Poor Poor Poor
WhA, WhB,
WIA, WIB
Whitman: Wm Poor Poor Poor Poor Poor
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‘;‘ Montville

f" Netcong &)
Budd Lake A

/ Lamington Cedar Knolls
. Northermn
R : Miltburn
( MORRIS East Hanover Florham Park
'\ J Slough Brook
“\ . ) Chatham 3. Canoe Brook
— o - ‘ ;
\- o - _\ Oakwood Summit

Source: Hydrogeology of the Glacial Deposits of New Jerse
An Applied Field Course, 1992, 79.
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Ground Water

Introduction

We have seen how Morris County's geologic history has resulted in today’ s soils, rocks and landscape. These
factors plus land cover, whether vegetative or manmade, influence water’ s journey through the hydrol ogical
cycle. The complex path ground water travels to reach the underlying aguifers necessitates informed
managing of the variables affecting this vulnerable resource.

The Hydrological Cycle

Thefate of precipitation holds many possibilities as it descends, hitting leaves, dirt, rivers, rooftops, parking
lots, etc. It either evapotranspirates, runs across the landscape toward the nearest body of water, or begins
its migration through the layers of the earth.

Although ground water can be fed from surface water bodies, it is primarily replenished through rainwater
infiltration. Severa factors influence infiltration: topography, soil type, climatic conditions such as
antecedent rainfall and seasonal fluctuations, ground compaction of soil by man and animals as well as
porosity due to tunneling animals and plant roots, and retention due to vegetative cover.

Becausethe county relies heavily on ground water for potable water supplies, understanding and protecting
this resource has become critical. Sometools exist to achieve these goals. The NJ Geological Survey (NJGS)
has devised amethod for evaluating the rate and volume of rainfall likely to recharge ground water by utilizing
climate, land use/land cover, and soils data. NJGS is aso guiding local groups in locating wellhead aress,
plus continuing their own work in refining aquifer recharge area delineations.

49 Ground Water




Traveling With Water

Theworld beow theland’ s surface is described, hydrologically,
interms of zones, each specific in physical structure and role as
avehidefor infiltrating water. First isthe unsaturated zone, or
zone of agration. Most of the pore space is filled with air, but
water occurs in the smaller openings as soil moisture and in a
Water Table capillary fringe (“zone above the water table in which water is
NSNS held by surface tension”) that extends upward from the water
Deeper Saturated : table. After a heavy rain the zone of aeration may become
almost saturated; in along, dry spell it is nearly dry. With the
onset of rain, moisture taken up by plants is replaced;
subsequent percolating rainfall extends beyond the zone of

aeration to the

Land Surface

Upper Unsaturated (zone of aeration)

water table.

Thewater table marks the top of the saturated zone where all the openings are saturated. Having reached this
Zone, rainwater's identity changesto ground water. An understanding of the water table and the thickness,
permesbility, and composition of the overlying unsaturated zone is instrumental in estimating ground water
migration, whether in terms of recharge or movement of contaminant plumes.

All the land area transmitting water beyond the plant root zone, to the ground water, is considered to be the
ground weter recharge area. Thewater table generally follows the topography although ground water divides
do not necessarily mirror surface water divides.

Ground water can recharge aquifers or provide base flow for surface waters. Where ground water meets the
surface it discharges into marshes, lakes, springs, or streams where it resumes its journey through the
hydrologic cydeviaevaporation. Surface water bodies can either gain from or lose to ground water sources.
During dry periods, ground water can provide almost sole support to stream flow. Because of ground water's
interrelationship with surface water, stream flow data can enhance our understanding of regional recharge
rates, aquifer characteristics, and ground water quality and quantity.

Water table, and ground water levels are dynamic, reflecting seasonal and human
imposed influences impacting recharge and discharge. Normally, recharge occurs
during and immediately following precipitation. During early spring, frequent
rainfalls coupled with snowmelt result in rapid increases in ground water storage,
and arise in the water table. Significant recharge also occurs during late fall, and
winter (unless the ground is frozen) when plants are dormant and evaporation is
minimal. In late spring, summer, and early fall, much potential rechargeis lost to
evapotranspiration. Discharge on the other hand occurs continually, although at
varied rates. In addition to normal seasonal fluctuation, long term trends of either
above or below normal precipitation are manifested by arise or fall in ground water
and water table levels, respectively.

1U.S. Environmental Protection Agency, Wellhead Protection: A Guide For Small Communities, 1993.
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Rock Talk

Raock, the parent of soil, contributes dramatically to the fate of rainfall. General classifications include:

® Consolidated - openings consist of fractures, e.g. sandstone, limestone, and granite;
® Unconsolidated - openings consist of pores, e.g. granular material such as sand, gravel, & clay.

In consolidated rock, ground water movement takes place primarily in intersecting fractures and fissures.
Thesefractures and fissures, which have become enlarged by wesathering, may bear considerable water. An
exampleillustrating this dynamic is limestone dissolution. Weathering results in the creation of water soluble
channes, which havethe potentia of developing into tunnels, sinkholes, and caves. These natural phenomena
are both problematic and wondrous.

Unconsolidated deposits are underlain by consolidated rocks, which most often contribute disintegrated
material to the overburden. Ground water generally moves with ease through the spaces among the grains
(e.g., sand and gravel). Silt and clay, however, with very tiny spaces between tiny particles, detain water.
Overall, a greater proportion of recharge and ground water movement occurs in porous unconsolidated
formations (e.g., sand and gravel), than the consolidated formation (e.g., gneiss and shale).

These water-related characteristics, reflect holding capacity and mobility. Por osity reflects the maximum
amount of water that arock is capable of containing within its void spaces. Although fine-grained materials
tend to havethelargest porosities, that doesn't necessitate mobility. Per meability, or hydraulic conductivity,
indicates degree of mobility achieved by size and interconnectedness of the voids.

Primary permegbility refers to the hydrogeologic character of the original formation. Consolidated rock (e.g.,
shales, limestone, many sandstones and most vol canic and metamorphic rocks) have few interconnected pore
spaces, and thus a very low primary permeability. Unconsolidated rock, with its generous pores, has good
primary permeability.

Secondary permesability is caused by the folding, faulting, weathering, compaction, dissolution and de-
cementing of the original formation. These actions accentuate the existing fractures, increasing porosity and
permesbility. Examplesindude limestone and shales which crack along bedding planes, and sandstone which
is de-cemented by water flow.

When Is A Rock An Aquiﬁer?

Although nearly all geologic formations could be considered to be aquifers, the definition has been honed
specifically for human purposes. "Adquifers are geologic formations which have the capability to store and
transmit water which is recoverablein sufficient quantity to be economically useable’ (U.S. Army Corps of
Engineers, 1972).2

Thetwo types of aquiferstypical to thisregion are bedrock and surficial aquifers. Bedrock aquifers consist
primarily of sedimentary and igneous rocks; surficial aquifers consist primarily of glacial and post-glacial
stratified sediments. Although the surficial aquifers are more productive they are not as abundant as the
bedrock aquifers.

°The Passaic River Coalition, The Hydrogeology of the Buried Valley Aquifer System, 1983.
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If an aquifer isbounded by relatively impermeable materialsit is called a confined aquifer. Confining units
include shde, clay, and silt. Confined units are recharged from their outcrop area, slow percolation of water
through the confined units, and underlying and adjacent bedrock. Unconfined aquifers, generally closer to
the surface of the land, are not hemmed in by impermeable materials and are recharged directly from
precipitation. Non-confining units include sand.

The geologic forces which molded the landscape in Morris County also resulted in an irregular layering of
these varying rocks. Many of the lowland areas received unconsolidated deposits over existing consolidated
rock. Where clay and silt were deposited, they form a confining layer over both the unconsolidated and
consolidated rocks. These deposits, resulting in aquifers and confining layers, are pertinent when estimating
ground water movement both in terms of recharge, withdrawal, and migration of contaminants.

Squeezing Water From A Rock

The bedrock map illustrated in Chapter One bears new
significance when its units are assigned values such as
water-bearing capacity asillustrated in Tables One, Two
and Three on the following pages.

Precambrian rocks which are the foundation material for
much of the county have variable degrees of water
productivity depending on the size and number of
intersecting fractures. Increased depth of this rock leads
to less and narrower fractures resulting in less water
bearing capacity (Table One).

Examples of areas served by Precambrian rock aquifers
include the Townships of Jefferson, Morris, and the Precambrian Rock
Towns of Morristown, and Morris Plains.

Paleozoic rock, which run a narrow southwest-to-
northeast diagonal through the county, are generally
apoor source of water, asin the case of shale (Table
Two). A major exception to this, however, is
limestone, which in places has excdlent supply
potential (Table One). Sandstones contribute
modestly, depending on presence or absence of
cementing material. Where sandstone forms ridges it
is assumed that therock is heavily cemented and thus
not water permeable.

Paleozoic Rock
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Table One - Proterozoic and Paleozoic Rock in Morris County
3 S . N . . Hydrogeologic
© 2 3 Stratigraphic Unit Predominant Lithology yArogeoiog
5 0} a Characteristics
o L
Upper . . .
Ordovician Martinsburg Formation slate, siltstone, graywacke
Middle limestone,
L Jacksonburg Limestone argillaceous
5 Ordovician = lrmestone
9 3
3 o
8 %O dolomite,
o Ontelaunee §' limestone
g § Formation p é\ éOlnteIaunee, shale, limestone,
g O R pler) chert (Jutland)
2 . 1
o 8 Epler 2%
7] g Formation =~ =
% < g o sandy dolomite
- a &K Rickenbach *_"3 \g/ (Rickenbach) Ground water occurs along
o . bedding surfaces, joints, faults,
50 Dolomite . L
g solution cavities, intergranular
2 spaces, and cther openings
O >
8 g)_ —g 8 Allentown Dolomite dolomite, calcareous sandstone
- au] hv4
- SV
5 §
‘g 2 -g Leithsville Formation dolomite, calcareous shale
< L 3
O >0
s
< B . arkosic quartzite, conglomerate
¢ £ Hardyston Quartzite (Hardyston)
O )
a0
Byram Intrusive Suite, Lake Hopatcong Intrusive granite, quartz syenite, syenite, Ground water occurs in jointls,
Suite, quartz monzonite, monzonite, and faullts., foliation surfaces, §o|ut|on
Mount Eve Granite granodiorite cavities, and other openings.
“The Precambrian rocks are
% ] generally unproductive aquifers
N Middle quartzofeldspathic and calcareous except where they are fractured
ol Proterozoic Metasedimentary rocks metasedimentary rocks including the | or weathered. The more
*é’ Franklin and Wildcat Marbles productive aquifers of the
o Highlands are the glacial deposits
. . o o and some of the Paleozoic
Losee Metamorphic Suite highly sodic gneissic and granitoid sedimentary rocks.”#
rocks; amphibolite
Sources: New Jersey Geological Survey, Information Circular 1, 1990;
*NJGS, Geologic Map of NJ, 1984.
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Table Two- Paleozoic Rock in Morris Count

GREEN POND MOUNTAIN REGION

. Hydrogeologic
Fra Period CKarac%[e risti:s
Stratigraphic Unit Predominant Lithology
Skunnemunk Conglomerate conglomerate
Bellvale Sandstone sandstone, siltstone, shale
Cornwall Shale shale, siltstone
5 | 1t dst
conglomerate sandstone,
§ Kanouse Sandstone ong
o siltstone
o . Ground water occurs
g Esopus Formation siltstone, sandstone along bedding surfaces,
< joints, faults,
o

Connelly Conglomerate

conglomeratic quartzite

Berkshire Valley Formation

calcareous siltstone,
sitty dolomite, sandstone

Silurian

Poxono Island Formation

calcareous shale, dolomite

Longwood Shale

shale, siltstone

Green Pond Conglomerate

conglomerate quartzite, siltstone

intergranular spaces,
solution cavities, and
other openings.

Table Three - Mesozoic Rock in Morris County

. : : : : : Hydrogeologic
Era Period Epoch Stratigraphic Unit Predominant Litholo S
P grap & Characteristics
Boonton sandstone, siltstone, shale,
o Lower Formation conglomerate
g Jurassic o
= =) Hook Ground water
o g Mountain basalt occurs along bedding
g 5 Brunswick Basalt surfaces, joints,
a § Group intergranular spaces,
> o and other openings.
e Z
é Upper Towaco sandstone, siltstone, shale,
Triassic Formation conglomerate

Source: New Jersey Geological Survey, Information Circular 1, 1990
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Glacial Deposits and Their Permeability

High Permeability Material- Sands and Gravels Low Permeability Material- Silty Clay Mixtures

af  Alluvial Fan Deposits I  Lake-Bottom Sediment:
Deposited on bottoms of glacial lakes. As much as 250
d Deltaic and Lacustrine Fan Sediment: feet thick.

Deposited in glacial lakes. Up to 200 feet thick.
cb Basalt Colluvium:

fl Fluvial Over Lacustrine Sediment: As much as 30 feet thick
Generally a three-layered unit of sand and gravel
overlying fine sand, silt and clay which overlies sand and ws Weathered Shale and Conglomerate:
gravel. Up to 250 feet thick. Shale with a clayey silt matrix, generally less than five feet
thick and conglomerate in sandy silt as much as 30 feet
f  Fluvial Sediment. thick.

Generally less than 50 feet thick.
wb Weathered Basalt:

ic  lce-Contact Sediment: As much as |0 feet thick.
Bouldery nonstratified sediment form hummocky topography,
May be as much as 200 feet thick. wC Weathered Carbonate:

As much as 300 feet thick.

Moderate Permeability Material- Silcy Sand Mixtures

ct Continuous Till:
Up to 200 feet thick. Matrix reflects underlying bedrock.

d

=3

Discontinuous Till:
Similar to ct, but discontinuous; numerous bedrock outcrops.
Generally less than 20 feet thick.

m Morainic Deposits:
Till and minor sand and gravel deposited as ridges and knolls
along former ice margins. Up to 200 feet thick.

it Illinoian Till:
As much as 120 feet thick near Flanders.

jt  Jerseyan Till:
Maximum thickness 30 feet.

cs Shale and Conglomerate Colluvium:
As much as 30 feet thick.

cg Gneiss Colluvium:
As much as 70 feet thick.

cq Quartzite Colluvium:
As much as 30 feet thick.

w( Weathered Quartzite:
Roughly 50 feet thick.

wg Weathered Gneiss:
As much as 100 feet thick.

SOURCES:

Stanford, Scott D., N] Geological Survey. Correspondence,
N O R T H Principal Surficial Materials of Morris County, New Jersey.

T*%ﬁ} 1997 Natural Resource Inventory

o

i, County of Morris, New Jersey
~_» Morris County Planning Board

Stanford, Scott D., N] Geological Survey. Correspondence, March
25, 1997 and April 21, 1997.

. Stanford, Scott D. NJ Geological Survey. Principal Surficial
0 1 2 3 4 5 Miles Materials of Morris County, New Jersey, 1:100,000, Sept. 1991.
| I I .

0 1 7 3 4 5 6 7 Kilometers

PLATE 6: Glacial Deposits and
Their Permeability



Triassic/Jurassic rocks, in the southeastern third of the county,
provide good water supply by way of well-fractured sedimentary
units of shale and sandstone (when lacking cement); basalt of the
Brunswick group, is a poor provider (Table Threg). The
sedimentary units contain aquifers supplying portions of
Hanover, Harding, Long Hill, and Morris Townships, and the
Town of Morristown.

Quater nary sediments, deposited by the glaciers, overlie much
of the bedrock. The deposits can consist of any or all of the
following: dlay, silt, sand, gravd, and boulders. Clay and silt are
normally considered confining layers; sand and gravel are
generally excellent water bearers. Ground water occurs in both Triassic/Jurassic Rock
confined and unconfined conditions depending on presence or

absence of a confining layer of clay or silt (Table Four).

Table Four - Cenozoic Rock in Morris Count

o
o}
© g : : . . . . -
L kY Epoch Stratigraphic Unit Predominant Lithology Hydrogeologic Characteristics
alluvial, coastal, march, |sand, gravel, silt, mud, and under water-table conditions at most
Holocene . . .
o > and wind-borne deposits | peat locations
o | &
el g
g | 5
o Wisconsinan and pre-
Wisconsinan alluvial, sand, gravel, silt, clay| Includes elacial buried-valley aquifers
Pleistocene | colluvial, glacial, (statewide), til and tillike g Y AQUISTS.
lacustrine, and wind- deposits (northern New Jersey)
borne deposits

Source: New Jersey Geological Survey, Information Circular 1, 1990

A Moraine Runs Through It

A significant piece of Morris County's heritage was its role as host to
traveling glaciers. The composition, location, and layering of glacial and
postglacial deposits, created varied and unique hydrogeologic conditions
manifested by a broad range of aquifer productivity as summarized in
Table Five. Plate 6 depicts glacial deposits. The terminal moraine is
itsdf not an excellent water bearing unit, as much as a point of reference
for adjacent deposits constituting significant formations.

Termina Moraine
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Table Five - Hydrogeologic Characteristics of Glacial Deposits

DEPOSITS LOCATION COMPOSITION CHARACTERISTICS

SN PRE
—

very productive if thick unit

can act like semi-confining

fine- ralned sand unit
till scattered non-stratified & non-sorted minor aquifer or semi-
material; silt, sand, gravel & boulders confining unit
morainal along ice margins till minor aquifer or semi-

confining unit
Source: NJ Geological Report Series 34, Ground-Water-Withdrawal and Water Level Data for the Central Passaic River
Basin, New Jersey, 1898-1990, 1994.

Detaic and lacustrinefan, fluvial, and lake-bottom sediments can be grouped together as stratified drift.
Deposited by glacial meltwater, stratified drift is more uniform and better sorted than tills, which were
deposited directly by theglacier. Coarse-grained, well sorted, saturated stratified drift is often associated with
highly productivity aquifers.

Till is present as both terminal and ground moraine. Theter minal mor ainic deposits, although moderately
permesble, areof such athickness asto yidd significant amounts of water. The ground moraineis not nearly
as productive.

Near the glacier, sediments deposited from meltwater are commonly interlayered with till and are highly
variable both vertically and horizontally. Farther from the glacier, sediments are more uniform.

Poorly sorted sands and grave's, which have fine particles filling spaces between larger grains, may yield only
small quantities of ground water.

Slow moving meltwater deposited fine-grained sand, silt, and clay in lakes and ponds. Thick deposits often
act as confining layers to permeable water-bearing zones.

Postglacial materials consisting mainly of sand, grave, silt, mud, and peet, often act as a semiconfining unit.

Buried Valleys

Preglacial and glacially deepened river valeys becamefilled with glacial sediments. These buried valleys have
been the subject of investigation because of their excellent water-bearing capabilities, particularlywhere filled
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with clean sand and grave.

The buried valeys are

represented in Figure 1. a5
Deposition variation within ”
the buried valleys affect
productivity. Buried
valleys filled with
unconsolidated sediments,
are the most productive
ground water suppliers.
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Although the buried valleys could be considered to be one large system, hydraulically connected to each other
as well as to the underlying bedrock aquifers, they have been segmented for investigative purposes.

The Central Passaic River Basin

The Central Passaic River Basin is demarcated by the Ramapo Fault to the west and Second Watchung
Mountain to the northeast, east and south (Figure 2). A thin band of ddtaic deposits (sand and gravel) to the
south of theterminal moraine, extending from Long Hill to Morristown, is believed by NJGS Hydrogeol ogist
Jeffrey Hoffman to be hydraulically connected to those to the north. The deposits on the south side are
exposed, serving as recharge to the northern valley, which is confined by alayer of fine-grained sediments.
Hoffman suggests that the high degree of vertical permeability of the outcrop areaindicates an ability to
accommodate recharge in addition to that from direct precipitation.

The outstanding value of this recharge arealeads to land use questions. In addition to preservation efforts,
future development and/or storm water management strategies could be designed to maintain, and even
enhance, pre-deve opment levels of runoff. Possible design would utilize the undevel oped portion of the land
to accentuate recharge, by way of sewers along roads, and appurtenant detention and recharge basins with
corresponding post-development maintenance agreements. Another strategy would be diverting runoff for
recharge to a neighboring acre of the same geologic composition.

Areas with glacial deposits of till and lake-bottom clay are not suited to enhanced recharge because these
sediments recharge at a much slower rate. It is till and clay's limited ability to promote vertical water
movement that predisposes the formation of wetlands.
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Figure 2 - Major Physiographic Features and Boundary
of the Central Passaic River Basin

Source: N.J.G.S., Geological Survey Report GSR 34, 1994.

Thewetlands within the Central Passaic River Basin exhibit varying hydrologic behaviors. Troy Meadows
in East Hanover serves as a ground water dischar ge on its western edge and ground water r echar ge to the
east. Both the Great Swamp and Great Piece Meadows lie atop lake-bed sediments confining the underlying
aquifers. TheBogand Vly, Lee, Troy, and Black Meadows experience ground water interchange depending
on water levels of the aquifer.

Inthe swamp areas that are underlain by clay and silt, discharge of ground water to the streamsiis restricted
by low permeability of the materials and the dlight hydraulic gradients. During the vegetative growing season,
most of the ground-water discharge occurs as evapotranspiration. Thus, dry-weather stream flow is not
augmented significantly, but may even be reduced.
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Extensive withdrawal from the buried valleys has affected ground water flow. Significant drawdownsin the
surficial aquifer system have occurred and declining water levels have been noted in all wells for which long-
term records were available. As ground water divides have moved away from pumping centers more recharge

is being induced into the aquifers.

Typical discharge behavior (upward flow to surface followed by

evaporation, transpiration or discharge to a surface water body) is diminished. Aswater is withdrawn from
aquifers and then discharged to surface waters as waste, or pumped for export from the basin, it is unavailable

for recharge.

The Eastern County

Two buried valleys (East Hanover and North
Two buried valleys (East Hanover and North
Millburn) extend through the eastern portion
of the county converging in East Hanover
(Figure 3). They are filled mainly with
stratified drift (sand and gravel) deposits, and
areinterbedded with discontinuous confining
clay layers.

A segment of clay layer extends beneath
Sharkey's Landfill. Glacial till is aso
present, acting as a confining or semi-
confining layer to the stratified drift. “Yields
of individual wells in the thickest sections of
stratified drift were as high as 1,400 gpm (or
nearly 2mgd). Based on a computer model
(Mesler, 1976) the highest sustainableyield
for the entire East Hanover Buried Valley
Aquifer is 13 mgd.”®

In addition to declining ground water levels
due to inter-basin transfers of waste water,
the aquifers in East Hanover have suffered
years of contamination. The combined
effects of industrial mishandling of hazardous
substances, lesking underground storage
tanks, suspected "midnight dumping,” and the
hydraulic effects of ground water pumping,
have all contributed to a worsening
contamination problem.

HanevVer

OUTHERN

S
MILLBURN

Figure 3 - East Hanover Buried Valleys

3Gil Oudijk, Ground-Water Contamination and the Delineation of a Well-Restriction Area in East Hanover
Township. Morris County. New Jersey, NJGS Technical Memorandum 87-3, 1987.
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The Rockaway River Valley

The Rockaway buried valley aquifers follow the path of the ancient Rockaway River (Figure 4). A gap
between Mountain Lakes and Mount Tabor contains a semi-confined aquifer linking the Upper Rockaway
Valley system with the Central Passaic River Basin. Unconsolidated deposits of till and stratified drift
providearich source of water supply. The most prolific aquifers are the sand and gravd filled valleysin the
Upper Rockaway River Basin, above the Boonton Reservoir.

JEFFERSON
TWP
&
.

ROCKAWAY
™WP
I .

MONTVILLE
TWP

DENVILLE

“{ PARSIPPANY-
TROY HILLS
TWP

PARSIPPANY
BURIED VALLEY

CEDAR KNOLLS
BURIED VALLEY

Source: N.J.G.S., Geological Survey Report GSR 33, 1993.

Figure 4 - Rockaway Buried Valley Aquifers

The Rockaway River demonstrates surface and ground water exchange. Normally ground water discharges
to the Rockaway particularly during late summer and fall. Pumping, however, has been suspected of reversing
the flow, resulting in the river's recharging the stratified drift. A USGS study examining infiltration and
movement of river water to production wells in Dover estimated that water supply consisted of 30% river
water and 70% from gladial drift. Chemical changes were attributable to theinfiltrating river water* and the
substrateit passed through onits way to discharge.

“Joel E. Dysart, Estimates of Stream I eakage and Hydraulic Properties of a Glacial Aquifer Near Dover, New

Jersey. Based on the Chemical Character of Water. Including Stable Isotopes of Hydrogen and Oxygen,
U.S.G.S., Open-file Report 91-225, 1991.
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The Northwest Territory

During the early eighties, having experienced drought conditions and wanting to plan for future dry spdlls,
the NJGS studied portions of the Pequannock and Upper Rockaway River Valley (upstream from Denville)
watersheds.® This area contains major water supplies serving Newark and Jersey City. Drainage from the
Pequannock River flowsto the Charlotteburg Reservoir, from which water is conveyed to the Newark Water
Department. Downstream from Denville the Rockaway River flows to the Jersey City Reservoir at Boonton.
The local Precambrian gneisses and Paleozoic sedimentary rocks had been considered to be generally poor
water suppliers. Therefore, attention was focussed on the unconsolidated sands and gravel aquifers of the
buried valleys. Recognized as likely productive ground water sources, these aquifers were examined for
suitability as augmentation to surface water supply.

Buried valleys occurring in the Pequannock and Rockaway River Valleys are filled with glacial deposits
including tills, stratified sands and gravels, silts, and clays. Till, without silt or clay present, allows adeguate
water supply for domestic use. However when fine sands, silts, clays, muck soils, and nonstratified till are
present, their lack of permeability takes them out of production well contention. Their porosity, on the other
hand, suits them well for slow and steady aquifer recharge.

Highly productive water-bearing zones were usually found in the deepest portion of filled valleys. Thesewere
normally closeto or directly beneath streams, lakes, wetlands or flood plains. Aswith the Central Passaic
River Basin, there were variations within the valleys resulting in differences in water production.

Within the study area, the floor of the Rockaway and its tributary valleys, arerelatively flat in relief, and are
covered by very permeable granular soils. These conditions were conducive to excdllent aquifer recharge
directly by rainfal. Additionally, runoff from the surrounding watershed area was found to contribute
considerable recharge both from surface flow and movement through fractures in the bedrock.

Although valuable in their water bearing capabilities, these valley fill aguifers also have their limitations:
size and depth, with bedrock walls restricting long-term yields; areas overlain by impermeable fine sand, silt,
and dlay; medium-to-coarse grained sands and gravels with a fine-grained matrix impeding the flow of water;
unconfined or semi-confined conditions suggesting a greater vulnerability to contamination; and confined
conditions conducive to inter-valley impacts from pumping, due to connectivity.

Finally, the study concluded that ground water diversion for flow
augmentation is a consumptive use of groundwater and thus only suitable
asatemporary solution. The heavy reliance on the surface water supplies
necessitates careful assessment and consideration of historic, current, and
future land use and their respective impacts on ground water quality and
quantity in municipal long range planning.

* Spreading Globe Flower

SRobert Canace et al, Results of the 1980-81 Drought Emergency Ground Water Investigation in Morris and
Passaic Counties. New Jersey, 1983.
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The Western County

Toward the western part of the county is the band of glacial deposits lying within the Long Valley region.
Thisaguifer systemis animportant source of ground water in aregion which is steadily increasing its demand.
A recently published study® investigated these valley-fill aquifers and the underlying carbonate-rock spanning
thevalleys of the Lamington River, Rockaway River, Green Pond Brook, Drakes Brook, and South Branch

of the Raritan River.

The Lamington River Valley (Figure 5) stretching from Picatinny Arsenal southwardly to Califon (Hunterdon
County) contains confining clay layers remnant from glacial Lake Succasunna. Theseimpermesable deposits
separate the confined aquifer from the unconfined aquifer present in the valleys.

Theunderlying carbonate-rock aquifer is of the Leithsville Formation. Its varied water supply capability is
linked to enhanced secondary porosity caused by weathering and resultant solution opening of primary
fractures, joints, or bedding planes. Productive wells have been located in the valleys of Drakes Brook, the

South Branch Raritan River and
the Lamington River. Where
Hardyston Quartzite underlies
the carbonate-rock aguifer,
supply is mainly appropriate
for domestic use.

Inthe northern parts of the study
aea the Green Pond
Conglomerate aquifer overlies
the carbonaterock aquifer.
Other than in low-lying aress,
this aquifer does not produce
significant amounts of water.
Thevdley fill deposits, however,
ae more peameble and
productive than those to the o
south. ~

Aresas relying on water supply
from Precambrian crystalline
rocks benefit from intersecting
fractures, especially those
weathered-induced.Yields

generally are small but are
adequate for domestic supply.
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Figure5 - Lamington River Valley

6R.S. Nicholson, et al, Hydrogeology of. and Ground-Water Flow in. A Valley-Fill and Carbonate-Rock

Aquifer System Near Long Valley in the New Jersey Highlands, 1996.
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Results of the investigation, based on modeled projections for increased pumpage, indicated:

decreased discharge to the river from the aquifer system;

increased downward flow from and decreased upward flow to lower valley-fill aquifer;

increased lateral flow of ground water into S. Branch Raritan River basin from Lamington River Basin;
and slight increase in tributary-stream leakage to aquifer system.”

A connection between human activities and ground water quality was validated by volatile organic compounds
found in each water bearing unit, in addition to concentrations of nitrates and chloride.

Ground Water Quality In Morris County

Ground water quality datafor the county is piecemeal. Ground water quality in the Highlands is very good
for mast purposes, with somelocal areas requiring treatment for undesirable characteristics and constituents.
Occasionally State-recommended secondary drinking water standards (those affecting aesthetics, eg.,
gppearance, taste, or odor) were exceeded. These parameters included corrosivity, hardness, iron, manganese,
sodium and gross alpha particle activity.2 Primary drinking water standards pertain to potential for adverse
affect on human health.

During the early eighties' investigation of the Pequannock River and upper Rockaway River watersheds,
chemical analyses of the ground water resulted in good to excellent quality designations. Total Iron and
Manganese werethe only parametersin excess of potablewater standards. Specific examples of this occurred
in samples from some municipal wellsin Mountain Lakes and the Town of Boonton. These wells, adjacent
to the Rockaway River and tapping the stratified drift aquifer, were receiving Iron and Manganese loads from
infiltrating surface water. Though excessive levels of Iron and Manganese pose an aesthetic problem, asin
staining of sinks and fabrics, they are not considered a health problem.

The Passaic River Coalition's investigation of the Buried Valley aquifer system® revealed limited incidences
of high sulfatelevels. Thesewere associated with sulfate minerals occurring in basalt and red shale. The sand
and gravel aquifers also exhibited increased incidences of hard water.

Management Considerations

Variables including human health, status of ecological resources, cost of water treatment and provision of
aternative suppliesjustify comprehensive groundwater management. Since activities on the land impact the
quality and quantity of ground water and its recharge areas, emphasis is on land use management. With
drawdown occurring in the southeast, regular water shortages in the northwest, contamination to the east and
esawhere, thereis an obvious need for greater geotechnical research on the extent and capability of bedrock
aswell as surficial aquifers.

"R.S. Nicholson, et al, Hydrogeology of. and Ground-Water Flow in. a Valley-Fill and Carbonate-Rock
Aquifer System Near Long Valley in the New Jersey Highlands, 1996.

8Michael Serfes, Natural Ground-Water Quality in the Lower Paleozoic and Middle Proterozoic Bedrock
Aguifers of the Highlands and Valley Physiographic Provinces of New Jersey, NJGS Report GSR Draft, 1997.

9Passaic River Coalition, The Hydrogeology of the Buried Valley Aquifer System, 1983.
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Impact5 From Natural Hazards

Roughly 95% of water supply within the county is provided by ground water and for the most part satisfies
State and Federal quality standards. However this situation is tentative. Naturally occurring contaminants
include iron, dissolved solids, sulfate and calcium. Less common, yet significant contaminants include
radium, lead, and barium. Normally, as water infiltrates, mineral content is low. The quality changes,
however, along theflow path. Dissolved solids as well as other constituents increase with distance and time.
Thus time, distance traveled and rock solubility impact water quality.

Human Derived Impacta

The most common manmade contaminants include volatile organic compounds (VOCs), heavy metals, base
neutrals, acid extractables, and pesticides. Other contaminants include petroleum products, salt, bacteria, and
Viruses.

Sources and modes of transmission reflect our lifestyles. The land uses supporting these lifestyles:
urbanization, transportation, industrialization, and agriculture involve specific infrastructure with associated
activities that either intentionally or accidentally contribute contaminants to the subsurface. Leaking
underground storage tanks, pipdines, landfills, surfaceimpoundments, underground injection wells, industrial
spills, illegal discharges, septic tanks, agricultural activities, abandoned or improperly constructed wells,
inactive mines, stormwater runoff, overpumping and artificial recharge are some of the many avenues for
ground water contamination.

Mode of transmission of ground water contamination is influenced by substance released, location of release,
and hydraulic characteristics of the geology. Four common ways of ground water contamination include:

o [nfiltration - water percolates, dissolving contaminants into leachate, which continues traveling to the
saturated zone whereit follows ground water flow.

® Direct migration - contaminants' direct travel to ground water, e.g. from storage tanks and pipelines.

® [nteraquifer exchange - results from the hydraulic connection between aquifers. A common vehicle of
this type of contamination is awell that has penetrated more than one water-bearing formation.

® Rechargefrom surfacewater - results from areversal in the hydraulic gradient so that surface water is
drawn toward, and recharges the ground water, as in the overpumping of an aguifer.

Although traveling through the substrata affords some attenuation via filtration, dilution, oxidation, and
biological decay, distance to the ground water may not be adegquate for proper treatment and some
contaminants remain unchanged. Treatment is much more difficult once the contaminant reaches ground
water which normally moves extremely slowly and with very little turbulence. Instead the plume of
contamination, now concentrated, simply follows the ground water flow.

Known (and unknown) sites of contamination have plumes migrating underground, which are extremely
difficult to pinpoint. There are historic and current land uses threatening ground water and aquifers.
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Appreciation for ground water protection is spreading as local officials have instituted land use and
deve opment ordinances, participated in the NJ Well Head Protection Program, and joined regional coalitions
working to manage this commonly shared resource within the construct of the larger watershed.

In order to create a comprehensive picture of ground water quality status in the state, NJ DEP compiled a
database documenting contaminated wells, associated pollutants and known pollution sources. Of the 3086
ground water pollution cases documented in 1989, 1200 were assessed, representing seven counties (one of
which was Morris County). The seven counties were Hunterdon, Morris, Passaic, Somerset, Camden,
Monmouth, and Ocean. These seven werediverse in terms of geographic distribution, hydrogeologic setting,
population density, and land use/land cover.

Table Six excludes Ocean, Camden and Monmouth counties which lie south of the “fall ling’ and where
infiltration rates, agquifer characteristics, and ground water flow patterns differ significantly from countiesin
thenorth. Thus the chart reflects the numbers of pollution cases for major sources of human-derived pollution
for Camden, Hunterdon, Monmouth and Morris Counties. Asof 1990, Morris County had the highest number
of ground water pollution cases (282). Within two years, the number had risen to 400.%°

Table Six - Major Sources of Human-Derived Pollution Listed by County

Numbers indicate frequency of pollution cases (both as absolute and as percentage of total cases within
county).

MAJOR SOURCES OF POLLUTION COUNTY
CAMDEN HUNTERDON ~MONMOUTH — MORRIS
# 2% # 2% # 2% # %

AGRICULTURE 04

ABOVE GRND STORAGE TANKS | N

COAL TAR | N

DRUMS | N 527

LAND SPRAY APPLICATION | N

NONE | N 2 07

ROAD SALT PILE

SURFACE SPILL | 67. 10 112 30 160 Il 39

UNKNOWN 88 540 3/ 416 45 24l 150 539

UNDRGRND STORAGETANK 28 173 15 170. 36 193 5| _ I8.]

163 100% 89 100% 187 100% 282 100%
Source: (NJDEP, New Jersey 1994 State Water Quality Inventory Report, 1995.)

ONew Jersey Department of Environmental Protection, New Jersey 1994 State Water Quality Inventory
Report, 1995.
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Plate 7 depictslocations of aportion of the 706 sites in Morris County severely impacted by human-derived
contaminants. Each of these sites represent an "environmentally complex... site... where there are multiple
sources of contamination; multiple environmental media affected (i.e. soil, ground water and air); multiple
contaminants; and/or a multi-phased approach ... to clean up the site."** The source, Known Contaminated
Sitesin New Jersey, is an annual publication produced by the NJ DEP. It provides an inventory of sites where
contamination is* present at levels greater than the applicable cleanup criteriafor soil, ground water standards
and/or maximum contamination levels of the Safe Drinking Water Standards.”**> The State's Bureau of
Community Relations administers the Site Information Program which conducts radius searches for
prospectivereal estate buyers, sdllers, and other interested parties.

Areas With Ground Water Contamination In The County

Picatinny Arsenal: The Department of Defenseinstallation at Picatinny Arsenal in Rockaway Township
contains extensive and multiple sites of contamination. Sources of contamination include but are not limited
to solvents, metals, explosives, and polychlorinated biphenyls. An effort is underway to remediate many of
the sites. However the time line extending from remedial investigation/ feasibility study, through plan
formulation and approval, to actual clean up, is protracted.

East Hanover: In response to a contaminated ground water situation affecting East Hanover and its
environs, the New Jersey DEP conducted an investigation evaluating types, sources, distribution and
movement of ground water contamination.® Contamination of the surficial, as well as bedrock, aquifers was
detected in over 70 domestic wells, 70 monitor wells and 3 municipal-supply wells within the Township and
in neighboring communities.

Contaminants allegedly emanated from industrial activities including manufacturing, storing, and handling
of hazardous substances. Waste disposal practices including use of lagoons, seepage pits and dry wells
appeared to be the worst culprits until public sewers became available in 1984. The hazardous wastes,
generically identified as solvents and degreasers, included volatile organic, base neutral, acid extractable and
petroleum hydrocarbon compounds. Many of these were considered carcinogenic. Aging, corroding
underground storage tanks, exacerbated the situation as they seeped gasoline, fuel oils and industrial solvents.
Burial of hazardous-waste drums, and suspected "midnight dumping" of wastes deluged the aquifer system
with contaminants.

The combination of alarge number of contaminant sources, the high mobility of volatile organic compounds,
and the draw caused by pumping domestic and municipal wells, resulted in all of the ground water in East
Hanover being either contaminated or vulnerable to contamination. Many neighboring towns overlying the
buried valley system also suffered contamination. Affected water suppliers included:

“NJ Department of Environmental Protection and Energy, Site Status Report, 1992.

12NJ DEP, Known Contaminated Sites in New Jersey, Sept. 1997.

13Gil Oudijk, New Jersey Department of Environmental Protection, Ground-Water Contamination and the

Delineation of a Well-Restriction Area in East Hanover Township. Morris County. New Jersey, New Jersey
Geological Survey Technical Memorandum 87-3, 1987.
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Hazardous Waste Sites

Legend

« Hazardous Waste Sites
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0 | 2 3 4 5 6 7 Kilometers

NOTE:

Sites reflect incidences of multiple sources of contamination,
multiple environmental media affected, multiple contaminants,
and active or pending remediation.

SOURCES:

N] Department of Environmental Protection. Site Remediation
Program. Known Contaminated Sites in New Jersey, July 1996.

N] Department of Environmental Protection and Energy. Site
Remediation Program. Site Status Report, 1991.

US Army Corps of Engineers Toxic and Hazardous Materials

Agency. Remedial Investigation Concept Plan for Picatinny Arse-
nal, March 1991.
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Livingston Water Department, Essex County

Essex Fdls Water Co., Rosdland, Essex County

Fairfidld Regional Contamination, Essex County

Madison Water Dept. (as well as numerous domestic wells), Morris County

Florham Park Water Dept., Morris County: reports were unconfirmed

Southeast Morris Municipa Utilities Authority, Morris County: Analyses of water samples taken from
the authority's distribution system in 1986 indicated contamination.

TheRockaways. During the early eighties, both Rockaway Borough and Township suffered municipal water
supply contamination problems. Initially Rockaway Township discovered trichloroethylenein three wells.
The source was traced back to alocal industry using inadequate hazardous waste disposal methods. This
episode was followed by the appearance of di-isopropyl ether and methylene chloride (additives used in
unleaded gasoline) which had leaked from a storage tank at alocal gas station.

The neighboring Borough of Rockaway, drawing from the same aquifer, discovered tetrachloroethylene. Both
municipalities hastily made temporary provisions for potable water supply for their residents, and
then invested in carbon adsorption units for long term treatment.

Regulatory Support

FEDERAL

® Clean Water Act provides funds for ground water protection and authorizes water pollution prevention
programs.

o Comprehensive Environmental Response, Compensation, and Liability Act (Superfund) authorizes
government cleanup of hazardous spills, and establishes liability for contamination.

® Federal Insecticide, Fungicide, and Rodenticide Act authorizes EPA’s control of pesticides.

® Resource Conservation and Recovery Act regulates storage, movement and disposal of solid and
hazardous wastes.

o Safe Drinking Water Act protects drinking water supplies through standards for maximum levels of
contaminants, regulation of underground discharge, and aquifer and wellhead recognition.

® Sole Source Aquifer Program designates critical aguifers serving as primary potable water supplies.

® Toxic Substance Control Act authorizes EPA “cradle-to-grave’ control of toxic chemicals.

STATE

o County Planning Act provides jurisdiction over road and drainage facility’s construction and
maintenance.

o NJ Safe Drinking Water Act controls quality of public drinking water by identifying risk levels.

NJ Water Pollution Control Act protects uses of water through discharge controls.

® Soil Erosion and Sediment Control Act regulates construction-related soil erosion and stormwater
management.

e Standards for Individual Subsurface Sewage Disposal Systems regulates location, design,
construction, installation, maintenance of individual subsurface sewage disposal systems (septics).

e Water Supply Management Act authorizes planning and controlling the alocation and provision of
water. Water supply critical areas may be designated and regulated if need be.

® Ground Water Quality Standar ds provide rules for ground water classification and designated uses,
water quality criteriaand constituent standards. Further description and map arein Appendix A.
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e TheWell Head Protection Program is intended to control pollution sources, and regulate:
‘€ Public Community Water Supply Wells
‘€ Public Noncommunity Water Supply Wells
‘€ Clusters of Domestic Water Supply Wells

Protection of wellsis to be achieved through:

¥ Ddlineation of Well Head Protection Areas (WHPA)*

‘€ Implementation of regulations to minimize pollution from point and non point discharges
‘® Avoidance of siting new wellsin high-risk locations.

WHPA's rely on two basic criteria:
‘€ Average Time-of-Trave (TOT) for ground water to reach awell
‘¢ Hydrologic boundaries that affect ground water flow (e.g., faults, ridges and surface water bodies)

Each WHPA will have severd tiers so that the level of control matches the pollution risk:

‘® Tier 1 targets bacteria and viruses attenuation; TOT of 200 to 360 days

€ Tier 2 targets hazardous materials that do not degrade readily in ground water (such as
chlorinated volatile organic chemicals); TOT between 2 and 5 years

‘€ Tier 3isintended to serve monitoring and remedial efforts; TOT between 10 and 15 years.

FPlanning Strategies

® Analyses:
‘¢ hydrogeological evaluation of ground water flow; ground water availability, recharge
potential, rate and volume; and aquifer recharge characteristics
‘€ water budget - anticipated use and discharge of water
‘€ critical density - estimated population at full build-out
‘€ carrying capacity - calculated ability of an area to accommodate growth and devel opment
respective of existing and proposed infrastructure and the natural environment
‘€ historic land use - contaminated soils from past uses (e.g., industrial, agricultural)
€ existing land use - common sources of contamination (e.g., industrial waste disposal, underground
storage tanks, farms, landfills, septic tanks)
€ inventory of sites where potential contaminants are manufactured, stored, and transported
‘€ monitoring - long term sampling of surface and ground water (public and private wells)
quality and quantity
® | ocation of sensitiverecharge areas or wellfields
® Acquisition of select lands (e.g., recharge areas or wellfields)
e Stormwater management plan addressing quality and quantity of infiltrating
stormwater
® |ndividual Sanitary Sewer Disposal (Septic System) Management Plan /
e Conservation Easements /
V4 ///

“WHPA: "An aquifer volume described in plan view around a well, from which ground water flows to the
well and ground water pollution, if it occurs, poses a significant threat to the water quality of the well." EPA,
Wellhead Protection: A Guide for Small Communities, 1993.
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Design Strategies

® Limiting impervious surfaces in ground water recharge and wellhead protection areas
® Routing clean stormwater runoff (e.g., rooftop) to infiltration basins
® Septic system density and siting away from stormwater collection areas, depressions or swales

Zoning and Site Plan Ordinance

® Overlay district over aquifer recharge as provided by the Borough of M ountain Lakes which has delineated
aPrime Aquifer Area overlay zone with corresponding restricted uses

e Overlay district over wellhead protection area and corresponding regulation of hazardous substances™

® Impact zoning: developer's provision of paositive or neutral impact on the community water supply

o Overlay district over limestone formation and corresponding restricted activities as in Washington
Township*®

® Density or clustering options based on hydrogeologic conditions such as limestone formation, aquifer
recharge or wellhead protection area

® Regulate future potential sources of pollution e.g. motor vehicle-related services, laundromats, beauty
salons, photographic processing, car washes, medical offices, research labs

o Individual Sanitary Sewer Disposal (Septic System) ordinance such as advocated by the Ten Town Greet
Swamp Watershed Committee which includes provisions for a ‘design engineer required to certify
installations, separate greywater and blackwater systems, approved reserve area set aside for future
expansion or replacement of system, certificate required for continued use prior to transfer of title, and
establishment of detailed design standards *'.

Practices

LOCAL

PUBLIC AND NONPROFIT AGENCIES

® Cooperative ventures such as the Alamatong Wellhead Protection Study supported by Chester and
Randolph Townships, the County of Morris, the US Geological Survey, New Jersey DEP, and the Upper
Raritan Watershed Association. Identification, delineation and investigation of the Alamatong wellhead
production area provided basis for planning and zoning formulation.

A Well Head Protection study coordinated by the Passaic Valley Ground Water Protection Committee
delineated well head protection areas as well as potential pollutant sources within.*®

15South Branch Watershed Association, Working Draft Model Planning Board Ordinance for Wellhead
Protection Areas and Drinking Water Aquifer Protection, 1998.

%An Ordinance ... of the Township of Washington, County of Morris ... to Regulate Development in
Limestone Areas, April 1998.

"Peter Messina et al, Ten Town Great Swamp Watershed Committee, Draft Model Environmental
Ordinances, Jan.1997.

¥passaic River Coalition and Passaic Valley Ground Water Protection Committee, Planning For Well Head

Protection For Ground Water From The Whippany. Chatham and Millburn Valleys Of The Buried Valley
Aquifer Systems, 1998.
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HEALTH DEPARTMENT AND PUBLIC WORKS

Enforcement of underground storage tank regulations

Individual Sanitary Sewer Disposal (Septic System) maintenance plan as in Harding Township

Conduct regular and thorough streetsweeping

Implement de-icing bmp's:

‘€ storesalt piles on impermeable surfaces, covered with waterproof covering

‘€ floor eevations should be raised above the 100 year storm level

‘€ explorede-icer aternatives:

‘€ Calcium Magnesium Acetate (minimal degradative effects on ground and surface water,
vegetation or animals, structures; cost, however, may be prohibitive)

‘€ addition of abrasives, such as sand and gravel, to standard de-icers of Sodium Chloride or
Calcium Chloride, or a mixture of the two

‘€ dispose of heavily salted snow in areas other than those around public supply wells, aress of

high ground water recharge, or directly into surface water

INDIVIDUAL

Conservation Landscaping (as outlined in the Soils Chapter): a combination of design, plants, and
mulches are aesthetically pleasing, economically efficient by reducing maintenance requirements and
protect the ground water resource.

Install low water use plumbing fixtures

Utilize hazardous waste collection services

Exercise septic system management:

‘€ regular pumping

‘€ avoid chemical additives (these compromise the necessary microbial action)

Monitor underground storage tanks:

€ replace old tanks (over 20 years of age) with state-of-the-art tanks

‘€ contain above ground tanks to prevent discharge from leakage or overfilling

€ avoidinstalling tanks in or below the water table

‘€ to assess leakage, perform atank tightness test upon installation and periodically thereafter
Exercise care in automobile maintenance activities:

‘€ store chemicals high and dry

‘€dispose of waste materials properly e.g. Hazardous Waste Collection

Education and Outreach

Build community support for regulatory programs
Mohilize voluntary ground water protection efforts (e.g., conservation, participation in household
hazardous waste cleanup days)
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Glossary

BEDROCK AQUIFER Aquifer consisting primarily of sedimentary and igneous rocks.

CONSOL IDATED Bedrock with openings consisting of fractures such as sandstone, limestone, granite.
CONFINED AQUIFER Aquifer bounded by relatively impermeable materials.

CONTAMINANT "any physical, chemical, biological or radiological substance or matter in water."*°

GROUND MORAINE Glacia deposits formed by the downwasting of an ice sheet over alarge area, leaving
alandscape of low, gently rolling hills and undrained depressions.

MORAINE A mound, ridge, or other distinct accumulation normally of unsorted, unstratified glacial drift,
predominantly till, deposited chiefly by direct action of glacial ice.

PERMEABILITY The degree of mobility achieved by soil grain size and interconnectedness of voids.
POROSITY The maximum amount of water that arock is capable of containing within its void spaces.

RECESSIONAL MORAINE A ridge of glacia till deposited by an ice sheet during atemporary stillstand
inits general recession.

SURFICIAL AQUIFER Aquifer consisting primarily of glacial and post-glacial stratified sediments.

SUSTAINABLE YIELD Theamount of water available for pumpage indefinitely with water levels 30
above the base of the aquifer®

TERMINAL MORAINE Theend morainethat marks the farthest advance or maximum extent of a glacier.

TILL Rocky materia (clay, sand, gravel, stones, boulders) picked up by glacial ice and deposited el sewhere.
UNCONFINED AQUIFER Aquifer recharged directly from precipitation.

UNCONSOL | DATED Bedrock with openings consisting of pores such as sand, grave, clay.

19 New Jersey Safe Drinking Water Act (N.J.A.C. 7:10).

20 Jeffrey Hoffman, NJGS Open-File Report OF-89-1, Simulated Drawdowns, 1972-1995, in The Pleistocene
Buried-Valley Aquifersin Southwestern Essex and Southeastern Morris Counties, New Jersey, 1989.
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Appendix A

Ground Water Quality Standards (N.J.A.C. 7:9-6 et seq.) The ground water quality standards strive to
“restore, enhance and maintain the chemical, physical, and biological integrity of its waters, to protect public
health, to safeguard fish and aquatic life and scenic and ecological values, and to enhance the domestic,
municipal, recreational, industrial and other uses of water.

. Class 1-A e 777
[ classi-a A S s

Natural Area

Source: NJDEP, Ground Water Qualit (NJAC 7:9-6)
Jan. 7, 1903

Ground Water Classifications in Morris County

Generalized provisions of the standards include:
‘€ ground water classification
‘€ numerical criteriafor pollutants
‘€ antidegradation controls
‘@€ effluent limits for intentional discharges
‘€ cleanup standards and compliance levels for areas beyond the boundaries of
permitted discharge sites as well as remediation sites
‘¢ loading rates and targets for pollution mitigation activities
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The classification of ground water relies on hydrogeol ogic characteristics of the specific resource and the
designated uses which are to be maintained, restored or enhanced. The following is a summation of the
classifications and associated designated uses.

Class| - Ground Water of Specia Ecological Significance

Primary designated use: maintenance of special ecological resources which are supported by the contributing
ground water.

Secondary designated uses: potable, agricultural and industrial waters, such as not to compromise the primary
use.

Class |-A - Exceptional Ecological Areas: Hacklebarney Natural Area, and Troy Meadows Natural Area.
This classification stipulates nondegradation, disallowing human activities resulting in the degradation of
natural quality.

Class |1 - Primary designated use: provision of potable ground water, allowing conventional water supply
treatment.

Class|1-A - All ground waters of the State, except for ground water designated in Classes |, 11-B or Il1.
Primary designated use: potable water and conversion (through conventional water supply treatment, mixing
or other similar technique) to potable water.

Secondary designated uses: agricultural and industrial water.

Classl111 - unsuitablefor potable water dueto natura hydrogeologic characteristics (e.g. aquitards) or natural
water quality (e.g. salinity). Not applicableto Morris County

Class I11-A - specific portions of the saturated zones of the glacial moraine and glacial 1ake deposits, and
other geologic units having the characteristics of an Aquitard, excepting Class | areas.

Primary designated use: the release of ground water to adjacent classification areas and surface water.
Secondary designated uses. any reasonable uses.

The Standards, as they apply to discharge control and remediation, are implemented by:

the Water Pollution Control Act

the Spill Compensation and Control Act

the Solid Waste Management Act

the Environmental Cleanup Responsibility Act/Industrial Site Recovery Act
the Pesticide Control Act of 1971

the Storage of Hazardous Substances Act

the Realty Improvement Act (Chapter 199)

... aswdl asthefollowing programs:

o NJPoallutant Discharge Elimination System (NJPDES)

® Underground Storage Tank (UST)

® Case Management System: coordinates case assignments, priorities, and
technical standards for pollution cases involving hazardous substances

® Aquifer Recharge Area Program

o Nonpoint Source Pollution Program
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Black River

Surface Water

Introduction

Water resources have inspired us to think of our natural resources as a system. Surface waters,
compartmentalized into watersheds, have provided the basis for regional thinking, forcing a cultural shift from
political boundary mentality to coalition around a central vital and dynamic natural resource.

Water bodies (Plate 8) serve as akind of circulatory system, providing nutrients, and metabolizing waste
materials. Wildlife relies on waterways for these functions, as well as shelter and a place to rest and breed.
Humans enjoy the added benefits of recregtion, transportation and economic opportunities.

Surface waters' surrounding microhabitat extends to vegetation, wildlife, and soils. Variation of these
eements arereflected in the many "faces" of surface water: rivers, streams, ponds, lakes, swamps, marshes,
and bogs. Each has a contributing watershed with specific characteristics. In watershed management these
specific characteristics need to be recognized. This ecosystem or watershed approach is necessary to
achieving and maintaining the health of the organism.

Water Quality Overview

Common threats to water quality include total and fecal coliform bacteria, nutrients, depressed dissolved
oxygen levels, pH fluctuations, siltation, road salts, oil and grease, and elevated stream temperatures. NJ
Department of Environmental Protection (DEP) found all assessed freshwater |akes to be either “ threatened
or in a state of active deterioration (eutrophication).”* It is suspected that nonpoint sources including
“construction activity, agricultural and suburban runoff, and failing septic systems are contributing the
degrading pathogens, nutrients and siltation.”?

1 NJ DEP, New Jersey 1996 State Water Quality Inventory Report, 1996, |-4.

2 NJ DEP, 1996 Inventory.
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PLATE 8: Surface Water Bodies



One yardstick for measuring water quality is State-defined designated uses that waters should be able to
support throughout the year. These are defined in the State's Surface Water Quality Standards (NJAC 7:9
et seg.). Theoveriding goal, as stipulated by the Federal Clean Water Act, istwo-fold: surface waters are
to beof “ sufficient quality to allow for primary contact recreation” (swimmable). Thisis based primarily on
the presence of fecal coliform bacteria. The fishable goal stipulates that * al possible waters should support
healthy and reproducing aquatic biota and have all fish and shdllfish harvested from these waters safe for
human consumption.”® Biological assessments determine success in achieving the aguatic life support
designated use. Physical/chemical data supplement these assessments in order to determine a threatened
status. The associated rating is as follows:

No impair ment: fully supporting aguatic life use

Moderately impaired: partially supporting aguatic life use

Severeimpair ment: no support of aquatic life us

The State' s Surface Water Quality Standards also provide classifications corresponding to these uses and
pertinent to the permitting programs; they include:

Category One (C-1) - activates antidegradation policies to protect waters from measurable changes in water
qudity characteristics because of ther clarity, color, scenic setting, aesthetic value, and exceptional resources
(ecological, recreational, water supply, or fishery).

Trout Production Waters (TP)- for trout spawning or nursery purposes during their first summer.
Trout Maintenance Water s (TM)- designated for the support of trout throughout the year.
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