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gentle to moderately sloping, well drained to poorly drained derived from
weathering of the underlying shale bedrock.

Mt Lucas-Watchung soils are comprised primarily of Mt Lucas soils with minor
percentages of Watchung soils. Both of these soils are derived from the
underlying diabase bedrock and are described as deep, nearly level to gently
sloping, moderately well drained to poorly drained. The Soil Conservation
Service describes Penn shaly soils as moderately deep, gently to moderately
steeply sloping, well-drained loam derived from weathering of the underlying red
shale bedrock.

Neshaminy-Mt Lucas very stony loam soils are comprised primarily of well-
drained Neshaminy soils and moderately wet Mt Lucas soils, both of which are
derived from weathering of the underlying diabase bedrock. Lawrenceville silt
loam is derived from weathering of the underlying shale and is considered deep,
gently to steeply sloping, well-drained soil.

The Klinesville shaly loam and Rough broken land shale materials may be
considered a second tier of commonly found soils beneath West Amwell
Township. The areas mapped as Rough broken land shale and Klinesville soil
each encompass nearly 5 percent of the Township. The Klinesville soils are
shallow, well drained materials that form gentle to steep slopes. The areas
mapped as Rough broken land shale are generally comprised of rock
outcroppings and are often steeply sloping.

The Soil Conservation Service indicates that the following soils in West Amwell
Township have severe limitations for the disposal of septic system effluent:
Abbottstown, Bowmansville, Chalfont, Croton, Klinesville, Lehigh, Mt Lucas,
Norton, Pattenburg, Penn, Reaville, Rough broken land shale, Rowland, and
Watchung. In addition, the steep sloping areas underlain by the Hazleton,
Legore, Neshaminy, and Quakertown, series are also considered to have severe
limitations for septic systems. These soils in conjunction with the two gravel pits,
encompass nearly 84 percent of West Amwell Township. One of the former
gravel pits is beneath Mount-Airy Harbourton Road and the second is located
adjacent to Old River Road and is primarily composed of bedrock and disturbed
soils. If soils with moderate restrictions are included, more than 97 percent of the
Township is underlain by soils with limited capability for septic discharges.

BEDROCK

Formations

The bedrock of West Amwell Township was deposited in a series of basins in the
Triassic (208 to 245 million years ago) and Jurassic (208 to 145 million years
ago). These basins were formed as a result of continental separation or rifting.
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The bedrock geology of West Amwell Township is shown on Figure 6, which was
primarily developed from an extensive mapping effort of the USGS and New
Jersey Geological Survey (NJGS) and is shown on the “Bedrock Geologic Map of
Central and Southern New Jersey” (Owens 1998).

Stockton Formation

The oldest of these deposits is primarily comprised of sand, gravel, and silt-sized
sediments that are currently encountered as light-gray and yellow arkosic
sandstones of the Stockton Formation. Conglomerates formed of rounded
cobble, boulder, and pebble-sized fragments are often encountered near the
base of the Stockton Formation.

The Stockton Formation has been mapped only in the extreme southeastern
corner of West Amwell Township immediately adjacent to the border with
Hopewell Township. The Stockton Formation encompasses less than 3-acres of
West Amwell Township.

Lockatong Formation

Very fine to fine-grained silts, clays, and sands were deposited in lake-type
environments over the coarse-grain sediments of the Stockton Formation. These
lacustrine deposits are known as the Lockatong Formation and are primarily
comprised of gray-red, dark brown, and grayish-purple mudstones, argillaceous
sandstones, and siltstones. The older beds of this formation are associated with
transgressive, fluvial, or lake-margin sediments. The middle portion of the
formation is primarily comprised of lake-bottom materials, and the youngest
portion is associated with regressive waters, mudflats, and lake-margin materials.

The Lockatong Formation has been mapped as a band across the southern
portion of the Township (see Figure 6). The thickness of Lockatong Formation
beneath the Township ranges from less than 100 feet near the Hopewell Fault
and the southern border of the Township to nearly 3000 feet at the northern
contact with the younger Passaic Formation.

Passaic Formation

Fine-grained sands, silts, and some clay were the sediments deposited in the
fluvial, lake, and mudflat environments of the late Triassic-early Jurassic. These
deposits were later cemented into the red-brown, brownish-purple, and grayish
red shales, siltstones, silty mudstones, and argillaceous very-fine grained
sandstones of the Passaic Formation.

In some areas, gray lake deposits are distinct from other portions of the Passaic
Formation and therefore, are mapped as a subunit of the formation. These gray
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lake deposits are comprised of gray to black silty mudstones, gray and greenish-
to purplish-gray argillaceous siltstone, black shale, and gray argillaceous fine-
grained sandstone. The thickness of the Passaic Formation beneath the
Township ranges to approximately 1200 feet.

Diabase

The youngest rocks in West Amwell Township were intruded as sheets of
medium to fine-grained diabase and are primarily found underlying Sourland
Mountain, the most prominent topographic feature within the Township. These
dense, hard, and poorly fractured crystalline-rocks were magmas that filled
fractures and other openings as the Newark Basin opened and may have a
thickness ranging from 1200 to 1300 feet.

The heat from the magmas thermally metamorphosed adjacent rocks
approximately 1000 feet above, below and on either side of the sill. The
metamorphosed red-brown shales appear as bluish-gray hornfels and the
transformed gray argillites appear as brittle, black very-fine-grained hornfels.

Structure

Rocks such as those encountered beneath West Amwell Township generally
have no intergranular openings and therefore, no primary porosity for transmitting
water. In these types of rocks, groundwater storage and transmittal are
dependent on the secondary porosity or the openings between blocks of
impermeable rock. In shales, sandstones, argillites, siltstones, mudstones, and
diabase sills, these openings are typically associated with fractures from faults,
joints, or along bedding planes.

As the Newark Basin opened, faults or fracture zones were formed in weaker
rocks. Slightly to the north of the border with Delaware Township, the Flemington
Fault formed with the southeastern block moving downward with respect to the
northwestern block. This same movement pattern has been mapped along the
southern border of the Township where the Hopewell Fault formed. The
Flemington and Hopewell Faults are considered regional inter-basin faults that
extend for several miles across the basin and vertical movement may have been
as much as 2,100 and 11,700 feet, respectively.

Several small faults/fracture zones have been mapped in the northern portion of
West Amwell Township and are bounded to the north by the Flemington Fault
(see Figure 6). Movement along these local faults may have been as much as a
few hundred feet and generally resulted in the northwestern block moving
downward with respect to the southeastern block. The movement between the
southern most of these faults and the regional Flemington Fault formed a graben,
which is a block of rock that moves downward between two normal faults. These
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types of structures are commonly found in rift zones and form as continents
move apart. Based on the graben and the faulting pattern, the bedrock fracturing
in this northern portion of the Township appears bounded by the Flemington
Fault and the southern fault.

With the exception of the faults in the northern portion of the Township, no other
local or regional faults have been mapped in West Amwell. Most of the Township
appears to have served as a stable block of competent rock with little or no
extensive fracturing resulting from the rifting. Structurally, the central portion of
the Township appears as a horst or uplifted block bounded to the north and south
by downthrown blocks or grabens. The large intrusion of the diabase sill beneath
Sourland Mountain and some of the smaller sills mapped elsewhere in the
Township obscured past fracturing if it occurred, by filling in the fracture zones
with hot magma that later cooled to dense, hard diabase.

In addition to the fractures formed as a result of the local and regional faulting,
two other sets of fractures may be encountered in the geologic formations
beneath the Township. The first set is associated with bedding resulting from
changes in the characteristics of the sediments at the time of deposition. These
bedding plane fractures generally strike to the northeast and gently dip to the
northwest.

In addition to the bedding, small scale fractures may be found in weaker layers
which were pulled apart as the continents separated. Often these fractures will
have a vertical to near vertical orientation and will extend a few inches to a few
feet across weaker layers primarily comprised of softer rocks but will quickly
dissipate or terminate within more competent rocks. These types of fractures are
often referred to as joints. Depending on the proximity to regional or local fault
systems and the brittleness of the rocks, the spacing between these vertical to
near vertical joints will range from fractions of an inch to several tens or hundreds
of feet. In some areas, the joints serve to interconnect fractured beds and in
others, the beds interconnect the joints.

GROUNDWATER SYSTEMS

STORAGE AND TRANSMISSION CAPABILITY

Since groundwater in bedrock aquifer systems is stored and transmitted along
fractures, joints, and bedding planes, the availability of water is dependent on the
separation between fractures, the degree to which these fractures are
interconnected, and weathering of the materials between fracture planes. In
some rocks, fractures are separated by a few inches of competent, unweathered,
and impermeable bedrock. In other rocks, the distance between fracture
openings may be several feet. In some areas such as near major regional faults,
fractures form highly connected networks and therefore, more water can be
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stored and transmitted. In areas where a single or few fractures are available,
there is little storage or transmission capability.

In some rock types, silts and clays are the predominant residual soil developed
from weathering and in other rocks, sands, gravels, cobbles, and boulder-sized
particles will result. USGS studies indicate that weathering of fractured rock is
greatest within 75 feet of ground surface and is negligible at depths greater than
500 feet below ground surface. Since weathering increases fracture size and
may result in increased fracture interconnection, much of the yield, which is a
measure of the volume of water that can be pumped from the well, may be
derived from the shallow portion of the aquifer. In some formations such as the
Passaic and Stockton Formations, high yielding fractures are often intersected at
depths exceeding 75 feet. In other rocks such as the Lockatong and diabase, a
single high yielding fracture is much less likely to be encountered, especially at
depths in excess of 150 feet.

In the Passaic and Stockton Formations, wells are usually drilled to deeper
depths because of the potential to encounter additional water-bearing fractures
and therefore, to increase the yield. In the Lockatong Formation and diabase,
since increased yields are unlikely, wells are usually drilled to greater depths in
order to store water. The well borehole serves as a subsurface storage tank.
Most 6-inch diameter residential wells can store nearly 1.5 gallons per foot and
this additional volume of water in storage may be necessary to meet the needs of
the residence or business relying on the well.

STOCKTON FORMATION

Location

The Stockton Formation is only mapped in the southeastern corner of the
Township and encompasses less than 3-acres or 0.02 percent of the 21.8 square
mile Township (see Figure 6). Regionally, the Stockton Formation is considered
to be a good bedrock aquifer capable of meeting most water-supply needs.

Although further details with respect to aquifer conditions are provided below for
informational purposes and comparison to other formations beneath the
Township, given the very limited extent of the Stockton Formation in West
Amwell Township, this formation is not considered to be a significant
groundwater resource for the Township.

Yields

Kasabach (1966) indicates that the Stockton Formation provides some of the
highest yields for fractured rock aquifers within Hunterdon County. The
sandstones of this formation are the primary water-bearing layers and are often
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confined by the less permeable siltstones (Lewis-Brown 1995). This extensive
study of Hunterdon County indicated that wells completed in the Stockton
Formation have yields ranging from 1.5 to 70 gallons per minute (gpm) with a
median yield of 18 gpm.

Data for 271 domestic wells studied by the USGS also indicate that the Stockton
Formation is one of the higher yielding aquifer systems within the Stony Brook,
Beden Brook, and Jacobs Creek drainage basins located immediately south and
east of West Amwell Township (Lewis-Brown 1995). These data indicate a
median yield of 15 gpm for wells completed in this formation.

Specific Capacity

The data compiled by the USGS indicate that the Stockton Formation has a
median specific capacity of 0.488 gallons per minute per foot of drawdown
(gpm/ft) and a median specific capacity per foot of open hole of 0.00545 gpm per
foot of drawdown per foot of open interval (gpm/ft/ft) (Lewis-Brown 1995). These
median specific capacity measures indicate that the Stockton Formation is a
good aquifer capable of readily meeting most water supply needs.

Regionally, the Stockton Formation has a slightly higher potential to transmit
water than the younger Passaic Formation but a significantly greater
transmissivity than the Lockatong Formation and diabase. Given the limited local
extent, the Stockton Formation is unlikely to meet water-supply needs of West
Amwell Township and most likely, only serve as a reliable source for the two lots
underlain by this formation.

The results from the USGS evaluation of median specific capacity per foot of
open interval also indicate an order of magnitude decrease with depth in this
measure of aquifer transmission potential. The data for shallow wells, less than
75 feet deep, have a median value of 0.03210 gpm/ft/ft. At depths greater than
300 feet, the median specific capacity declined to 0.00393 gpm/ft/ft. These
results may indicate that the highly weathered shallow zones of the formation are
more likely to transmit the largest percentage of water.

However, it should be noted for the Stockton Formation, that the median yields
and median specific capacity values that do not account for length of open hole,
were significantly higher for wells completed to depths exceeding 300 feet than
for shallower wells. Furthermore, there is little change in the measure of median
specific capacity per foot of open hole after a depth of 100 feet. Therefore, it is
beneficial to drill wells in the Stockton Formation to depths exceeding 100 feet
because additional water-bearing fractures are likely to be encountered and
these fractures are likely to increase the ultimate yield of the well. Wells are
typically drilled to depths exceeding 100 feet to intersect additional water-bearing
fractures and/or to increase the storage capacity of the well.
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Summary

In summary, the well data published by Kasabach in 1966 and the USGS in 1995
indicates that the Stockton Formation has a median yield ranging from 15 to 18
gpm. This bedrock formation is considered a good aquifer capable of meeting
most water-supply needs. The data also indicate that regionally, the Stockton
Formation has a higher capacity to transmit water than the three other bedrock
formations associated with the western portion of the Newark basin and which,
are underlying more than 99.9 percent of West Amwell Township. The USGS
results indicate that a well completed in the Stockton Formation to a depth of
approximately 300 feet is likely to encounter more water-bearing fractures and
therefore, have a higher yield, than a well completed to a depth of approximately
100 feet.

LOCKATONG FORMATION

Location

The Lockatong Formation is encountered in the southern portion of the Township
and encompasses approximately 3.4 square miles (see Figure 6). The thin-
bedded shales of this formation are the primary water-bearing layers and are
often confined by thick-bedded siltstones (Lewis-Brown 1995).

Yields

Kasabach (1966) indicated that the Lockatong Formation is one of the poorest
yielding aquifer systems in Hunterdon County. Widmer (1965) indicates that
thirty-three percent of the wells completed in the Lockatong Formation in nearby
Mercer County have yields of less than 4 gpm and he considered this yield
“inadequate”.

The Hunterdon County study indicated that yields for West Amwell Township
wells completed in the Lockatong Formation generally range from 0.5 to 78 gpm
with a median yield of 4 gpm, which is approximately 25 percent of the median
yield for the Stockton Formation elsewhere in the region.

Data for 348 domestic wells studied by the USGS also indicate that the
Lockatong Formation within the Stony Brook, Beden Brook, and Jacobs Creek
drainage basins is poor yielding (Lewis-Brown 1995). These data indicate a
median yield of 7.0 gpm, which is less than half the median yield of the Stockton
Formation beneath these basins.

Specific Capacity
The data from Kasabach’s (1966) report for Hunterdon County indicates that
within West Amwell Township, the median specific capacity for wells completed
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in the Lockatong is 0.054 gallons per minute per foot of drawdown (gpm/ft).
When the specific capacity data are compared to the open intervals for the wells
reported by Kasabach, the data indicate a median specific capacity per foot of
open hole of 0.00072 gpm/ft/ft.

The data compiled by the USGS indicate that the Lockatong Formation within the
Stony Brook, Beden Brook, and Jacobs Creek basins has a median specific
capacity of 0.115 gpm/ft and a median specific capacity per foot of open hole of
0.00115 gpm/ft/ft (Lewis-Brown 1995). These values are less than one-fourth the
specific capacity measurements determined for the Stockton Formation and
indicate that regionally, the Lockatong Formation has a significantly lower
potential to transmit water.

When the USGS data are compared to the Kasabach data, the Lockatong
Formation’s potential to transmit water beneath West Amwell Township is
significantly lower than encountered in the drainage basins south and east of the
Township where rocks have been more extensively fractured.

The results from the USGS evaluation of median specific capacity per foot of
open hole indicate that this measure of aquifer transmission potential declines
two orders of magnitude with depth. The data for shallow wells, less than 75 feet
deep, have a median value of 0.01240 gpm/ft/ft. At depths greater than 300 feet,
the median specific capacity per foot of open hole declined to 0.00011 gpm/ft/ft.
These results may indicate that the highly weathered shallow zones of the
Lockatong Formation likely transmit most of the water yielded by a well.

The Kasabach (1966) report indicates that wells completed in the Lockatong
Formation beneath West Amwell Township range in depth from 97 to 570 feet
with a median depth of 200 feet. Unlike the Stockton Formation, the median
yields and median specific capacity values do not indicate a significant increase
with depth. In general, the median yields are unchanged with depth and the
median specific capacities decline with depth. Based on these results, drilling
wells in the Lockatong Formation to depths exceeding 150 feet is unlikely to
result in increased yield. Therefore, drilling a well in this formation to a depth
greater than 150 feet primarily serves to increase the volume of water within the
well-bore reservoir.

Summary

The well data published by the Kasabach in 1966 and the USGS in 1995
indicates that the Lockatong Formation is a poor yielding aquifer with a median
yield ranging from 4 to 7 gpm or less than half the median yield for the Stockton
Formation. The data also indicate that the Lockatong Formation has a
significantly lower capacity to transmit water than the Stockton Formation. The
USGS results indicate that a well completed in the Lockatong Formation to a
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depth of approximately 300 feet is not likely to have a higher yield than a well
completed to a depth of approximately 100 feet. Furthermore, the data indicate
that the Lockatong Formation beneath West Amwell Township has less potential
to transmit water than the same formation beneath the Stony Brook, Beden
Brook, and Jacob’s Creek basins in nearby Hopewell Township.

PAssAic FORMATION

Location

Regionally, the Passaic Formation is considered a good aquifer with
characteristics similar to the Stockton Formation. Throughout Hunterdon County
and Mercer County, the Passaic Formation is usually capable of meeting most
water-supply needs. However, when the Passaic Formation is adjacent to a
diabase intrusion, the metamorphic effects from the intrusion have significantly
reduced the ability of the Passaic Formation rocks to transmit and store water.

The Passaic Formation is encountered beneath West Amwell Township in three
bands oriented southwest to northeast. A small band encompassing
approximately 3.9 square miles is located southeast of Sourland Mountain. A
second band of Passaic Formation rocks is located immediately northwest of
Sourland Mountain between the primary diabase sill that forms the mountain and
an interconnected sill further north. The second band encompasses
approximately 0.4-square mile. A third band of the Passaic Formation underlies
the northern portion of the Township and encompasses approximately 8.3 square
miles. A total of 12.6-square miles of the 21.8-square mile Township is underlain
by the Passaic Formation.

Yields
REGIONAL

The fine-grained sandstones, shales, and thin-bedded siltstones of the Passaic
Formation are the primary water-bearing layers. Confining units are often
comprised of massive siltstone beds. In this formation, vertical to near-vertical
joints may interconnect water-bearing zones that parallel bedding.

Kasabach (1966) indicates that the rocks currently referred to as the Passaic
Formation are a reliable resource of water for most uses. Widmer (1965)
indicates that the Passaic Formation is only slightly less yielding than the
Stockton Formation in nearby Mercer County. The Kasabach (1966) study of
Hunterdon County indicated that yields of 528 domestic well completed in the
Passaic Formation within the County generally ranged from 0 to 100 gpm with a
median yield of 15 gpm. Data for 709 domestic wells within the Stony Brook,
Beden Brook, and Jacobs Creek drainage basins that were compiled by the
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USGS indicate that the Passaic Formation has a yield similar to the Stockton
Formation. These data indicate a median yield of 15 gpm for both formations.

LOCAL

Within West Amwell Township, Kasabach (1966) subdivided data for wells
completed in the rocks currently referred to as the Passaic Formation into non-
metamorphosed rocks and “baked” for metamorphosed rocks. The
metamorphosed rocks are also referred to as hornfels, which is the rock type
produced from contact metamorphism.

In the study of the Stony Brook, Jacobs Creek, and Beden Brook basins, the
USGS indicated that hornfels produced from the metamorphism of the Passaic
Formation host rock are often encountered within 1000 feet of the diabase sills
(Lewis-Brown 1995). Given the extensive diabase sills associated with Sourland
Mountain and based on the significantly limited aquifer characteristics of the
Passaic Formation beneath the Township, the extent of metamorphism beneath
West Amwell Township appears to be greater than the 1000-foot estimate made
by the USGS in the drainage basins south and east of the Township. Assuming
that the contact-metamorphism halo around the diabase intrusions in West
Amwell Township is limited to 1000 feet, the metamorphosed Passaic Formation
rocks would encompass approximately 2.9 square miles and the non-
metamorphosed Passaic Formation rocks would encompass approximately 9.7
square miles.

The data compiled by Kasabach (1966) indicate yields for wells completed in the
non-metamorphic Passaic Formation rocks range from 3 to 28 gpm with a
median yield of 6 gpm. The depth of these wells range from 77 to 260 feet with a
median depth of 125 feet.

Within the metamorphosed Passaic Formation rocks, the yields in the Kasabach
(1966) report ranged from 0.5 to 35 gpm with a median yield of 5 gpm. The
depths of these wells ranged from 70 to 410 feet with a median depth of 140 feet.

The data from the Kasabach (1966) report indicate that the yields of wells
completed in the Passaic Formation rocks beneath West Amwell Township are
significantly lower than reported for other areas of Hunterdon County or nearby
Mercer County. The lack of widespread fracturing from faults, and the
metamorphic effects from the extensive diabase intrusions beneath the Township
apparently limit the aquifer characteristics of the Passaic Formation beneath
West Amwell.
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Specific Capacity

The Kasabach (1966) report indicates that the specific capacity of wells
completed in the Passaic Formation within Hunterdon County range from 0 to
30.3 gpm/ft with an average of 1.41 gpm/ft. The data included in the Kasabach
(1966) report for West Amwell Township indicate specific capacities ranging from
0.023 to 0.412 gpm/ft with an average of 0.180 gpm/ft for wells completed in the
non-metamorphosed Passaic Formation rocks.

The median specific capacity for wells completed in these non-metamorphosed
rocks beneath West Amwell Township is 0.105 gpm/ft. Regionally, the USGS
report (Lewis-Brown 1995) indicates a median specific capacity for non-
metamorphosed Passaic Formation rocks of 0.462 gpm/ft.

The data for the metamorphosed Passaic Formation rocks indicate specific
capacities ranging from 0.013 to 2.0 gpm/ft with an average of 0.284 gpm/ft. The
median specific capacity is 0.089 gpm/ft for the metamorphosed Passaic
Formation rocks beneath West Amwell Township and 0.105 gpm/ft for these
same rocks elsewhere in the region.

The specific capacity data from the Kasabach (1966) report indicate that there is
little difference in the aquifer characteristics between the altered and un-altered
Passaic Formation rocks beneath West Amwell Township. Furthermore, the data
indicate that the Passaic Formation aquifer beneath West Amwell Township is
substantially less capable of storing and transmitting water than encountered
elsewhere in this same formation beneath other parts of Hunterdon County or
nearby Mercer County.

The data from West Amwell Township when compared to the data from the
USGS study (Lewis-Brown 1995) indicate a median specific capacity for the non-
metamorphosed Passaic Formation rocks beneath West Amwell Township that is
equal to the metamorphosed Passaic Formation rocks beneath the Stony Brook,
Beden Brook, and Jacobs Creek drainage basins. The USGS study concluded
that the metamorphosed Passaic Formation rocks beneath the Stony Brook,
Beden Brook and Jacobs Creek basins are poor aquifers.

When the specific capacity data from the Kasabach (1966) report are reviewed
with respect to the open interval in the wells, the specific capacity per foot of
open hole for the non-metamorphosed Passaic Formation rocks ranges from
0.0024 to 0.00487 gpm/ft/ft with a median value of 0.00148 gpm/ft/ft. When the
data for the metamorphosed shales are reviewed, the specific capacity per foot
of open hole ranges from 0.00004 to 0.11364 gpm/ft/ft with a median value of
0.00072 gpm/ft/ft or approximately one-half the value determined for the non-
metamorphosed Passaic Formation rocks.
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Well testing data compiled by Stover’'s Wells and Pumps for 16 lots in the Mount
Airy section of the Township indicate specific capacities ranging from 0.007 to
0.030 gpm/ft with a median specific capacity of 0.018 gpm/ft. If these data are
evaluated with respect to the length of the open interval in each well, the median
specific capacity per foot of open hole is 0.000042 gpm/ft.

The data compiled by the USGS indicate that the Passaic Formation has a
median specific capacity per foot of open hole of 0.00393 gpm/ft/ft (Lewis-Brown
1995). This median specific capacity per foot of open hole is nearly 3 to as much
as 93 times greater than for wells in this same formation in West Amwell
Township. The data from wells completed in West Amwell Township indicate
aquifer systems in the metamorphosed and non-metamorphosed Passaic
Formation rocks are significantly less capable of transmitting water than aquifer
systems in these same rock types in other local municipalities.

Depth

The results from the USGS evaluation of median specific capacity per foot of
open hole indicate an order of magnitude decrease with depth. This evaluation
suggests that the aquifer’s ability to transmit water decreases with depth. The
data for shallow wells, less than 75 feet deep, have a median specific capacity
per foot of open hole of 0.01520 gpm/ft/ft. At depths greater than 300 feet, the
median specific capacity declined to 0.00076 gpm/ft/ft. These results indicate that
the highly weathered shallow zones of the formation are more likely to transmit
the largest percentage of water.

Unlike the Stockton Formation, the median yields and median specific capacity
values for the Passaic Formation are not significantly changed with depth. The
results of the USGS depth analysis on median specific capacity per foot of open
hole for the Passaic Formation suggests that drilling to depths greater than 200
feet is unlikely to provide significant additional yield.

Summary

The local well data included in the Kasabach (1966) report as well as data from
the Mount Airy section of the Township indicate that the Passaic Formation
beneath West Amwell Township is significantly less capable of transmitting or
storing water than elsewhere in Hunterdon County or nearby Mercer County.

Data in Kasabach (1966) report and the USGS (Lewis-Brown 1995) report
indicate that regionally, the Passaic Formation has a median yield ranging from
10 to 15 gpm. The data from the Kasabach (1966) report for West Amwell
Township indicates a median yield of 6 gpm for non-metamorphosed Passaic
Formation rocks and 5 gpm for metamorphosed Passaic Formation rocks, which
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are substantially less then in other nearby Townships where past metamorphism
has not significantly altered the formation characteristics.

Data from the Kasabach (1966) report indicate specific capacities for wells
completed within the Passaic Formation in West Amwell Township are
significantly lower than elsewhere in Hunterdon County or nearby Mercer County.
These data and aquifer testing data from the Mount Airy section of the Township
clearly indicate that the aquifer characteristics of the Passaic Formation beneath
West Amwell Township have been adversely altered by past metamorphism.
Furthermore, the data indicate that the Passaic Formation rocks beneath West
Amwell Township are significantly less capable of transmitting and storing water
than non-metamorphosed Passaic Formation rocks elsewhere in Hunterdon
County and Mercer County.

DIABASE

Locations

The diabase intrusions are highly resistant to erosion and as a result are found at
the highest elevations in West Amwell Township. The largest diabase sills are
encountered beneath Sourland Mountain. Two large linear sills are directly
connected to Sourland Mountain. One of these sills parallels and is directly north
of Rocktown-Lambertville Road and the second one trends to the southwest from
Wilson to Mount Airy (see Figure 6).

Two smaller sills have also been mapped in the Township. The first one is
located north of West Amwell School and the second intersects the border with
Lambertville (see Figure 6). These diabase intrusions encompass approximately
5.9 square miles or 27 percent of West Amwell Township.

Yields

Regionally, diabase forms very poor aquifer systems except where transected by
local fault. Diabase generally has few fractures and distances of more than 1 foot
often separate these fractures. In outcrop, these fractures are often not vertically
extensive. In West Amwell Township, the two small diabase sills are truncated
but not transected by mapped faults. The USGS and NJGS did not identify any
faults or major fractures transecting Sourland Mountain or the associated sills to
the north.

Kasabach (1966) indicated that the diabase is the “...poorest source of water...”
in Hunterdon County. Widmer (1965) indicated that wells in the diabase of
nearby Mercer County have poor yields. Data from the Kasabach (1966) report
indicate that yields for West Amwell Township domestic wells completed in the
diabase generally range from 0.0 to 33 gpm with a median yield of 5 gpm.
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Data for 97 domestic wells within the Stony Brook, Beden Brook, and Jacobs
Creek drainage basins evaluated by the USGS indicate that the diabase sills
have poor yields. These data indicate a median yield of 5.0 gpm for the diabase
(Lewis-Brown 1995).

Specific Capacity

Data from the Kasabach (1966) report indicates that the median specific capacity
of domestic wells completed in the diabase beneath West Amwell Township is
0.090 gpm/ft. When these data are compared to the length of open hole in the
well, they indicate a median specific capacity per foot of open interval equal to
0.00103 gpml/ft/ft. The data compiled by the USGS indicate that the diabase has
a median specific capacity per foot of open hole of 0.00143 gpm/ft/ft (Lewis-
Brown 1995). This value is equivalent to approximately 26 percent of the specific
capacity per foot of open hole determined for the Stockton Formation and
indicates that regionally, the diabase has a transmissivity similar to the
Lockatong Formation. The data from the Kasabach (1966) report indicate a
similar finding regarding the ability of the Lockatong Formation and diabase to
transmit water both regionally and locally.

These specific capacity measurements might be significantly lower if data from
wells with little or no usable yield that were drilled but not placed in service or
tested, were included in the data. The USGS and Kasabach (1966) reports
indicate that data were limited to wells placed in service. Discussions with local
well drillers indicate that wells have been drilled in the diabase with little or no
usable yield and therefore, not used and placed in service.

The results from the USGS evaluation of median specific capacity per foot of
open hole indicate that this measure of aquifer transmission potential declines
nearly two orders of magnitude with depth (Lewis-Brown 1995). The data for
shallow wells, less than 75 feet deep, have a median value of 0.00906 gpm/ft/ft.
At depths greater than 126 feet, the median specific capacity per foot of open
hole declined to 0.00023 gpm/ft/ft.

These results indicate that nearly all water from a diabase well is derived in
shallow bedrock where weathering has enhanced openings between blocks of
impervious rock. Furthermore, these data indicate that unless a well is completed
in a weathered portion of the diabase sill, that there may be insufficient water
available. Based on these results, drilling of wells in the diabase to depths
exceeding 125 feet is unlikely to provide additional yield to the well.

In summary, the well data published in the Kasabach (1966) report and the
USGS (Lewis-Brown 1995) indicate that the diabase is a very poor yielding
aquifer with a median yield of 5 gpm, which is less than one third the median
yield for the Stockton Formation. The data also indicate that the diabase has a
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significantly lower capacity to transmit water at depth. The USGS results indicate
that wells completed to depths exceeding 125 feet are unlikely to intersect
additional water-bearing fractures.

HYDROGEOLOGIC ZONES

Table 2 provides a summary of the bedrock and aquifer characteristics of the
Triassic-Jurassic rocks beneath West Amwell Township. A comparison of local
data from the Kasabach (1966) report to other data for Hunterdon County in this
NJGS report or the USGS study (Lewis-Brown 1995) indicate that bedrock
aquifers beneath West Amwell Township are significantly less capable of yielding
or transmitting water than measured elsewhere in Hunterdon County or nearby
Mercer County.

The non-metamorphosed Passaic Formation rocks, which regionally form good
water-supply aquifers, beneath West Amwell Township, have yield and
transmission characteristics that are one-third to one-fourth those encountered
elsewhere in Hunterdon County or nearby Mercer County. The Lockatong
Formation, which is regionally recognized as a poor aquifer, has characteristics
beneath West Amwell Township that are approximately 60 percent of those
encountered south and east of the Township. The diabase and resulting
hornfels/metamorphic Passaic Formation rocks beneath West Amwell Township
have aquifer yield and transmission characteristics only slightly less than those
reported regionally for these very poor aquifers.

Although the aquifers beneath West Amwell Township have significantly poorer
yields and lower capability to transmit water than contemporaneous rock aquifers
elsewhere in Hunterdon County and Mercer County, there is little significant
difference in the median yield, specific capacity, and specific capacity per open
hole interval between the rock types beneath West Amwell Township. While the
non-metamorphosed Passaic Formation rocks may have a slight advantage in
yield and specific capacity measures, these differences are not as substantial as
measured on a regional basis. Therefore, the Township could be considered to
be underlain by one hydrogeologic unit with only a slight advantage to those
portions underlain by non-metamorphosed Passaic Formation rocks.

AQUIFER RECHARGE

Water Balance

PRECIPITATION

A water balance can be used to evaluate inflow and outflow parameters
associated with a hydrologic system. The inflow parameter to the equation,
precipitation, can be directly determined from historical information. The outflow
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parameters, evapotranspiration, groundwater recharge, and surface-water runoff
are determined by indirect methods. The water balance can be used to evaluate
the assumptions made in estimating these indirect parameters and provides a
general range of possible values for these parameters. Since the equation is a
balance, the inflows must equal the outflows and therefore, the assumptions can
be tested as the parameter values are refined.

Bedrock aquifers are replenished by incident precipitation that infiltrates through
soils into fractures and other openings in the rock. Based on historical
precipitation measurements collected by the National Climatic Data Center for
the past 115 years at Lambertville, West Amwell Township receives
approximately 45.4 inches of precipitation per year during a year of normal
precipitation. In general, the precipitation is evenly divided through the year with
February and October receiving slightly less rainfall than average and May, July,
and August receiving slightly more than average precipitation. The precipitation
data are summarized in Table 3.

Using the water balance of the hydrologic cycle, precipitation must equal the sum
of groundwater recharge, evapotranspiration, and surface runoff. If an area has
one or more large water bodies with respect to total surface area, direct
precipitation to this body and the resulting evaporation from this body, should
also be included in the water balance. Based on NJDEP GIS information, lakes
and ponds encompass approximately 93 acres or 0.6 percent of the Township.
Since West Amwell does not have any large surface-water bodies with respect to
the total surface area of the Township, direct precipitation and evaporation from
surface-water bodies are not included in the water balance evaluation.

The water balance is described by the following equation:
P=GWR+SWR+ET (1)
Where:

P = Precipitation

GWR = Groundwater Recharge
SWR = Surface-Water Runoff
ET = Evapotranspiration

Equation 1 can be rearranged to evaluate the groundwater recharge parameter.

SURFACE-WATER RUNOFF

Surface-water runoff is dependent on the types and density of vegetation,
surface area of impervious materials, gradient of slopes, and the intensity and
duration of rainfall. Surface-water runoff is comprised of two components. One of
these components is overland flow, which occurs when the infiltration capacity of
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the soils is exceeded and the water flows over the land surface to a stream
channel. In poorly drained soils, along steep slopes, and/or in highly developed
areas with impervious surfaces, a very large percentage of rainfall will runoff the
land surface to the nearest stream channel.

The second of these components of surface-water runoff is referred to as
interflow or throughflow and includes water that infiltrates soils to a shallow depth
and then follows an impermeable surface such as a clay layer, fragipan, or
bedrock surface, to a discharge point. Interflow/throughflow should not be
included with groundwater recharge because this water does not infiltrate to the
saturated zone or water table and is quickly discharged to a stream. Since the
bedrock aquifers supplying drinking water to West Amwell Township residents
are saturated aquifers and most likely water-table aquifers, if the precipitation
does not infiltrate to an aquifer, it is not a groundwater resource for the Township.

Often in areas with poor infiltration, steep slopes, and weakly fractured bedrock,
streams as depicted on USGS 7.5-minute topographic quadrangles as blue lines,
will start at high elevations. Water is incapable or at best, significantly limited in
infiltrating the underlying bedrock aquifer systems and therefore, quickly runs off
the land surface or throughflows immediately below the ground surface often
along the top of bedrock to the nearest stream system.

Based on soils mapping (Jablonski 1988), approximately 10 percent of West
Amwell Township is underlain by soils with slopes equal to or exceeding 12
percent. As discussed above, the bedrock beneath much of West Amwell
Township is very weakly fractured and is either comprised of hard, dense
diabase or has undergone extensive metamorphism as a result of the diabase
intrusions. As would be expected and as shown on Figure 4, streams in West
Amwell Township start very near the highest elevations within the municipality
indicating the difficulty for water to infiltrate to significant vertical depths.

As part of a detailed evaluation of groundwater conditions within the Stony Brook,
Beden Brook, and Jacobs Creek drainage basins, the USGS evaluated surface-
water runoff. Based on this evaluation, surface-water runoff in the Stony Brook
basin in areas underlain primarily by the Stockton and fractured Passaic
Formation, is approximately 11.8 inches per year or 26 percent of annual
precipitation (Lewis-Brown 1995). In areas underlain by diabase, the USGS
determined that surface-water runoff is approximately 15.9 inches per year or
approximately 35 percent of annual normal precipitation (Lewis-Brown 1995).

Given the steep gradient of slopes in West Amwell Township, the starting
elevations of stream headwaters, the extent of diabase intrusions and associated
metamorphism and the very poor aquifer transmissivity and storage capacities,
surface-water runoff is likely to be a very large component of the water balance.
As such, surface-water runoff is likely to equal or possibly exceed, the 15.9
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inches per year determined by the USGS for areas underlain by diabase in the
Stony Brook, Beden Brook and Jacobs Creek basins.

EVAPOTRANSPIRATION

As part of the hydrologic cycle, water is returned to the atmosphere by
evaporation from open water bodies and surface soils, and transpiration from
vegetation. These two variables of the water balance are referred to as
evapotranspiration.

Evapotranspiration is greatest during the summer months because of higher
temperatures and active growth of plants and trees. During the winter months
evapotranspiration in  northern New Jersey is usually negligible.
Evapotranspiration is the largest component of the water balance and may
account for approximately 50 to 67 percent of precipitation.

As part of the Stony Brook, Beden Brook, and Jacobs Creek evaluation, the
USGS developed a potential evapotranspiration estimate of 27.3 inches per year
for these basins (Lewis-Brown 1995). The Thornthwaite Method was used by the
USGS and has been used in New Jersey for several years to assess potential
evapotranspiration (Charles 1993). Mean temperature and precipitation data from
the National Climatic Data station in Lambertville were input values used in the
Thornthwaite Method to calculate potential evapotranspiration for West Amwell
Township. Based on these calculations and as shown in the above table,
approximately 28.5 inches or 63 percent of annual precipitation to West Amwell
Township evaporates or is transpired to the atmosphere.

GROUNDWATER

In the above equation, P equals 45.4 inches per year, SWR ranges from 11.8 to
15.9 inches per year, and ET ranges from 27.3 to 28.5 inches per year. Based on
these values and the water-balance equation, groundwater recharge to the
aquifers beneath West Amwell Township should range from 1 to 6.3 inches per
year.

The high end of this recharge range assumes that surface-water runoff in West
Amwell Township is similar to runoff from the Passaic Formation and Stockton
Formation beneath the Stony Brook, Beden Brook, and Jacobs Creek basins.
Based on local hydrogeologic data, the Passaic Formation rocks beneath West
Amwell Township are not extensively fractured and because of extensive
metamorphism, have aquifer characteristics similar to the diabase and Lockatong
Formation. Therefore, runoff is more likely to be closer to 15.9 inches per year
versus the 11.8 inches per year measured for the Passaic Formation south and
east of West Amwell Township. As a result, groundwater recharge is likely to be
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nearer the 1-inch per year end of the range instead of the 6.3 inches per year
limit.

Groundwater Recharge

GROUNDWATER
The following is a quote from the textbook Groundwater (Freeze & Cherry 1979):

“The term groundwater is usually reserved for the subsurface water that
occurs beneath the water table in soils and geologic formations that are
fully saturated”.

Water must enter a fully and perennially saturated zone also known as an aquifer
system to be available as a water resource exploitable with wells. Water in
stream banks, flood plains, snowpack, wetlands or seasonally wet perched zones
in soils or bedrock is not groundwater. Water pooled on a fragipan layer or
bedrock would not be considered groundwater unless this zone is extensive.
Water that infiltrates through soils but not to a fully saturated zone is not
groundwater. Water that does not migrate to an aquifer system is not available to
wells and therefore, should not be included in groundwater recharge estimates.

BASEFLOW

Several methods have been developed for evaluating groundwater recharge to
aquifer systems. Since groundwater recharge must be measured indirectly and is
usually calculated from streamflow data, most of these methods attempt to
determine baseflow. During prolonged periods of dry weather, the flow of water in
a stream is a result of groundwater discharging to that stream. This discharge of
groundwater is referred to as baseflow. Since the hydrologic cycle is a balance
and the volume of water entering must equal the volume of water exiting a
system, the volume of groundwater discharging to a stream as baseflow is
considered equal to the volume of recharge entering the groundwater system.

Several graphical methods have been developed and are often referred to as
‘hydrograph separation”, for evaluating baseflow to estimate groundwater
recharge. However, these methods are often dependent and therefore, can be
biased by the observer. The USGS notes in the document entitled “HYSEP: A
Computer Program For Streamflow Hydrograph Separation And Analysis” (Sloto
et al. 1996) that even when the same hydrograph-separation method is followed
by two different hydrologists, each hydrologist is likely to produce a different
baseflow estimate.
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Based on the analyses conducted and described in the article entitled “Problems
Associated with Estimating Ground Water Discharge and Recharge from Stream-
Discharge Records”, the authors found that hydrograph-separation techniques
are “poor tools” for estimating groundwater discharge or recharge (Halford 2000).
Furthermore, these authors found that the groundwater component in streamflow
records could not be clearly defined because of complications associated with
discharges from bank-storage, floodplain soils, wetlands, surface-water bodies,
and seasonal sources such as snowpack and seasonally perched zones in soils
and bedrock.

Discharges from these features should not be included in a groundwater
recharge analysis because this water did not infiltrate to the underlying aquifer
system. Inclusion of discharges from these sources would result in significant
overestimates of groundwater recharge. Simply, if the water did not infiltrate to
the perennially saturated zone, it did not enter the groundwater/aquifer system
used to supply water to wells and therefore, should not be included in estimates
of groundwater/aquifer recharge.

Based on the water balance, groundwater recharge to the aquifer systems
beneath West Amwell Township should range from 1 to 6.3 inches per year and
given the poorly fractured nature and extensive metamorphism, there is a high
probability that recharge is near the low end of this range. In a water balance,
precipitation is generally considered to be the only parameter that is directly
measured and the outflow parameters of surface-water runoff, groundwater
recharge, and evapotranspiration are indirectly determined. Several method used
to evaluate groundwater recharge are discussed below.

7Q10/MA7CD10

In the 1996 document entitled “Vital Resource, New Jersey Statewide Water
Supply Plan”, the NJDEP indicates that “From a regulatory perspective, low
stream flow, or base flow (the groundwater contribution to a stream), serves as
the primary criterion for managing New Jersey’s water resources. The most
common stream discharge employed for this purpose is the MA7CD10, or the
seven consecutive days of lowest flow that may be expected to occur once
during a ten-year interval.” The USGS and others refer to this measure as 7Q10.

With this measure, the mean lowest streamflow for 7 consecutive days of a 10-
year period is used and the USGS indicates that there is a ten-percent chance of
this occurring in any one year. Where planning for floods is often conducted
based on a recurrence interval of 1 in 100 years, planning for water supply using
a recurrence interval of 1 in 10 years is reasonable but not conservative. Based
on data compiled by the National Climatic Data Center, New Jersey experienced
four droughts of several years in length in the past 100 years and experienced at
least one short-term drought every decade since 1900.
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Using the 7Q10 to assess water-supply resources may be considered
conservative by some because the lowest flow occurs during periods of
extensive dry weather. However, the method may provide the most reliable
approach for ensuring adequate and safe water supplies because it is a direct
measure of groundwater discharge. During extensive periods of dry weather,
water contributions from shallow resources such as bank-storage, wetlands, and
floodplains most likely have been significantly reduced or eliminated and
therefore, it can be reasonably assumed that all flow in the stream under these
conditions is derived entirely from the underlying aquifer systems.

The USGS has determined 7Q10 values for Alexauken Creek at Lambertville and
Moore Creek at Titusville. The 7Q10 for the 14.8 square mile Alexauken Creek
drainage basin is 0.15 cubic feet per second (cfs) and for the 10.2 square mile
Moore Creek basin is 0.03 cfs. If all of this flow under these conditions is derived
from groundwater discharged from the underlying aquifer, then groundwater
recharge equals 0.14 and 0.04 inches per year in the Alexauken and Moore
Creek drainage basin, respectively.

The 7Q2 or low flow for 7 consecutive days in a 2-year period values for
Alexauken and Moore Creeks are 0.50 and 0.15 cfs. If these values, which the
USGS indicate that there is a 50 percent chance of occurring in a year, are
substituted for the 7Q10 values, groundwater recharge equals 0.46 and 0.20
inches per year. The 7Q10 and 7Q2 rates for Alexauken and Moore Creek are
further indication that the aquifers beneath West Amwell Township are very
poorly recharged and have limited ability to store and transmit water.

The 7Q10 and 7Q2 flow rates in Alexauken and Moore Creeks indicate very low
potential groundwater recharge rates ranging from 0.04 to 0.46 inches per year.
Given the steep slopes of the Alexauken and Moore Creek channels and the
proximity of the Delaware River, which is a large regional recipient of
groundwater discharge, some portion of groundwater recharge to West Amwell
Township may bypass these streams and flow through a deeper portion of the
aquifer to the Delaware River. However, since the headwaters for these streams
are located at some of the highest elevations within the Township, the direct flow
to the Delaware River is unlikely to be significant additional volume.

NJGS MODIFIED METHOD

AQUIFER VERSUS “GROUNDWATER” RECHARGE

The NJGS developed a method for estimating “groundwater” recharge based on
soil types, land use, and municipal climate factors (Charles 1993). The NJGS
method, which has been proposed for use statewide as a “planning tool” to
identify areas of potential groundwater recharge, modifies the water balance
equation by using factors for recharge, climate, and drainage basin that are
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based on general soil types, municipal location, and land use/land cover. The
method does not consider differences in slope gradients, depth to bedrock,
presence of impervious surfaces, topography, and/or type of bedrock underlying
soils. As a result, the method does not measure rates of recharge to a fractured
bedrock aquifer system such as systems beneath West Amwell Township.

The NJGS states that this method is for determining “groundwater” recharge as
opposed to “aquifer’ recharge. The NJGS makes the distinction by indicating that
“‘groundwater” recharge is the volume of water that migrates through soils
whereas, “aquifer” recharge is the volume of water that enters a geologic
formation that is capable of economically yielding water to wells or springs. This
distinction is significant because water may migrate through unsaturated soils but
not sufficiently infiltrate to a water-table aquifer or the saturated zone. If the water
does not infiltrate to the saturated zone, it should be considered throughflow or
interflow. If the water does not recharge an aquifer, residents of West Amwell
Township cannot use it for water supply.

Based on traditional hydrogeologic definitions, the results of the NJGS method
should be referred to as soil recharge rates as opposed to groundwater or aquifer
recharge rates. As indicated in the textbook Groundwater (Freeze & Cherry
1979) “ (t)he term groundwater is usually reserved for the subsurface water that
occurs beneath the water table in soils and geologic formations that are fully
saturated.” In West Amwell Township and elsewhere in Hunterdon County and
nearby Mercer County, most water-supply wells are completed in fractured
bedrock aquifers that are under water-table conditions. Therefore, inclusion of
water that does not infiltrate to the water-table aquifer in a recharge analysis will
result in significant overestimates of water-supply availability and underestimates
of the areas necessary to ensure adequate recharge is available to dilute
contaminants in groundwater from septic systems.

Throughout this M? Associates report and as typically referenced in USGS
reports and hydrogeologic texts, the term groundwater recharge refers to water
that infiltrates to the saturated zone, which for West Amwell Township and
Hunterdon County are significant water-supply aquifer systems. With the
exception of few references to groundwater recharge within quotation marks in
this section of the report, the terms aquifer recharge and groundwater recharge
have the same definition and refer to water that infiltrates to an aquifer system.
The term soil recharge will be used in reference to rates determined with the
NJGS Modified Method.

SoIL RECHARGE RATES

Although the soil recharge rates calculated with the NJGS method are not
appropriate for evaluating groundwater recharge or water-supply availability for
West Amwell Township, they are summarized in Table 4 for comparison
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purposes to other methods and because they are sometimes presented to
Townships as supporting evidence that adequate groundwater is available. The
soil recharge rates summarized in Table 4 were calculated with NJGS method
using a Microsoft Excel Workbook (Hoffman 1999B) for the soils mapped in West
Amwell Township.

A median recharge rate per soil type was determined by applying all 13 land use
categories available in the NJGS method. These median soil recharge values
range from 7.7 to 13.7 inches per year. The method cannot calculate soil
recharge for several soils associated with wetlands, open water, or hydric soils.
The highest rates of recharge were calculated for the gravel pits/former quarries,
which are located beneath Mount Airy-Harbourton Road and along Old River
Road (Jablonski 1988).

Although more than 80 percent of the soils in West Amwell Township have
severe limitations for septic systems primarily because of shallow bedrock,
seasonal high water, and/or steep slopes. The NJGS method indicates that these
soils are recharged at high rates, which would suggest that septic systems
should not be limited.

The Legore soils are primarily found in areas underlain by diabase and the
Chalfont soils are in areas underlain by the Lockatong argillites. The NJGS
method indicates that these soil types have soil recharge rates of 9.8 and 8.7
inches per year, respectively. Bucks soils are encountered primarily in areas
underlain by the Stockton and Passaic Formations and have a soil recharge rate
calculated with the NJGS method of 9.5 inches per year.

Based on the extensive USGS studies in the Stony Brook, Beden Brook, and
Jacobs Creek basins, equivalent recharge rates to these bedrock units through
the overlying soils is not evident. The USGS studies, which used more widely
accepted streamflow and computer modeling methods, do not indicate recharge
rates that are equivalent for the Stockton, Passaic, and Lockatong Formations
and the diabase. Furthermore, these studies indicate significantly lower recharge
rates for the diabase and Lockatong Formation than 9.8 and 8.7 inches per year.

Since the NJGS soil recharge rates for West Amwell Township cannot be
supported by empirical streamflow data and the water balance, and since the
NJGS made a clear distinction that their model does not determine “aquifer”
recharge, this method should not be used to assess recharge rates to aquifer
systems beneath West Amwell Township. Based on geologic conditions, the
results of the NJGS GSR-32 evaluation are not reliable for assessing
groundwater recharge rates beneath West Amwell Township nor are they reliable
for evaluating water-supply resources.
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USGS STUDIES

The USGS has conducted two extensive studies of the Stony Brook, Beden
Brook, and Jacobs Creek drainage basins (Jacobsen 1993 and Lewis-Brown
1995). Data from the Jacobsen (1993) study were used to prepare a computer
model during the Lewis-Brown (1995) study. This model was calibrated to
simulate hydrogeologic conditions within the three basins.

Based on the computer simulation of the Stony Brook, Beden Brook and Jacobs
Creek basins, the USGS determined recharge rates of 4.11 inches per year for
the diabase and 8.20 inches per year for the combined Stockton, Lockatong, and
Passaic Formations. These recharge rates were also determined for basins with
substantially more faulting/fracturing than encountered beneath West Amwell
Township.

As part of the Stony Brook, Beden Brook, Jacobs Creek study, the USGS
determined that the recharge rate to the diabase is approximately 4.11 inches
per year. However, this recharge rate is approximately one inch greater than the
average recharge rate determined from the streamflow data summarized in the
1993 and 1995 USGS reports for streams underlain by diabase (Lewis-Brown
1995). The baseflow data indicate a recharge rate of approximately 3.15 inches
per year. Since these baseflow measurements were made during a year of
above normal precipitation and streamflow, the recharge estimate of 3.15 inches
per year is most likely high. Although the recharge rate to the diabase is most
likely less than 3.15 inches per year, apparently there are no long-term
streamflow data available to refine this measurement.

HORDON STUDIES

Hordon (1984, 1987, and 1995) has conducted several studies of groundwater
recharge to the Triassic-Jurassic rocks and in particular the Lockatong Formation
and the diabase. These studies included evaluations of the water resource of
Sourland Mountain, Delaware Township, and Kingwood Township in Hunterdon
County.

Hordon summarized various streamflow analyses conducted to determine
recharge to the diabase and Lockatong Formation. Based on these analyses,
Hordon summarized a recharge range from approximately 52,000 to 319,000
gallons per day per square mile (gpd/mi®). The lower end of this range was
determined from data for streams with only partial records and the upper end of
the range was for streams that were not primarily underlain by Lockatong
Formation and/or diabase.

Hordon concludes that a reasonable estimate of recharge to the Lockatong
Formation and diabase during periods of normal precipitation generally ranges
from 100,000 to 200,000 gpd/miz, which is equivalent to 2.1 to 4.2 inches per
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year. Given the similarity of aquifer characteristics in West Amwell Township
between the diabase, Lockatong Formation, and Passaic Formation, this
recharge range would be applicable for all three rock types beneath the
Township.

NJGS BASEFLOW EVALUATION

In the Canace (1992) report, the NJGS evaluated baseflow data from stream
basins throughout New Jersey to assess water supply conditions. In this
evaluation, the NJGS used two hydrograph separation methods. The results from
the Sliding Interval Method include discharges other than those from underlying
groundwater systems and result in significant overestimates of groundwater
availability. As indicated in the Halford (2000) report, this method can result in
erroneous estimates of groundwater recharge.

The NJGS also used the Posten Method, which was developed to reduce some
uncertainties associated with groundwater recharge estimates from hydrograph
separation techniques. However, this method does not eliminate contributions
from all non-groundwater sources. This method was developed using aquifer
systems in New Jersey.

The NJGS evaluated three streams in Hunterdon County that are primarily
underlain by the same Triassic-Jurassic rocks that are mapped beneath West
Amwell Township. These streams include Walnut Brook near Flemington, the
Neshanic River near Reaville, and Stony Brook at Princeton. Demicco (2002)
indicates that streamflow in Walnut Brook is affected by its proximity to the
Flemington Fault and therefore, this stream is not appropriate for evaluating
recharge to the poorly fractured areas of West Amwell Township.

Based on the Posten Method analysis by the NJGS, for the period 1931 to 1989,
the Neshanic River near Reaville indicated a mean recharge rate of 5.51 inches
per year. For the period 1960 to 1966, the streamflow data indicated a recharge
rate of 4.10 inches per year. Using this same method, the NJGS analysis of
Stony Brook at Princeton indicated a mean recharge rate of 5.12 inches per year
for the period 1954 to 1989. During the period from 1960 to 1966, the streamflow
data from Stony Brook at Princeton indicated a recharge rate of 4.20 inches per
year. New Jersey experienced a severe drought during the period from 1962 to
1966, with average precipitation equal to approximately 82 percent of normal
year precipitation.

The streamflow data for the Neshanic River at Reaville and Stony Brook at
Princeton include groundwater discharges from highly fractured areas underlain
by the Stockton and Passaic Formations. Based on the aquifer characteristics
and local streamflow data for West Amwell Township, it is highly unlikely that
recharge rates are similar to those determined from these large stream basins.
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Summary

Several alternative methods have been used to assess potential groundwater
recharge rates for the geologic formations beneath West Amwell Township.
Table 5 summarizes these rates and the analyses used to determine
groundwater recharge. Although soil recharge rates may be presented to the
Township Planning Board as evidence of adequate water supply, the method is
not appropriate for evaluating groundwater resources and therefore, was not
included in Table 5.

Each of the analytical methods used to determine recharge rates necessarily
includes assumptions. The median recharge rate from these analyses ranges
from 2.1 to 5.5 inches per year. However, the upper end of this range includes
recharge to the highly fractured Stockton and Passaic Formation beneath the
Stony Brook, Beden Brook and Jacobs Creek basins. The Stockton Formation
encompasses less than 3-acres of West Amwell Township. Based on the local
data, the Passaic Formation beneath West Amwell Township has been
significantly altered and the aquifer characteristics of these rocks are unlike those
Passaic Formation rocks south and east of the Township.

If the recharge rate to the Passaic Formation and Stockton Formation rocks in
Stony Brook, Beden Brook and Jacobs Creek basins is excluded, the median
groundwater recharge rate ranges from 2.1 to 4.9 inches per year. Converting
these recharge rates to gallons per day per acre (gpd/acre) indicates a range
from 156 to 361 gpd/acre.

Based on the studies by Hordon and the USGS evaluation of the diabase in the
Stony Brook, Beden Brook and Jacobs Creek basins, the lower recharge rates in
this range are most appropriate for areas underlain by the Lockatong Formation,
the metamorphosed Passaic Formation, and the diabase. Based on these
studies, recharge to the Lockatong Formation, the hornfels, and diabase beneath
West Amwell Township most likely is 2.1 inches per year.

The non-metamorphosed Passaic Formation in the Stony Brook, Beden Brook
and Jacobs Creek basins has significantly greater ability to store and transmit
water than the Lockatong Formation, the hornfels, and diabase in these same
basins. Based on local well data, this significant difference in transmission and
storage capability is not apparent in West Amwell Township. However, there is a
slight difference in the aquifer characteristics and the recharge rate of 4.9 inches
per year to these unmetamorphosed rocks may be supportable.
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WATER SUPPLY

DEMAND

As part of the recent statewide planning efforts, the NJDEP (1996) assumed a
per capita water use rate of 75 gallons per day for residential self-supplied
demand. The New Jersey Water Supply Authority (NJWSA 2000) indicates a
guideline value of 140 gallons per day per capita. N.J.A.C. 7:10-3.32 and 7:10-
12.6 both indicate that the average daily demand is 100 gallons per day per
person. The per capita demand suggested by the New Jersey Administrative
Code appears to be a reasonable mid-range estimate of daily personal water
demands and may include a factor of safety if the NJDEP (1996) estimate is
accurate.

Based on US Census data for 2000, West Amwell Township is occupied by
2,383 people in 984 housing units, which indicates a dwelling unit density of 2.4
persons per household. Based on the population of the Township and the
average daily demand indicated in N.J.A.C. 7:10, West Amwell residents
currently consume more than 0.24 million gallons per day (mgd) or 87 million
gallons per year (mgy). Based on data from the NJDEP, there are currently no
public community water-supply wells within West Amwell Township.

DEPENDABLE YIELD

Definition

The NJDEP (1996) Statewide Water Supply Plan defines the dependable yield
as “...the water yield maintainable by a ground water system during projected
future conditions, including both a repetition of the most severe drought of record
and long-term withdrawal rates without creating undesirable effects.” A similar
definition is included in N.J.A.C. 7:19-6 and the New Jersey Water Supply
Management Act 58:1A-3h. The “Drought of Record” as currently defined
occurred in the mid-1960's with 1962 to 1966 recording below normal
precipitation equal to approximately 82 percent of normal precipitation. In 1965,
New Jersey received approximately 30 inches of precipitation, which is two-thirds
of normal precipitation and this year was the most severe year of the drought.

Maintainable Yield

Drought conditions can alter the hydrologic water balance for an area depending
on the time of year the precipitation shortfall occurs. During the winter months, a
precipitation shortfall will adversely impact groundwater recharge and to a lesser
degree, surface-water runoff. Evapotranspiration is negligible in winter months so
this parameter is unaffected by precipitation shortfalls during cold weather.
During summer months, precipitation shortages adversely impact
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evapotranspiration and surface-water runoff. Groundwater recharge is naturally
reduced during the summer when most precipitation is rapidly consumed by
vegetation and generally, this parameter is not as significantly affected by a
warm weather drought as are surface-water runoff and evapotranspiration.
Droughts that occur over several years such as the “Drought of Record”
adversely impact all water-balance parameters.

Based on stream discharge measurements compiled by the USGS in Stony
Brook from October 1, 1953 to September 30, 1998, the median flow rate as
measured in Princeton is 22 cubic feet per second. For the years 1962 through
1966, the median flow rate was 11 cubic feet per second or 50 percent of normal
flow for the period of record. These streamflow data suggest that if prolonged
drought conditions equally affect all water-balance parameters, that groundwater
recharge may be reduced 50 percent.

Using these same streamflow data, the NJGS estimated baseflow using
hydrograph separation methods for the periods 1954 to 1989 and 1960 to 1966
(Canace 1992). From 1954 to 1989, baseflow was 5.12 inches per year. During
the period of 1960 to 1966, baseflow was 4.20 inches per year. The 1960 to 1966
baseflow estimates are approximately 82 percent of the long-term estimates. The
analyses for the Neshanic River at Reaville indicates baseflow for the period
1960 to 1966 was approximately 75 percent of the rate determined for 1931 to
1989.

Although these estimates indicate below normal-year recharge, they are likely
overestimates of recharge for droughts because data from 1960 and 1961 were
included as were other non-groundwater resources. Precipitation in 1960 and
1961 slightly exceeded normal precipitation and therefore, is not a period of
drought. Given the precipitation data and using the NJGS baseflow estimates, it
could be assumed that a drought similar to the “Drought of Record” would likely
result in precipitation rates and groundwater recharge rates equal to
approximately 75 to 82 percent of normal-year rates.

Reasonable arguments could be made using the Stony Brook at Princeton
streamflow data that groundwater recharge during a prolonged drought ranges
from 50 to 82 percent of normal-year recharge. Drought recharge calculations
based on the limits of this range will most likely result in either overly
conservative or non-existent margins of safety. Although groundwater in storage
within an aquifer could be used to buffer a short-term drought, this limited
resource could be quickly consumed resulting in adverse long-term impacts to
the aquifer system in a prolonged drought. Therefore, a reasonable margin of
safety is necessary to ensure adequate water supplies in a repeat of the
“Drought of Record”.
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In 1965, the lowest precipitation in the last 100 years was recorded. During this
year, precipitation was equal to approximately 66 percent of normal precipitation.
Assuming drought groundwater recharge is equal to 66 percent of normal-year
recharge will provide a reasonable margin of safety and provide additional
insurance that adequate water supplies are available during a prolonged drought.

Planning Threshold

To ensure that water is available during all weather conditions without creating
undesirable effects for human consumption as well as ecosystems dependent on
water, the NJDEP established the “Planning Threshold”. In the 1996 Statewide
Water Supply Plan (NJDEP 1996), the NJDEP indicated that the dependable
yield of most areas of the State had not been determined. Therefore, they
established the “Planning Threshold” to reduce uncertainties associated with
determining dependable yields and recharge rates for aquifer systems, and to
limit human consumption within a basin.

The NJDEP determined that the Planning Threshold should equal 20 percent of
aquifer recharge. Applying the Planning Threshold to drought recharge rates
limits the uncertainties associated with recharge during these periods and
ensures water is available to streams, ecosystems, and downstream consumers
during a severe drought. Table 6 summarizes normal precipitation recharge
rates, severe drought recharge rates, and the dependable yields as established
with the Planning Threshold.

Available Dependable Yield

Based on the areas of hydrogeologic conditions beneath West Amwell Township,
and the severe drought recharge rates, during a “Drought of Record”, West
Amwell Township will receive approximately 849 million gallons of recharge per
year. Applying the “Planning Threshold” indicates that the dependable yield for
the Township is approximately 170 mgy or 0.47 mgd. As indicated above, current
residential self-supply could result in consumption of approximately 87 mgy or
0.24 mgd.

At its present population, West Amwell Township is consuming approximately 50
percent of the dependable yield of the geologic formations beneath the
Township. Table 7 summarizes the areas of each bedrock formation and the
volumes of expected available recharge in millions of gallons per day and
millions of gallons per year for normal and drought precipitation as well as the
dependable yield per bedrock aquifer.
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RECHARGE AREAS

Current demographics indicate a density of 2.4 persons per dwelling unit for
West Amwell Township. Based on this density each existing dwelling unit
consumes approximately 240 gpd.

Based on the dependable yields for each geologic rock type, recharge to an area
of 4.9 acres would be needed to sustain the demands of a dwelling unit underlain
by non-metamorphosed Passaic Formation. In the areas underlain by the
Lockatong Formation, diabase, and metamorphosed Passaic Formation, a
recharge area of 11.5 acres would be necessary to sustain the daily demands of
240 gpd. Table 8 summarizes the recharge areas per geologic unit.

These recharge areas per dwelling unit are based on the dependable yields of
the bedrock formations. Therefore, these areas should permit sufficient
precipitation to infiltrate an aquifer system and ensure that water is available for
both human consumption within the dwelling unit and also for ecosystems and
downstream consumers during severe dry weather.

The recharge areas per dwelling unit should be flat to gently sloping and open to
incident precipitation. These areas should not be covered with impervious
materials or buildings. The aquifer recharge areas should be located within areas
in which the underlying bedrock is fractured with little to no impervious coverage
along strike of the fractures. The recharge areas do not have to be coincident
with the dwelling unit.

Often, the geology near a particular dwelling unit is insufficient to sustain the
demands and water from upgradient areas is captured or used as it flows
beneath the property. Seeps, wetlands, streams, bedrock outcrops, and/or steep
slopes should not be included in the recharge areas. All site improvements,
especially those that include impervious surfaces should be in addition to the
recharge area per lot.

The minimum recharge areas per dwelling unit have been calculated to provide a
dependable water-supply yield to existing dwelling units and a future single-
family residence occupied by 2.4 persons. These recharge areas assume that
the water is depleted from the aquifer and not returned.

In West Amwell Township, septic systems are used for disposal of wastewater.
As a result, a percentage of water removed from the aquifer is returned.
However, the wastewater contains contaminants such as nitrates, bacteria,
viruses and man-made chemicals that are highly mobile and are not readily
removed. Therefore, additional recharge is required to dilute these and other
contaminants to a level that is deemed safe for consumption.
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NITRATE DILUTION

Nitrate

Nitrate is not typically found in groundwater because of natural conditions. Nitrate
can be introduced to groundwater from sewage discharges, fertilizers, animal
waste, and decomposing plants. In addition, some agricultural crops such as
legumes and alfalfa can fix atmospheric nitrogen and transfer it to soils where it
can then enter groundwater. Nitrate is used as an indicator of anthropogenic
impacts to groundwater, especially impacts associated with sewage disposal.
Elevated nitrates can cause methemoglobinemia (Blue Baby Syndrome) in
infants and can also be an indicator of pathogenic bacterial or viral
contamination.

Nitrate is a highly soluble, stable, and mobile compound in groundwater when
sufficient dissolved oxygen is available. Fractured bedrock aquifers, especially
those interconnected with water-table systems, contain high concentrations of
dissolved oxygen. Under these conditions, nitrate, much like the other
contaminants for which nitrate serves as an indicator, can migrate large
distances and result in an extensive plume of groundwater contamination. Since
nitrate and the other contaminants are not easily removed from groundwater, the
source(s) of the contamination must be identified and removed, and the
contaminant concentrations diluted to achieve safe drinking-water conditions.

Background Concentrations

On January 7, 1993, the NJDEP established groundwater classifications and
quality criteria (N.J.A.C. 7:9-6). In accordance with these New Jersey Ground
Water Quality Standards, groundwater within West Amwell Township is classified
as Class Il-A. The nitrate as nitrogen criteria for Class |I-A water is 10 milligrams
per liter (mg/l). This criterion is the same as the USEPA standard for nitrate as
nitrogen in drinking water.

As part of New Jersey’s groundwater quality standards, the NJDEP established
an antidegradation policy to protect groundwater in which, the background
concentration of a contaminant does not exceed the quality criteria. The policy
limits the discharge of contaminants to groundwater to a percentage of the
difference between the background concentration and the quality criteria. For
Class II-A water, the limit is the background concentration plus 50 percent of the
difference between the background concentration and the quality criteria.

As part of the 1993 study of the Stony Brook, Beden Brook, and Jacobs Creek
basin, the USGS collected groundwater samples, some of which were analyzed
for nitrite plus nitrate. These analytical results indicate background nitrate
concentrations ranging from the detection limit of 0.1 milligram per liter (mg/l) to
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4.7 mg/l with a median concentration of 0.82 mg/l. The NJGS summarized
analytical data for samples throughout New Jersey and these data indicate that
background concentrations of nitrate in groundwater within the Newark Basin
range from 0.1 to 7.4 mg/l with a median concentrations of 1.6 mg/l. Based on
the USGS and NJGS studies, the antidegradation limit for nitrate discharges
should range from 5.4 to 5.8 mg/l.

Although the antidegradation limit would result in discharge concentrations of 5.4
to 5.8 mg/l, which is below the drinking water standard, this limit would permit
background concentrations to increase more than 5 times above the current
background limit and will likely result in adverse impairment of groundwater
quality. Since nearly all West Amwell Township residents rely on groundwater for
drinking water and fractured bedrock aquifers provide minimal if any,
contaminant removal, the aquifers beneath the Township have similar needs for
protection as those areas designated by the NJDEP as Class I-A and I-PL
groundwater.

Trela-Douglas Model
ACCEPTANCE

The Trela-Douglas nitrate-dilution model was developed in 1978 and presented
at the First Annual Pine Barrens Research Conference. This model has been
widely accepted and used by the NJDEP for more than 24 years when evaluating
potential nitrate discharges from septic systems to groundwater and for
determining the recharge area necessary to dilute nitrate concentrations. The
model continues to be used by the NJDEP and is the nitrate dilution model used
in their “Recharge Based Nitrate Dilution Model for New Jersey” (July 2001) and
is used for evaluating septic system impacts from subdivisions of 50 lots or more.

The difference between the evaluation using the Trela-Douglas model discussed
herein and an evaluation conducted using the July 2001 “Recharge Based
Nitrate Dilution Model for New Jersey” is that the July 2001 analysis uses the soil
recharge method outlined in GSR-32. As discussed above, since the soil
recharge method does not calculate the volume of water infiltrating to
groundwater, it would not be appropriate to use this model for assessing dilution
needs in aquifer systems.

The Trela-Douglas model is considered conservative because it does not
account for denitrification of nitrate in soils. However, this assumption is
appropriate for a fractured bedrock environment with a thin soil cover such as the
system beneath West Amwell Township. The thin layer of soils and bedrock
fractures offer limited retention time and groundwater is oxidized and there will be
little if any, denitrification of the septic system effluent and removal of other
contaminants.
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Nitrates can quickly migrate from a septic system with infiltration through a
bedrock fracture into a water-bearing zone. Once the nitrate is in one or more
water-bearing fractures, there is little opportunity for removal or retardation. Since
approximately 84 percent of West Amwell Township is underlain by soils with
severe limitations for septic systems, these soils are unlikely to prevent nitrates
or other contaminants from impacting groundwater used for water supply.
Therefore, adequate recharge is necessary to dilute the concentration of
contaminants to safe drinking conditions.

ASSUMPTIONS

Similar to the water-supply evaluation discussed above, the Trela-Douglas model
was applied to West Amwell Township to evaluate existing needs based on
current demographics. The Trela-Douglas nitrate dilution model is based on
several assumptions, which for West Amwell Township include the following (the
values used in the calculations are provided in parenthesis):

1. The groundwater use rate is 100 gallons per day per person and 2.4
persons occupy each dwelling unit. These assumptions are the same
assumptions used in determining recharge areas for water supply use.
Therefore, groundwater use per dwelling unit is 240 gpd.

2. The aquifer recharge rate is 3.3 inches per year for the non-
metamorphosed Passaic Formation and 1.4 inches per year for the
metamorphosed Passaic Formation, the Lockatong Formation, and the
diabase. As shown on Table 6, these are the recharge rates for severe
drought conditions. These rates were selected for this analysis to
minimize potential adverse impacts to groundwater quality as well as the
health of residents and other water consumers during an extended
drought similar to the “Drought of Record” in the 1960’s.

3. The nitrate-nitrogen concentration in the septic system effluent is
approximately 40 mg/I.

4. The nitrate concentration at the boundary of the recharge area, which is
in accordance with the NJDEP antidegradation policy for Class [I-A
groundwater is 5.6 mg/l for West Amwell Township.

5. No additional sources of nitrate such as lawn fertilizers are added to the
environment and migrate to groundwater.
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EQUATION
The Trela-Douglas Model is defined by the following equation:

Where:

Ve = Volume of effluent.

Ce = Concentration of nitrate in effluent.

V; = Volume of recharge.

Cq = Concentration of nitrate at downgradient property boundary.

The volume of effluent and volume of recharge parameters can be modified as
follows:

Ve=HW, (3)
Vi=AR (4)

Where:

H = Number of persons per home.

W, = Per capita water use in gallons per day.

A = Recharge area in acres.

R = Recharge rate in inches per year.

And 74.39 is a factor to convert inches per year to gallons per day.

The Equation 2 can be modified with Equations 3 and 4 and rearranged to solve
for recharge area as follows:

A=HW(C.-Cy)/74.39(RCq) (5)
With the following values for these parameters:

H = 2.4 persons per home.

W, = 100 gallons per day.

Ce =40 mgl/l.

Cq=5.6 mgl/l.

R = 3.3 inches per year for the non-metamorphosed Passaic Formation
and 1.4 inches per year for the metamorphosed Passaic Formation,
Lockatong Formation, and diabase.
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Passaic Formation

Solving Equation 5 for the non-metamorphosed Passaic Formation rocks
beneath West Amwell Township indicates a recharge area requirement of 6.0
acres to adequately dilute nitrates to the NJDEP anti-degradation policy during a
severe drought. Table 8 summarizes the recharge areas per geologic unit.

If the normal precipitation recharge rate of 4.9 inches per year were used in
Equation 5, a recharge area of 4.0 acres would be required to dilute septic
contaminants. Using a 4.0-acre recharge area would require allowing
contaminant levels to rise during droughts with the anticipation that they might be
reduced with above normal rainfall.

Lockatong Formation, diabase, Hornfels

Solving Equation 5 for the Lockatong Formation, the diabase, and the
metamorphosed Passaic Formation or hornfels indicates a recharge area
requirement of 14.2 acres to adequately dilute nitrates to the NJDEP anti-
degradation policy during a prolonged drought.

If the normal precipitation recharge rate of 2.1 inches per year were used in
Equation 5, a recharge area of 9.4 acres would be required to dilute septic
contaminants. Using a 9.4-acre recharge area would require allowing
contaminant levels to rise during droughts with the expectation that they might be
reduced with above normal rainfall.

Recharge Areas

Similar to the recharge areas for water supply, the recharge areas necessary to
dilute nitrate concentrations should be in areas with flat to gentle slopes and
open to precipitation. The areas should not be covered with impervious surfaces
or buildings that can prevent precipitation from infiltrating into bedrock fractures.
Portions of lots that include seeps, wetlands, streams, bedrock outcrops, and/or
steep slopes should not be included in the recharge areas.

In areas of the Township with existing recharge areas less than the densities
required, additional areas or recharge enhancements may be needed for
adequate nitrate dilution. It may be necessary to preserve or protect upstream
open areas within the same watershed to ensure sufficient water infiltrates the
aquifer to dilute septic system contaminants from these existing dwellings. Even
in areas where the existing recharge areas are capable of supporting existing
dwelling units, it may be necessary to protect upstream open areas or enhance
recharge to balance portions of the existing lots covered with impervious
materials.





